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Abstract

Background: High blood pressure (BP) and physical inactivity are the major risk factors for cardiovascular diseases. Mobile
health is expected to support patients’ self-management for improving cardiovascular health; the development of fully automated
systems is necessary to minimize the workloads of health care providers.

Objective: The objective of our study was to evaluate the preliminary efficacy, feasibility, and perceived usefulness of an
intervention using a novel smartphone-based self-management system (DialBetes Step) in increasing steps per day among workers
with high BP.

Methods: On the basis of the Social Cognitive Theory, we developed personalized goal-setting and feedback functions and
information delivery functions for increasing step count. Personalized goal setting and feedback consist of 4 components to
support users’ self-regulation and enhance their self-efficacy: goal setting for daily steps, positive feedback, action planning, and
barrier identification and problem-solving. In the goal-setting component, users set their own step goals weekly in gradual
increments based on the system’s suggestion. We added these fully automated functions to an extant system with the function of
self-monitoring daily step count, BP, body weight, blood glucose, exercise, and diet. We conducted a single-arm before-and-after
study of workers with high BP who were willing to increase their physical activity. After an educational group session, participants
used only the self-monitoring function for 2 weeks (baseline) and all functions of DialBetes Step for 24 weeks. We evaluated
changes in steps per day, self-reported frequencies of self-regulation and self-management behavior, self-efficacy, and biomedical
characteristics (home BP, BMI, visceral fat area, and glucose and lipid parameters) around week 6 (P1) of using the new functions
and at the end of the intervention (P2). Participants rated the usefulness of the system using a paper-based questionnaire.
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Results: We analyzed 30 participants (n=19, 63% male; mean age 52.9, SD 5.3 years); 1 (3%) participant dropped out of the
intervention. The median percentage of step measurement was 97%. Compared with baseline (median 10,084 steps per day),
steps per day significantly increased at P1 (median +1493 steps per day; P<.001), but the increase attenuated at P2 (median +1056
steps per day; P=.04). Frequencies of self-regulation and self-management behavior increased at P1 and P2. Goal-related
self-efficacy tended to increase at P2 (median +5%; P=.05). Home BP substantially decreased only at P2. Of the other biomedical
characteristics, BMI decreased significantly at P1 (P<.001) and P2 (P=.001), and high-density lipoprotein cholesterol increased
significantly only at P1 (P<.001). DialBetes Step was rated as useful or moderately useful by 97% (28/29) of the participants.

Conclusions: DialBetes Step intervention might be a feasible and useful way of increasing workers’ step count for a short period
and, consequently, improving their BP and BMI; self-efficacy–enhancing techniques of the system should be improved.

(JMIR Cardio 2023;7:e43940) doi: 10.2196/43940
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Introduction

Background
Cardiovascular diseases (CVDs) are the leading cause of death
worldwide [1]; they also affect patients’quality of life and health
care expenditures. High blood pressure (BP) is one of the major
risk factors for CVDs [2,3]. BP levels have dose-response
associations with mortality from CVDs in Japanese cohorts [4].
Aerobic exercise, such as brisk walking, is effective [5] and
recommended for lowering BP [6,7]. However, physical
inactivity remains as a critical public health issue worldwide
[8,9]. In Japan, although the second term of the National Health
Promotion Movement in the 21st Century has established goals
for steps per day (9000 steps for men and 8500 steps for women
who are aged 20-64 years) [10], the mean steps per day has been
gradually decreasing since 2000 [11] and falls short of the goals.

Mobile health (mHealth) is expected to increasingly support
people’s self-management for improving cardiovascular health,
such as physical activity promotion and BP control [12].
mHealth interventions with feedback from care providers were
associated with significant reduction in BP [13]. A meta-analysis
of mobile phone–based weight loss interventions suggested that
personal contact between participants and intervention staff and
more frequent interactions were associated with weight reduction
[14]. However, interventions needing time investment from
care providers or intervention staff may prevent scalability under
the limited workforce in the current superaged society. In our
previous studies of a smartphone-based self-management system
for workers with abdominal obesity [15,16], creating monthly
feedback reports including lifestyle advice placed a heavy
burden on health care providers. Therefore, the development of
mHealth systems with fully automated feedback and
individualized advice is necessary to minimize their workloads.

Theory is helpful in guiding hypothesized mechanisms of
behavior change during the development and evaluation of
interventions [17]. The Social Cognitive Theory (SCT) [18] has
been used most frequently as a framework for interventions
targeting CVD risk factors [19] because it specifies techniques
for changing the core determinant of health behavior, namely
self-efficacy [20]. Interventions based on the SCT had
significant effect on increasing physical activity in survivors of

cancer [21]. However, few mobile apps focusing on physical
activity have been developed and evaluated based on the SCT.

Objective
We developed automated feedback and individualized advice
functions to increase step count based on the SCT. We added
them to the extant smartphone app (DialBeticsLite) [15,16],
which facilitates the recording of physical parameters (BP, body
weight, and blood glucose) and health behavior related to CVD
prevention (diet, exercise, and daily step count) and provides
brief evaluation messages about physical parameters and general
diet advice. We focused on daily step count because it is the
best-known and objectively measurable key indicator of aerobic
physical activity. Longitudinal studies have demonstrated that
great daily step counts were associated with low risk of all-cause
mortality [22,23] and CVDs [23]. This paper describes the
system development and a pilot study of workers with high BP
aiming to evaluate the preliminary efficacy, feasibility, and
perceived usefulness of an intervention using the new system
(DialBetes Step) in increasing step count.

Methods

System Development

Theoretical Framework
We used the SCT and the stages of change in the
Transtheoretical Model [24,25] as the theoretical basis of
DialBetes Step.

We focused on 3 constructs of the SCT to create new functions
to increase step count: self-efficacy, self-regulation, and
behavioral capability. Self-efficacy is the conviction that one
can successfully perform a behavior that leads to an outcome,
which can be changed through certain techniques (eg, mastery
experience by performance accomplishments and verbal
persuasion) [26]. Self-regulation is the process through which
an individual observes their own behavior (self-monitoring),
judges it by comparison with personal standards (self-set goals),
and gives self-evaluative or tangible self-reactions (self-reward)
to modify their own behavior [18,27]. Interventions combining
self-monitoring of behavior with at least one of the other
self-regulation techniques (eg, goal setting and feedback) were
more effective in increasing physical activity [28].
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Self-regulation techniques partly overlap with techniques that
improve self-efficacy [29]. For example, graded goal setting
contributes to accumulating mastery experience, and feedback
is a means of verbal persuasion [30]. Therefore, we hypothesized
that the enhancement of self-regulation would increase physical
activity not only directly but also by mediating improvements
in self-efficacy [31,32].

Finally, we developed personalized goal-setting and feedback
functions, focusing on daily step count to support users’
self-regulation and enhance their self-efficacy. We intended for
users to set step goals in gradual increments to have many
mastery experiences through goal achievement. We also
included information delivery functions to enhance users’
behavioral capability (ie, knowledge and skill) [27].

The stages of change were used to define the system’s target
population. We selected people in the contemplation stage (in
which they are seriously thinking about overcoming a problem)
and the preparation stage (in which they intend to change
behavior in the very near future or are engaging in small

behavior changes) as our target population. Patients in these
stages were more likely to be willing to use a self-management
tool based on information and communication technology than
those in the precontemplation stage [33].

Development Process
We decided on the conceptual framework described previously,
content, and algorithms of the new functions by reviewing the
literature, including previous information and communication
technology–based intervention studies [34-48] on increasing
physical activity based on the SCT. We also had continuous
discussions within the interdisciplinary team of medical and
nursing researchers, such as a registered nurse (TS),
endocrinologists (KW and KM), a cardiologist, and a specialist
in behavioral medicine. We made an interactive timeline screen
on which users could see messages from the system (Figure 1).
After the implementation of new functions in DialBeticsLite,
the authors (TS, AI, and NYM) and 5 healthy volunteers tested
the user interface of the timeline screen and the accuracy of the
new function algorithms.

Figure 1. An example of the timeline screenshot of the DialBetes Step app. We copied and transformed the Google material (Android robot) following
the Creative Commons 3.0 Attribution license. "DialBetics Plus" was the name of the app when the study was conducted.
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The New Functions
The functions for increasing step count in DialBetes Step were
divided into self-monitoring, information delivery, and
personalized goal setting and feedback. Overall, DialBetes Step
included 18 behavior change techniques defined in the Behavior
Change Technique Taxonomy version 1 [49] (Multimedia
Appendix 1).

DialBeticsLite already has functions to record daily step count
and show them as a list and a graph (self-monitoring function).
Information delivery functions comprise general information
to increase step count, individualized advice to promote physical
activity, and individualized information for safe physical
activity. When starting the use of the new functions, users can
see general information (an action list consisting of 12 actions
[50,51]; Textbox S1 in Multimedia Appendix 2) for increasing
the step count. We created individualized advice to promote
physical activity by modifying the physical activity–related
algorithms of Lifestyle Intervention Support Software for
Diabetes Prevention [52]. When the user does not meet their
step goal, the system recommends one of the behaviors the user
“never” or “rarely” does from the items of the “evaluation scale
for self-management behavior related to physical activity of
type 2 diabetic patients” (ES-SMBPA-2D) [53].

Functions of personalized goal setting and feedback consist of
4 components: goal setting for daily steps, positive feedback,
action planning, and barrier identification and problem-solving.

First, DialBetes Step helps users set their own step goals once
a week. The process of goal setting involves system-suggested
goals, self-setting of goals, and system-suggested goal
adjustments according to the user’s self-efficacy in goal
achievement. As there were insufficient studies for a way to
calculate appropriate step goals automatically, we made
algorithms for goal suggestion by simulation using data from
our previous study [54]. Therefore, the system-suggested goals
are based on the user’s daily step counts at baseline (P0; at week
1) or the number of days in the previous week the user achieved
their step goal (at and after week 2) [45,55]. The maximum goal
the system suggests and the user can input are both 15,000 steps
per day. Users input their confidence in achieving the goal on
>4 days of the week, from 0% to 100%. If their confidence level
is from 70% to 90%, the system judges the goal as appropriate
[41]; otherwise, the system recommends changing the goal.
Thus, DialBetes Step allows users to set challenging yet
attainable goals that they were likely to achieve with a little
more effort [56,57].

Second, DialBetes Step gives users various types of positive
feedback to recognize their efforts in increasing their step count:
daily feedback about the user’s step goal achievement (Figure
1), feedback about the user’s favorable physical activity
behaviors (Figure 1), and weekly feedback. We created feedback
about the user’s favorable physical activity behaviors by
modifying the algorithms of Lifestyle Intervention Support
Software for Diabetes Prevention [52]. When the user meets
their step goal, the system displays a message that recognizes
one of the behaviors from the ES-SMBPA-2D the user does
“often” or “always” as favorable and that encourages them to
continue the behavior. For the other types of feedback, we

created algorithms with conditional equations to select one of
the messages automatically. Weekly feedback includes the mean
steps per day, the number of days on which the user achieved
the step goal, mean values of physical parameters in the past
week, and feedback messages about changes in each parameter.

Third, DialBetes Step helps users make and review an action
plan to achieve their step goal once a week after a step goal is
determined. Users choose as many actions from the action list
(Textbox S1 in Multimedia Appendix 2) as they plan to
accomplish or input any other action in a free write-in column.

In addition to action planning, DialBetes Step helps users
identify barriers to walking and think of possible solutions.
Users rate current or future barriers instead of reviewing their
action plan, depending on their mean steps per day and the
number of days the user achieved their step goal in the past
week. Even if the step goal is reached, it is essential for users
to think of possible barriers to walking in the future, to maintain
behavior and prevent relapse [58]. We created lists of common
current and future barriers to walking from previous studies
[59-62] and lists of possible solutions for each barrier (Tables
S1 and S2 in Multimedia Appendix 2).

Design of the Feasibility Study
We conducted a single-arm pilot study of workers at Tokyu
Department Store Health Insurance Society in Tokyo, Japan.
The primary objective of this study was to evaluate the
short-term efficacy, feasibility, and perceived usefulness of
DialBetes Step in 6 weeks. We assumed a clinically meaningful
change in steps per day to be 1000 steps, as the Japanese
physical activity guideline recommends a 10-minute increase
in physical activity per day [51], and 100 steps per minute is an
estimate for moderate-intensity walking [63]. We hypothesized
that the clinically meaningful change would be reached in 6
weeks based on the system’s goal-setting algorithms. We also
assessed whether the short-term efficacy continued after 24
weeks of using DialBetes Step.

This study was registered in the University Hospital Medical
Information Network Clinical Trial Registry (UMIN000037970).

Participants
Employees of 4 private enterprises whose systolic BP had been
≥140 mm Hg at a workplace health checkup in the fiscal year
2017 and who were working in the Tokyo metropolitan area
were included in this study. All 4 enterprises were in the service
industry (eg, department store) and belong to Tokyu Department
Store Health Insurance Society. Employees who had been given
nationwide lifestyle intervention [16,64] in the fiscal year 2018
were excluded.

A collaborator in the health insurance society sent written
recruitment documents to all candidates via workplace mail.
Candidates who judged themselves to meet the 3 entry criteria
(not walking enough in general, being willing to increase
physical activity through walking, and able to engage in
moderate physical activity) applied for participation.
Recruitment was continued by the collaborator via telephone
or email and by an industrial physician (KW) at the employee
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outpatient clinic until the number of applicants reached the
target described in the following section.

We confirmed the applicants’ eligibility for the study based on
the results of their health checkups and a baseline questionnaire.
Exclusion criteria were the following: systolic BP of ≥180 mm
Hg; recent hemoglobin level <10 g/dL; diabetes other than type
2; experience of any hypoglycemic events within the past 3
months; and pregnancy, lactation, or pregnancy plans in the
near future. We consulted another industrial physician to judge
the applicants’ eligibility if we had difficulty in making a
decision.

We collected data both via the web (data recorded in DialBetes
Step) and offline (paper-based questionnaires, physical
measurements, and blood examinations; Figure 2). Participants
attended group sessions for offline data collection at the
University of Tokyo Hospital at P0, after 6 weeks of the
intervention period (P1a), and after the intervention (P2a).

Questionnaires at P1a and P2a were sent via email and collected
at each group session. Blood samples were collected for
examination at the outpatient clinic of the health insurance
society at P0 and P1a and during the group session at P2a.

As baseline characteristics, we obtained sex and the date of birth
from the health insurance society. The baseline questionnaire
before the intervention (P0a) included questions about the
participant’s stages of change in increasing step count [65];
outpatient visits for hypertension and diabetes; and routine
measurement of home BP, body weight, and step count. Office
BP was measured using an automated sphygmomanometer
(Omron; HEM-7271T).

After the completion of the study, we compensated the
participants with a paper-based report on the results of physical
measurements and blood examinations with comments from a
registered nurse (TS).

Figure 2. Timeline of the intervention and data collection for outcome evaluation in the before-and-after study among workers with high blood pressure.
P0: baseline; P0a: before the intervention; P0b: baseline system use period; P1: around week 6; P1b: weeks 5 to 6; P1a: after 6 weeks of the intervention
period; P2: the end of the intervention; P2b: weeks 23 to 24; P2a: after the intervention.

Ethics Approval
This study was approved by the research ethics committee of
the Graduate School of Medicine, the University of
Tokyo—approval 11902-(2). We obtained informed consent
through 2 processes. Participants initially provided written
informed consent to data collection for the short-term evaluation
in 6 weeks. At the P2a group session, we informed participants
about the remaining data collection through a document and
verbal explanation; participants could opt out at their own
discretion. We deidentified all study data to protect the
participants’ privacy and confidentiality.

Interventions

Educational Group Session (Conventional Intervention)
All participants attended a 2-hour group session in October
2018. The group session included the initial informed consent,
baseline data collection, a 40-minute lecture on hypertension
management, and a 60-minute lecture with a practice session
on how to use DialBetes Step based on a user manual.

Use of DialBetes Step
All participants used the system for 26 weeks from November
2018. The study team loaned participants a device set to use the
system: a smartphone (Fujitsu; F-02H) in which necessary apps
were installed, a home sphygmomanometer (Omron;
HEM-7271T), a weight and body composition scale (Omron;
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HBF-255T), a glucometer (Terumo; MS-FR201B), and a triaxial
accelerometer (Terumo; MT-KT02DZ).

For the first 2 weeks, all participants used only the
self-monitoring function of DialBetes Step (conventional
intervention) for baseline data collection (baseline system use
period [P0b]). They measured BP twice a day (before breakfast
[morning] and before bedtime [night]) and body weight once a
day (morning). Participants whose hemoglobin A1c (glycated
hemoglobin) level was ≥6% or fasting blood glucose was ≥100
mg/dL at the latest health checkup also measured blood glucose
levels once or twice a day (Multimedia Appendix 3). They
recorded the data into the system through Bluetooth
communication using a free app (Omron; OMRON connect) or
near field communication. All participants wore the
accelerometer in a clothes pocket or bag during all waking hours,
except when swimming or taking a shower. Participants sent
daily step count and calories burned by activity to the system
through near field communication every night. Participants also
input information about every meal and exercise not recorded
by the accelerometer. We asked participants to live their daily
life as usual (ie, not to increase physical activity intentionally)
during this period.

After the 2-week P0b and a 5-day interval, all participants began
using all functions of DialBetes Step for 24 weeks (intervention
period). They received the same evaluation messages about
physical parameters and diet advice as in the original
DialBeticsLite [15,16] and used the new functions.

Participants contacted the study team via telephone or email
when they had any trouble with using the system. We monitored
the recorded data of the participants through the server every
weekday. If a participant did not record accelerometer data for
3 consecutive days, the first author emailed them a reminder.

Process Evaluation
We calculated percentages for the measurement and recording
of each parameter in DialBetes Step during P0b and intervention
period. The percentages were calculated by dividing the number
of days data were measured and recorded by the number of days
in each period. We excluded days without data owing to
recording failures, for which participants were not responsible,
from the denominator.

We summarized the number of contacts between participants
and the study team in each period, including email reminders
to record accelerometer data and problems with system use. We
categorized problems according to the functions of DialBetes
Step.

Participants completed a paper-based questionnaire to evaluate
the system during the P1a group session. Participants rated the
usefulness and user-friendliness of the overall system and each
function on a 4-point Likert scale (good, somewhat good,
somewhat bad, or bad). They also responded to modified items
about the overall system evaluation [54].

Outcome Evaluation

Primary Outcome
The primary outcome was the change in the mean steps per day
recorded in DialBetes Step between P0b and weeks 5 to 6 (P1b)
of the intervention period. We also assessed the long-term
change between P0b and weeks 23 to 24 (P2b). We excluded
data from days on which the participant did not wear the
accelerometer according to their self-report or had daily step
count <100 steps [66].

To assess the change in the mean steps per day presumably
caused by the conventional intervention, participants also
recorded daily step count for a week before the educational
group session (ie, P0a) and during the second week of P0b on
questionnaires if they had measured it using their own devices
(eg, smartphones). The P0b questionnaire was sent to
participants and returned via email.

Secondary Outcomes
Secondary outcomes included changes in another physical
activity measure, biomedical outcomes, and antecedent factors
of physical activity. We assessed short-term changes between
P0 and around week 6 (P1: P1b for web-based data or P1a for
offline data) and long-term changes between P0 and the end of
the intervention (P2: P2b for web-based data or P2a for offline
data) in each outcome. Detailed information about measuring
instruments and scales is summarized in Multimedia Appendix
4.

We assessed the changes in the mean calories burned by activity
per day (measured using the triaxial accelerometer [67]) and
the mean home BP (for morning and night) using the web-based
data recorded in DialBetes Step.

Other biomedical outcomes included changes in body weight,
BMI, and visceral fat area (VFA) measured in the morning
during each group session. Height and body weight were
measured using an automatic height-and-weight scale (A&D;
AD-6228AP), which subtracted 0.5 kg as the tare from the body
weight. The first author or a clinical laboratory technician
measured participants’VFA using DUALSCAN (Omron Colin;
HDS-2000), which uses the dual impedance method [68,69].

Blood samples collected in the morning were sent to and
examined by LSI Medience Corporation, Tokyo, Japan. We
evaluated changes in the levels of hemoglobin A1c, fasting blood
glucose, triglycerides, and high-density lipoprotein (HDL)
cholesterol. We used non-HDL cholesterol as an indicator of
hypercholesterolemia instead of low-density lipoprotein
cholesterol calculated using the Friedewald formula, as some
participants had a triglyceride level of >400 mg/dL at P2a.

We assessed the changes in antecedent factors of physical
activity using the questionnaire at P0a, P1a, and P2a, including
2 types of self-efficacy, self-regulation, and self-management
behavior related to physical activity. First, we assessed
self-efficacy in achieving goals for daily steps (goal-related
self-efficacy [70]). On the basis of the scales of self-efficacy
for physical activity [71-73], we set 4 levels of incremental step
goals (6000, 8000, 10,000, and 12,000 steps per day).
Participants rated their degree of confidence in achieving each
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goal by writing a percentage from 0% to 100%. The score was
calculated as the average of the confidence estimates for each
goal. Second, we assessed self-efficacy in walking behavior
[74]. Participants rated their degree of confidence in engaging
in regular walking during 4 difficult situations (when tired,
when in a bad mood, when feeling as if they did not have the
time, and when it was raining or snowing) on a 5-point Likert
scale. Self-regulation was assessed using the Japanese version
of the 12-item Physical Activity Self-Regulation scale [75,76].
The scale consists of 6 factors (eg, self-monitoring, goal setting,
reinforcements, time management, and relapse prevention), with
2 items each, rated on a 5-point Likert scale. Self-management
behavior was assessed using the ES-SMBPA-2D, which consists
of 9 factors, with a total of 32 items rated on a 5-point Likert
scale [53].

Adverse Events
Adverse events were assessed using questionnaire. First, as
DialBetes Step encouraged participants to increase physical
activity, we assessed changes in body pain, using 4 items
categorized in the body pain cluster in the 25-question Geriatric
Locomotive Function Scale [77]. Participants rated those items
on a 5-point Likert scale at P0a, P1a, and P2a. Second, we asked
participants whether they experienced any changes in their
condition or subjective symptoms during system use in the P1a
and P2a questionnaires.

Population for Analyses and Sample Size
We included all participants in the assessment of problems with
system use and adverse events. In contrast, we defined the
suitable population for the other evaluation (eg, outcome
evaluation) as the theoretical target population of DialBetes
Step (ie, the contemplation and the preparation stages in the
Transtheoretical Model). First, we excluded participants
categorized in the precontemplation stage using the P0a
questionnaire. Second, we excluded participants who were
already taking >15,000 steps per day (equal to the maximum
step goal users can set) during P0b because the system
encouraged them to maintain that step count rather than increase
it.

To calculate the sample size for outcome evaluation, we used
the aforementioned clinically meaningful change in steps per
day (1000 steps [51,63]) and estimated the SD to be 1800 based
on our previous study of DialBeticsLite in Tokyu Department
Store Health Insurance Society (K Waki, unpublished data,
September 2017). We estimated the necessary sample size to
be 28 to detect 0.55 SD of change, with 80% power at the 5%
significance level, using G*Power 3.1.9.2
(Heinrich-Heine-Universität) [78]. Anticipating the dropout and
ineligibility of a certain number of participants, we set a
recruitment target of at least 35 participants.

Statistical Analyses
Changes in outcomes between P0 and P1 or P2 were tested
using the Wilcoxon signed rank test owing to the small sample
size and the skewed distribution of variables. We calculated
distribution-free 95% CIs of the median using the ciquantdf
option of the Base SAS 9.3 univariate procedure [79]. As we
conducted 2 tests (short-term and long-term analyses) for each
outcome, we set the significance level using the 2-tailed test at
.025 based on the Bonferroni method.

We excluded participants who did not complete data collection
and those without valid data (eg, having breakfast before the
physical measurement) from analyses of each outcome. If
responses to items of the ES-SMBPA-2D were missing, we
substituted the participant’s mean item score in each factor at
the same time point for the missing values. If participants
reported the start of new medications or increase in dose of any
medication for hypertension or dyslipidemia in the P1a or P2a
questionnaires, they were excluded from analyses of home BP
or lipids, respectively.

We conducted post hoc subgroup analyses to assess whether
the changes in steps per day were modified by baseline steps.
We divided the participants into 2 groups using the median of
the mean steps per day during P0b (<10,000 and >10,000 steps
per day) and tested the step changes in each group.

We used SAS Studio 3.8 (SAS Institute) for all analyses.

Results

Participant Flow and Baseline Data
Figure 3 shows a flow diagram of participants. Although we
could not determine the actual number of candidates who had
been sent recruitment documents, 13.2% (34/257) or 13.1%
(34/259) of them provided the initial informed consent. All
participants were considered to be eligible for inclusion in the
study. We included 88% (30/34) participants who met the
qualifications for our theoretical target population in the process
and outcome evaluation (the main population for analyses). A
participant who had plans to be hospitalized for the treatment
of arrhythmia at week 5 of the intervention period was excluded
from the short-term analyses of the web-based data. We could
not inform 9% (3/34) of the participants about data collection
after P1; a total of 31 participants (n=29, 94% in the main
population) were included in the long-term analyses.

Table 1 shows the baseline characteristics of participants in the
main population. Most participants (21/30, 70%) were not
overweight or obese.
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Figure 3. Flow diagram of participants in the before-and-after study. P1: around week 6; P1a: after 6 weeks of the intervention period; P0b: baseline
system use period; P2a: after the intervention; P2: the end of the intervention.
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Table 1. Baseline characteristics of the main population for analyses in the before-and-after study among workers with high BPa (n=30).

ValuesCharacteristics

19 (63)Sex (male), n (%)

52.9 (5.3)Age (years), mean (SD)

146 (137-155.5)Systolic BP at hospital (mm Hg), median (IQR)

96 (91.5-105)Diastolic BP at hospital (mm Hg), median (IQR)

23.5 (20.9-25.1)BMI (kg/m2), median (IQR)

9 (30)≥25 (overweight or obesity), n (%)

21 (70)<25, n (%)

56 (42-88)Visceral fat area (cm2), median (IQR)

5 (17)≥100 (abdominal obesity), n (%)

25 (83)<100, n (%)

Stages of change in increasing step count, n (%)

5 (17)Contemplation

17 (57)Preparation

3 (10)Action

5 (17)Maintenance

8 (27)Regular outpatient visits for hypertension (yes), n (%)

1 (3)Regular outpatient visits for type 2 diabetes (yes), n (%)

13 (43)Routine measurement of home BP (yes), n (%)

19 (63)Routine measurement of body weight (yes), n (%)

11 (37)Routine measurement of step count (yes), n (%)

aBP: blood pressure.

Process Evaluation
The median percentages for daily step count measurement were
96.4% (IQR 85.7%-100%) during P0b and 97% (IQR
88.7%-100%) during the intervention period. The median
measurement and recording percentages for the other parameters
were >85% throughout the study (Table S1 in Multimedia
Appendix 5). Only 23% (7/30) of the participants recorded any
exercise during the intervention period.

During the study, we sent a total of 37 email reminders to 40%
(12/30) of the participants. In total, 79% (27/34) of the
participants had a total of 62 problems with system use (Table
S2 in Multimedia Appendix 5). Half (31/62, 50%) of them were
related to measurement and recording of daily step count (eg,
recording failure through near field communication); however,
there was no inquiry about the other functions designed to
increase step count.

Most participants rated the overall system as useful (16/29,
55%) or somewhat useful (12/29, 41%) for self-management
(Table S3 in Multimedia Appendix 5). The function that most
participants rated as useful in increasing step count was
measurement and recording (25/29, 86%), followed by goal
setting (15/29, 52%), weekly feedback (14/29, 48%), and
educational group session (11/29, 38%). In contrast, >20% of
participants rated the user-friendliness of measurement and
recording of daily step count (6/28, 21%), action planning (6/28,

21%), and barrier identification and problem-solving (7/28,
25%) as somewhat bad or bad. Similarly, 76% (22/29) of the
participants rated the overall system interface as easy to use
(Table S4 in Multimedia Appendix 5). Participants spent an
average of 16.5 (SD 11.2; range 3-60) minutes per day in using
the system; 90% (26/29) of them reported that the system was
worth the time they spent.

Outcome Evaluation

Primary Outcome
The median of the mean steps per day during P0b was >10,000
steps (Tables 2 and 3). They significantly increased at P1b
compared with P0b (median +1493 steps per day; P<.001).
However, the increase attenuated and did not remain significant
under the significance level of this study at P2b (median +1056
steps per day; P=.04). Week 6 of the intervention period was
during the end of the year, and P2b contained many Japanese
national holidays, which may have changed participants’ daily
activities during those periods. Steps per day significantly
increased when we compared P0b and week 5 only (median
+1497 steps per day; P=.003) or weeks 21 to 22 (median +1005
steps per day; P=.008; Multimedia Appendix 6).

Owing to the high number of baseline steps, we conducted post
hoc subgroup analyses to assess whether the increases in steps
per day were significant in less-active participants, who were
more consistent with the theoretical target population of
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DialBetes Step (Tables S5 and S6 in Multimedia Appendix 5).
Steps per day increased at P1b significantly only in the
less-active group (median +1451; 95% CI +111 to +3220 steps
per day; P=.005 vs median +1958; 95% CI −544 to +3055 steps
per day; P=.05 in the more active group). Both groups did not
significantly change steps per day at P2b.

Only 30% (9/30) of the participants were included in the
comparison of steps per day between P0a and P0b. The median
was 9578 (IQR 8433-10,326) steps per day at P0a and did not
change until P0b (median +53 steps per day; P=.82).

Table 2. Short-term changes from P0a to P1b in outcome variables in the before-and-after study among workers with high BPc (n=30).

Changes from P0 to P1P0be, median (IQR)P0ad, median (IQR)Variables

P valuefMedian (95% CI)

Physical activity

<.001+1493 (+131 to +2584)10,020 (8548-11,519)N/AhMean steps per dayg

<.001+50 (+6 to +83)265 (248-331)N/AMean calories burned by activity (kcal per

day)g

Mean home BP (mm Hg)g

.66−0.2 (−3.4 to +2.4)131.1 (126.3-141.4)N/AMorning—systolic

.30−0.6 (−2.6 to +1.8)89.7 (83.2-95.3)N/AMorning—diastolic

.23−3.1 (−6.2 to +2.7)126.1 (119.1-136.4)N/ANight—systolici

.44−1.2 (−5.0 to +1.1)80.3 (77.3-84.5)N/ANight—diastolici

Results of physical measurementj

<.001−1.2 (−1.9 to −0.4)N/A66 (57.7-72.4)Body weight (kg)

<.001−0.4 (−0.7 to −0.1)N/A23.7 (21.1-25.1)BMI (kg/m2)

.18−1 (−8 to +3)N/A56.5 (46-88)Visceral fat area (cm2)k

Results of blood examinationl

.940 (0 to +0.1)5.4 (5.1-5.5)N/AHemoglobin A1c (%)

.38+0.5 (−1 to +2)88 (82-92)N/AFasting blood glucose (mg/dL)

.27−10 (−29 to +9)104 (52-149)N/ATriglycerides (mg/dL)

<.001+3.5 (+1 to +8)63 (48.5-79)N/AHDLm cholesterol (mg/dL)

.20−3.5 (−18 to +6)157.5 (129.5-189)N/ANon-HDL cholesterol (mg/dL)

aP0: baseline.
bP1: around week 6.
cBP: blood pressure.
dP0a: before the intervention.
eP0b: baseline system use period.
fAnalyzed using Wilcoxon signed rank test.
gA participant who was hospitalized during week 5 was excluded (n=29).
hN/A: not applicable.
iA participant without measured data at P0b was excluded (n=28).
jOverall, 10% (3/30) of the participants were excluded—3% (1/30) did not take physical measurements, and the other 7% (2/30) had breakfast on the
day of the measurement at P1 (n=27).
kAn additional participant was excluded because of inability to use the abdominal belt owing to pain (n=26).
lOverall 7% (2/30) of the participants who did not take blood tests at P1 were excluded (n=28).
mHDL: high-density lipoprotein.
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Table 3. Long-term changes from P0a to P2b in outcome variables in the before-and-after study among workers with high BPc (n=29).

Changes from P0 to P2P0be, median (IQR)P0ad, median (IQR)Variables

P valuefMedian (95% CI)

Physical activity

.04+1056 (−651 to +2286)10,002 (8486-11,908)N/AhMean steps per dayg

.07+26 (−21 to +69)264 (243-331)N/AMean calories burned by activity (kcal per

day)i

Mean home BP (mm Hg)j

.07−3.3 (−9.8 to +2)132.3 (126.3-141.4)N/AMorning—systolick

.02−1.6 (−6.2 to +0.1)90.3 (82.3-95.3)N/AMorning—diastolick

.02−4.4 (−8.9 to +0.6)125.5 (117-136)N/ANight—systolick,l

<.001−2.4 (−5.8 to −0.9)79.6 (76.2-84.3)N/ANight—diastolick,l

Results of physical measurementm

.001−1.4 (−2.7 to −0.2)N/A66.8 (57.6-73.1)Body weight (kg)

.001−0.5 (−1.2 to −0.1)N/A23.7 (21.1-25.2)BMI (kg/m2)

.60−0.5 (−7 to +7)N/A56.5 (45-89)Visceral fat area (cm2)

Results of blood examinationm

.22+0.1 (0 to +0.1)5.4 (5.15-5.6)N/AHemoglobin A1c (%)

.16+2.5 (−1 to +6)88 (84-92.5)N/AFasting blood glucose (mg/dL)

.50−13 (−30 to +5)105 (59-144)N/ATriglycerides (mg/dL)n

.23+3 (0 to +7)63 (49-73)N/AHDLo cholesterol (mg/dL)n

.25−6 (−22 to +5)158 (130-186)N/ANon-HDL cholesterol (mg/dL)n

aP0: baseline.
bP2: the end of the intervention.
cBP: blood pressure.
dP0a: before the intervention.
eP0b: baseline system use period.
fAnalyzed using Wilcoxon signed rank test.
gA participant without measured data at P2 owing to accelerometer trouble was excluded (n=28).
hN/A: not applicable.
iOverall, 7% (2/29) of the participants without measured or valid data at P2 owing to accelerometer trouble were excluded (n=27).
jA participant who intensified their antihypertensive treatment after P1 was excluded (n=28).
kOverall, 7% (2/28) and 4% (1/28) of the participants without measured data at P2 for morning and night, respectively, were excluded (n=26 for morning,
n=27 for night).
lA participant without measured data at P0b was excluded (n=26).
mA participant was excluded because he had breakfast on the day of the measurement and blood tests at P2 (n=28).
nAn additional participant who started taking a cholesterol medication after P1 was excluded (n=27).
oHDL: high-density lipoprotein.

Secondary Outcomes
As is the case with steps per day, calories burned by activity
per day significantly increased only at P1b compared with P0b
(Tables 2 and 3). Home BP did not change significantly between
P0b and P1b (all P>.025); however, it decreased significantly
at P2b (all P<.025), except for systolic BP in the morning
(P=.07). Overall, 7% (2/29) of the participants reported decrease

in the dose of antihypertensive medications during system use.
Body weight and BMI decreased significantly at both P1a
(P<.001) and P2a (P=.001) compared with that at P0a; however,
VFA did not change significantly over time (both P>.025). The
median percentage decrease in body weight was 1.8% at P1a
and 2.1% at P2a. For metabolic outcomes, HDL cholesterol
increased significantly at P1a compared with that at P0b
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(P<.001); however, the change from P0b to P2a was not
significant (P=.23).

The median score of goal-related self-efficacy was 72.5% at
P0a (Table 4); the baseline score of 21% (6/29) of the
participants was 100%. Although it did not change between P0a
and P1a, it tended to increase at P2a compared with that at P0a
(P=.05), but this was not statistically significant. Self-efficacy
in walking behavior did not change over time. The total score
of self-regulation and scores for self-monitoring, goal setting,

reinforcements, and time management significantly increased
at both P1a and P2a (all P<.025); the score for relapse
prevention significantly increased only at P2a (P=.02). Scores
for most of the factors of self-management behavior significantly
increased at both P1a and P2a, except for selecting a suitable
place or time for physical activities and creating situations to
enhance active behavior. Items in “exercising to stimulate the
enjoyment of eating” are not recommended behaviors; however,
the corresponding score significantly increased at P1a (P=.005).

Table 4. Changes in antecedent factors of physical activity in the before-and-after study among workers with high blood pressure (n=29).a

Changes from P0a to P2adChanges from P0a to P1acP0ab, median (IQR)Variables

P valueeMedian (95% CI)P valueeMedian (95% CI)

Self-efficacy

.05+5 (−5 to +15).380 (−7.5 to +12.5)72.5 (63.8-92.5)Goal-related self-efficacy (%)f

.480 (−2 to +3).680 (−2 to +2)11 (8-16)Self-efficacy in walking behaviorg

Self-regulationh

<.001+4 (+3 to +13)<.001+5 (+2 to +10)20 (16-25)Total score

<.001+1 (+1 to +2)<.001+2 (+1 to +3)4 (2-5)Self-monitoring

<.001+2 (+1 to +3).002+1 (0 to +2)4 (2-4)Goal setting

.140 (0 to 0).090 (0 to 0)2 (2-2)Eliciting social support

<.001+1 (+1 to +2).005+1 (0 to +2)5 (4-6)Reinforcements

.0070 (0 to +2)<.001+1 (0 to +2)4 (2-5)Time management

.020 (0 to +2).110 (0 to +2)2 (2-4)Relapse prevention

Self-management behavior related to physical activity (range)i

<.001+2 (0 to +4)<.001+2 (+1 to +4)1 (0-5)Shopping (0-16)

<.001+1 (0 to +4).006+1 (0 to +3)4 (0-6)Household activities (0-16)

.004+1 (+1 to +3).002+2 (0 to +3)7 (5-9)Exertion (0-16)

<.001+2 (+1 to +4)<.001+2 (+1 to +4)6 (4-8)Commuting activities (0-16)

.05+1 (−1 to +4).18+1 (0 to +3)8 (6-10)Suitable place or time (0-20)

<.001+4 (+2 to +7)<.001+7 (+5 to +10)0 (0-5)Self-monitoring (0-12)

.007+1 (0 to +2).001+2 (+1 to +4)2 (0-5)Making a habit (0-12)

.180 (0 to +1).0050 (0 to +1)1 (0-3)Exercising for eating (0-8)

.002+1 (0 to +3).07+1 (0 to +2)2 (0-4)Creating situation (0-12)

aA participant who did not respond to the questionnaire at P1a was excluded (n=29).
bP0a: before the intervention.
cP1a: after 6 weeks of the intervention period.
dP2a: after the intervention.
eAnalyzed using Wilcoxon signed rank test.
fAverage of the self-efficacy in achieving 4 incremental step goals (6000; 8000; 10,000; and 12,000 steps per day; range 0-100). A participant with an
invalid response at P0a was excluded (n=28).
gMeasured using the self-efficacy scale for walking behavior (range 4-20). High score indicates high self-efficacy.
hMeasured using the Japanese version of the 12-item Physical Activity Self-Regulation scale (range 2-10 for each factor and range 12-60 for the total
score). High score indicates high frequency of self-regulation.
iMeasured using the evaluation scale for self-management behavior related to physical activity of type 2 diabetic patients. High score indicates high
frequency of self-management behavior.
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Adverse Events
The score of the body pain cluster did not change over time
(Table S7 in Multimedia Appendix 5). The item score of lower
limb pain (Table S8 in Multimedia Appendix 5) increased by
at least one point in 21% (7/33) of the participants at P1a and
19% (6/31) of the participants at P2a. A participant’s item score
was 3 points (“considerable pain”) at P1a and P2a (+1 point
from P0a). She took >15,000 steps per day during P0b and
further increased the steps per day at P1b.

A participant reported daytime sleepiness (at P1a and P2a) and
dizziness upon standing (at P1a) as negative changes in their
condition during system use. He attributed these symptoms to
his short sleeping hours. His home BP did not change between
P0b and P1b. In contrast, 15% (5/33) and 16% (5/31) of the
participants at each time point, respectively, reported positive
changes, such as their body feeling light.

Discussion

Principal Findings
We evaluated the preliminary efficacy, feasibility, and perceived
usefulness of the intervention using DialBetes Step, a novel
smartphone-based self-management system with personalized
goal-setting and feedback functions and information delivery
functions designed to increase step count among workers with
high BP. Participants rarely missed the measurement and
recording of data, and there was a low level of attrition. Despite
frequent problems with measurement and recording, the
system’s interface was rated as easier to use than that of the
original DialBeticsLite [15]. Participants increased their mean
steps per day along with engaging more frequently in
self-regulation and self-management behaviors related to
physical activity. Although the increase in steps per day
attenuated at P2b, BP and body weight decreased by the end of
the study. Intervention using DialBetes Step may be useful in
increasing the step count for a short period and improving
cardiovascular risk.

After using the new functions in DialBetes Step, most
participants increased their step count by >1000 steps per day,
an expected clinically meaningful change [51,63] at both P1b
and P2b. Previous reviews suggested significant effects of
activity trackers on step count and body weight, with moderate
certainty of evidence [80]. The median increases in this study
were less than those measured in behavior modification
interventions using pedometers (approximately 2000-2500 steps
per day on average) [63]. Previous studies showed negative
correlation between the increase in steps per day and baseline
steps [81,82]. Participants in our study were considered to be
physically active [63] at P0, and the post hoc subgroup analyses
supported these previous findings. Thus, their potential to
increase physical activity may have been lower than that of
sedentary people. Similarly, physical activity and daily step
count have seasonal variation, in that they tend to decrease in
winter [83]. Therefore, the increase from P0b (early November)
to P1b (late December) in this study is likely to be more
meaningful than the observed value.

Home BP decreased significantly only at P2b. BP is also subject
to seasonal variation, as it is highest in winter (middle to late
January in Japan) and lowest in summer [84]; the observed
changes in home BP in P1b might be underestimated. Of the
other biomedical outcomes, body weight, BMI, and HDL
cholesterol level improved significantly, even though the median
values at P0 were within the normal range. These improvements
were almost the same as or better than previous pedometer-based
interventions in which participants increased their step count
by 2183 steps per day and decreased systolic BP by 3.8 mm Hg,

diastolic BP by 0.3 mm Hg, and BMI by 0.38 kg/m2 from
baseline on average [81]. Most of the meta-analyses have
reported no statistically significant effect of walking on HDL
cholesterol [81,85-87]. The improvement in biomedical
outcomes in this study could be associated not only with the
increase in physical activity but also with changes in diet.

Most aspects of self-regulation were enhanced both at P1a and
P2a. It is possible that enhancement of self-regulation itself,
rather than the mediating effect of self-efficacy, may have led
to an increase in step count. Factors of the 12-item Physical
Activity Self-Regulation scale, except social support, correspond
with each function of DialBetes Step; for example, functions
of positive feedback, action planning, and barrier identification
and problem-solving were targeted for reinforcements, time
management, and relapse prevention, respectively. Previous
reviews revealed that interventions with a goal-setting
component had large effects on physical activity [70,81,88].
Although it is difficult to identify the active components of such
a complex intervention [17], our results including the subjective
usefulness of each function suggest that goal setting [89], weekly
feedback [90], and self-monitoring [31,89] were useful in
increasing step count.

Despite the significant increase in steps per day in the short-term
analysis, attenuation was observed at P2b. Even in weeks 21 to
22 before the long holidays, in which the increase was
statistically significant, the median change from P0b was less
than that during P1b. Previous studies often reported a trend
toward a slight decrease in step count after the peak around the
second or third month of interventions [66,91-94]. Self-efficacy
is reported to be a mediator for the effects of interventions on
physical activity [31], including future habituation [43]. Our
participants’ inability to maintain the increase in step count may
be attributed to the insufficient improvement in self-efficacy.
Action planning is reported to be significantly associated with
positive changes in self-efficacy [95,96]; however, our
participants’ rating of action planning was relatively low.
Moreover, interventions providing vicarious experience and
feedback by comparison with others’performance and the user’s
past performance produced large effects on self-efficacy [30].
It will be necessary to improve the action planning function and
add social functions in future versions of the system to enhance
users’ self-efficacy.

The results of adverse event assessment suggest a need for some
other improvement in the system. Despite no apparent adverse
effects caused by using DialBetes Step, a participant experienced
considerable pain in their lower limbs. Countermeasures against
the worsening of body pain should be implemented, such as
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periodic pain assessment and advising against increase in
physical activity when necessary. Another participant’s
symptoms caused by insufficient sleep indicated that the system
use was a burden on busy workers. The mean time spent in
using the system in this study was not different from that in our
previous study of the original DialBeticsLite [15]; participants
used most of their time for measurement and recording;
therefore, we should try shortening that time by using easy
recording platforms and minimizing difficulties.

To the best of our knowledge, there are few SCT-based mobile
apps designed to promote physical activity. We developed
original goal-setting algorithms that intended to enhance users’
self-efficacy by automatically suggesting incremental goals
tailored for each user. Our future exploration of the participants’
goal-setting processes might add new findings to the currently
limited evidence of appropriate step goals [97].

Limitations
This study has some limitations. First, participants in this study
were not consistent with the initially defined theoretical target
population of DialBetes Step. Despite an entry criterion of “not
walking enough in general,” most participants (21/30, 70%)
had already reached the national goal of steps per day [10] at
P0b. Although their self-reported frequencies of self-regulation
at P0a were lower than those of general workers across Japan
[76], they may have been physically active because of their
workplace and commuting environment where workers have
many opportunities to walk (ie, department store in metropolitan
Tokyo). Goal-related self-efficacy at P0a was also high;
therefore, the changes might have been underestimated because
of the ceiling effect. Although the post hoc subgroup analyses
suggested that less-active participants were more likely to
increase their steps per day for a short period, subsequent studies
should evaluate the effects of the system in sedentary people.

Second, the results of outcome evaluation might be biased for
various reasons. First, a few participants were lost to follow-up
or those without data were excluded from analyses. As a
previous review attributed the risk of bias partly to high levels
of attrition [98], we should consider a possibility that the positive
results were overestimated because the excluded participants
were likely to have low adherence to the intervention.

Nevertheless, we had a low level of attrition than previous
interventions [98], which is a strength of this study. Second,
measuring each outcome variable at a slightly different point
in time made it difficult to interpret the results. For example,
we had 2 time points (P0a or P0b) for baseline data collection;
however, we asked participants not to change their behavior,
and their steps per day did not change during P0b. We should
note that the participants’ status would be different, even in the
same period of outcome evaluation. Third, the intervention
included not only mHealth system use but also face-to-face
group sessions, which increased participants’ commitment to
and utility of human resources in health care. This might limit
the generalizability and scalability of the intervention.

Third, there might have been measurement errors in the
accelerometer used in this study, which was reported to be less
accurate in counting the number of steps than other frequently
used pedometers and accelerometers in research settings [99].
The accuracy of the accelerometer had been examined only
under controlled conditions using a treadmill at speeds between
70 and 120 m/min, not in uncontrolled environments [67]. The
accelerometer might not have counted an irregular gait in daily
activities precisely and might have counted hand movement as
steps.

Finally, we could not assess the change in the intensity of
walking. The intensity of physical activity is just as important
as the amount [100,101]. Physical activity and clinical guidelines
recommend moderate-intensity activity, such as moderate
walking [6,102]. In the future, a function to record the
parameters of walking intensity should be added for a more
comprehensive assessment of physical activity.

Conclusions
The intervention using DialBetes Step may be feasible and
useful for increasing workers’ step count through self-regulation
enhancement for a short period and, consequently, improving
their BP and BMI. However, without significant change in
self-efficacy, the increase in steps per day attenuated at the end
of 24-week intervention. Future studies should improve the
system with more self-efficacy–enhancing techniques and
evaluate the effectiveness of the SCT-based new functions
through a randomized controlled trial.
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65. Ishii H. Tōnyōbyō iryōgaku nyūmon : Kokoro to kōdō no gaidobukku. Tokyo, Japan: Igaku-shoin; 2011.
66. Richardson CR, Buis LR, Janney AW, Goodrich DE, Sen A, Hess ML, et al. An online community improves adherence in

an internet-mediated walking program. Part 1: results of a randomized controlled trial. J Med Internet Res 2010 Dec
17;12(4):e71 [FREE Full text] [doi: 10.2196/jmir.1338] [Medline: 21169160]

67. Takeshima N, Miyazaki K, Fujita E, Takumi Y, Takumi S, Tsutsuki A. 3 Jiku-shiki kasokudo-kei (mediwalk) ni yoru shintai
katsudo no ryo to shitsu sokutei no datosei to shinrai-sei. Kaigo fukushi kenko-dzukuri kenkyu 2017 Jan(3):11-18

JMIR Cardio 2023 | vol. 7 | e43940 | p. 18https://cardio.jmir.org/2023/1/e43940
(page number not for citation purposes)

Shibuta et alJMIR CARDIO

XSL•FO
RenderX

http://dx.doi.org/10.1037/a0030483
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23181455&dopt=Abstract
https://europepmc.org/abstract/MED/21838764
http://dx.doi.org/10.1111/j.1464-5491.2011.03415.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21838764&dopt=Abstract
https://bmcpublichealth.biomedcentral.com/articles/10.1186/1471-2458-10-669
http://dx.doi.org/10.1186/1471-2458-10-669
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21047432&dopt=Abstract
https://academic.oup.com/abm/article/46/1/81/4563254
http://dx.doi.org/10.1007/s12160-013-9486-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23512568&dopt=Abstract
https://healthyshasta.org/wp-content/uploads/Unorganized/100-Ways-to-Add-2000-Steps.pdf
https://healthyshasta.org/wp-content/uploads/Unorganized/100-Ways-to-Add-2000-Steps.pdf
https://www.nibiohn.go.jp/files/active2013-e.pdf
https://doi.org/10.1155/2012/831735
http://dx.doi.org/10.1155/2012/831735
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22619705&dopt=Abstract
http://dx.doi.org/10.2337/dc07-0685
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17644618&dopt=Abstract
https://europepmc.org/abstract/MED/24876569
http://dx.doi.org/10.1177/1932296814526495
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24876569&dopt=Abstract
http://dx.doi.org/10.1016/j.ypmed.2007.05.004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17599400&dopt=Abstract
http://dx.doi.org/10.1080/02701367.2004.10609143
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15209330&dopt=Abstract
http://dx.doi.org/10.1093/her/cyp042
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19654220&dopt=Abstract
http://dx.doi.org/10.1037//0003-066x.41.7.765
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=3527003&dopt=Abstract
https://academic.oup.com/pmj/article/80/943/287/7036190
http://dx.doi.org/10.1136/pgmj.2003.010553
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15138320&dopt=Abstract
http://joi.jlc.jst.go.jp/JST.JSTAGE/joh/45.15?from=PubMed
http://dx.doi.org/10.1539/joh.45.15
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=14605424&dopt=Abstract
https://www.tandfonline.com/doi/abs/10.1207/S15327841MPEE0504_01
http://dx.doi.org/10.1207/S15327841MPEE0504_01
https://www.jstage.jst.go.jp/article/jspfsm/58/5/58_5_507/_article/-char/ja/
http://dx.doi.org/10.7600/jspfsm.58.507
https://ijbnpa.biomedcentral.com/articles/10.1186/1479-5868-8-79
http://dx.doi.org/10.1186/1479-5868-8-79
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21798015&dopt=Abstract
https://dx.plos.org/10.1371/journal.pone.0190862
http://dx.doi.org/10.1371/journal.pone.0190862
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29315322&dopt=Abstract
https://www.jmir.org/2010/4/e71/
http://dx.doi.org/10.2196/jmir.1338
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21169160&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


68. Shiga T, Hamaguchi T, Oshima Y, Kanai H, Hirata M, Hosoda K, et al. A new simple measurement system of visceral fat
accumulation by bioelectrical impedance analysis. In: Proceedings of the World Congress 2009 for Medical Physics and
Biomedical Engineering. 2009 Presented at: WCMPBE '09; September 7-12, 2009; Munich, Germany p. 338-341 URL:
https://link.springer.com/chapter/10.1007/978-3-642-03885-3_94 [doi: 10.1007/978-3-642-03885-3_94]

69. Fukui T, Maruyama M, Yamauchi K, Miyamoto Y, Fukami T. Usefulness of measurement of visceral fat area by dual
impedance method and points for attention in interpretation of results - from viewpoint of diagnosis of metabolic syndrome
and early-stage atherosclerosis-. Ningen Dock 2012 Dec;27(4):719-728 [doi: 10.11320/ningendock.27.719]

70. McEwan D, Harden SM, Zumbo BD, Sylvester BD, Kaulius M, Ruissen GR, et al. The effectiveness of multi-component
goal setting interventions for changing physical activity behaviour: a systematic review and meta-analysis. Health Psychol
Rev 2016;10(1):67-88 [doi: 10.1080/17437199.2015.1104258] [Medline: 26445201]

71. Ewart CK, Taylor CB, Reese LB, DeBusk RF. Effects of early postmyocardial infarction exercise testing on self-perception
and subsequent physical activity. Am J Cardiol 1983 Apr;51(7):1076-1080 [doi: 10.1016/0002-9149(83)90348-x] [Medline:
6837450]

72. Oka K, Yamada S, Izawa K, Omiya K, Miyake F. Shinzo rihabiriteshon kanja ni okeru shintai katsudo serufu efikashi
shakudo no kaihatsu to sono hyoka. J Japanese Assoc Cardiac Rehabil 2002 May;7(1):172-177

73. Rosenkranz RR, Duncan MJ, Caperchione CM, Kolt GS, Vandelanotte C, Maeder AJ, et al. Validity of the stages of change
in steps instrument (SoC-Step) for achieving the physical activity goal of 10,000 steps per day. BMC Public Health 2015
Nov 30;15:1197 [FREE Full text] [doi: 10.1186/s12889-015-2539-y] [Medline: 26620188]

74. Yamawaki K, Harada K, Lee E, Oka K, Nakamura Y. Development of the stages of change and self-efficacy scales for
walking behavior: internet based cross-sectional study among 30-49 years Japanese adults. Jpn J Health Educ Promot
2009;17(2):87-96 [doi: 10.11260/kenkokyoiku.17.87]

75. Umstattd MR, Motl R, Wilcox S, Saunders R, Watford M. Measuring physical activity self-regulation strategies in older
adults. J Phys Act Health 2009;6 Suppl 1:S105-S112 [doi: 10.1123/jpah.6.s1.s105] [Medline: 19998856]

76. Watanabe K, Kawakami N, Adachi H, Inoue S, Meyer MR. Internal consistency, convergent validity, and structural validity
of the Japanese version of the physical activity self-regulation scale (PASR-12) among Japanese workers: a validation
study. J Occup Health 2017 Jan 24;59(1):24-32 [FREE Full text] [doi: 10.1539/joh.16-0143-OA] [Medline: 27885244]

77. Seichi A, Hoshino Y, Doi T, Akai M, Tobimatsu Y, Iwaya T. Development of a screening tool for risk of locomotive
syndrome in the elderly: the 25-question geriatric locomotive function scale. J Orthop Sci 2012 Mar;17(2):163-172 [doi:
10.1007/s00776-011-0193-5] [Medline: 22222445]

78. Faul F, Erdfelder E, Lang AG, Buchner A. G*Power 3: a flexible statistical power analysis program for the social, behavioral,
and biomedical sciences. Behav Res Methods 2007 May;39(2):175-191 [doi: 10.3758/bf03193146] [Medline: 17695343]

79. Base SAS® 9.3 procedures guide: statistical procedures. SAS Institute Inc. 2012. URL: http://support.sas.com/documentation/
cdl/en/procstat/65543/PDF/default/procstat.pdf [accessed 2023-04-05]

80. Motahari-Nezhad H, Al-Abdulkarim H, Fgaier M, Abid MM, Péntek M, Gulácsi L, et al. Digital biomarker-based
interventions: systematic review of systematic reviews. J Med Internet Res 2022 Dec 21;24(12):e41042 [FREE Full text]
[doi: 10.2196/41042] [Medline: 36542427]

81. Bravata DM, Smith-Spangler C, Sundaram V, Gienger AL, Lin N, Lewis R, et al. Using pedometers to increase physical
activity and improve health: a systematic review. JAMA 2007 Nov 21;298(19):2296-2304 [doi: 10.1001/jama.298.19.2296]
[Medline: 18029834]

82. Chan CB, Ryan DA, Tudor-Locke C. Health benefits of a pedometer-based physical activity intervention in sedentary
workers. Prev Med 2004 Dec;39(6):1215-1222 [doi: 10.1016/j.ypmed.2004.04.053] [Medline: 15539058]

83. Yasunaga A, Togo F, Watanabe E, Park H, Park S, Shephard RJ, et al. Sex, age, season, and habitual physical activity of
older Japanese: the Nakanojo study. J Aging Phys Act 2008 Jan;16(1):3-13 [doi: 10.1123/japa.16.1.3] [Medline: 18212390]

84. Hanazawa T, Asayama K, Watabe D, Hosaka M, Satoh M, Yasui D, et al. Seasonal variation in self-measured home blood
pressure among patients on antihypertensive medications: HOMED-BP study. Hypertens Res 2017 Mar;40(3):284-290
[doi: 10.1038/hr.2016.133] [Medline: 27682651]

85. Kelley GA, Kelley KS, Tran ZV. Walking, lipids, and lipoproteins: a meta-analysis of randomized controlled trials. Prev
Med 2004 May;38(5):651-661 [doi: 10.1016/j.ypmed.2003.12.012] [Medline: 15066369]

86. Murtagh EM, Nichols L, Mohammed MA, Holder R, Nevill AM, Murphy MH. The effect of walking on risk factors for
cardiovascular disease: an updated systematic review and meta-analysis of randomised control trials. Prev Med 2015
Mar;72:34-43 [FREE Full text] [doi: 10.1016/j.ypmed.2014.12.041] [Medline: 25579505]

87. Oja P, Kelly P, Murtagh EM, Murphy MH, Foster C, Titze S. Effects of frequency, intensity, duration and volume of
walking interventions on CVD risk factors: a systematic review and meta-regression analysis of randomised controlled
trials among inactive healthy adults. Br J Sports Med 2018 Jun;52(12):769-775 [doi: 10.1136/bjsports-2017-098558]
[Medline: 29858464]

88. Kang M, Marshall SJ, Barreira TV, Lee JO. Effect of pedometer-based physical activity interventions: a meta-analysis.
Res Q Exerc Sport 2009 Sep;80(3):648-655 [doi: 10.1080/02701367.2009.10599604] [Medline: 19791652]

JMIR Cardio 2023 | vol. 7 | e43940 | p. 19https://cardio.jmir.org/2023/1/e43940
(page number not for citation purposes)

Shibuta et alJMIR CARDIO

XSL•FO
RenderX

https://link.springer.com/chapter/10.1007/978-3-642-03885-3_94
http://dx.doi.org/10.1007/978-3-642-03885-3_94
http://dx.doi.org/10.11320/ningendock.27.719
http://dx.doi.org/10.1080/17437199.2015.1104258
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26445201&dopt=Abstract
http://dx.doi.org/10.1016/0002-9149(83)90348-x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=6837450&dopt=Abstract
https://bmcpublichealth.biomedcentral.com/articles/10.1186/s12889-015-2539-y
http://dx.doi.org/10.1186/s12889-015-2539-y
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26620188&dopt=Abstract
http://dx.doi.org/10.11260/kenkokyoiku.17.87
http://dx.doi.org/10.1123/jpah.6.s1.s105
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19998856&dopt=Abstract
https://dx.doi.org/10.1539/joh.16-0143-OA
http://dx.doi.org/10.1539/joh.16-0143-OA
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27885244&dopt=Abstract
http://dx.doi.org/10.1007/s00776-011-0193-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22222445&dopt=Abstract
http://dx.doi.org/10.3758/bf03193146
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17695343&dopt=Abstract
http://support.sas.com/documentation/cdl/en/procstat/65543/PDF/default/procstat.pdf
http://support.sas.com/documentation/cdl/en/procstat/65543/PDF/default/procstat.pdf
https://www.jmir.org/2022/12/e41042/
http://dx.doi.org/10.2196/41042
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36542427&dopt=Abstract
http://dx.doi.org/10.1001/jama.298.19.2296
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18029834&dopt=Abstract
http://dx.doi.org/10.1016/j.ypmed.2004.04.053
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15539058&dopt=Abstract
http://dx.doi.org/10.1123/japa.16.1.3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18212390&dopt=Abstract
http://dx.doi.org/10.1038/hr.2016.133
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27682651&dopt=Abstract
http://dx.doi.org/10.1016/j.ypmed.2003.12.012
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15066369&dopt=Abstract
https://core.ac.uk/reader/185482381?utm_source=linkout
http://dx.doi.org/10.1016/j.ypmed.2014.12.041
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25579505&dopt=Abstract
http://dx.doi.org/10.1136/bjsports-2017-098558
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29858464&dopt=Abstract
http://dx.doi.org/10.1080/02701367.2009.10599604
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19791652&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


89. Samdal GB, Eide GE, Barth T, Williams G, Meland E. Effective behaviour change techniques for physical activity and
healthy eating in overweight and obese adults; systematic review and meta-regression analyses. Int J Behav Nutr Phys Act
2017 Mar 28;14(1):42 [FREE Full text] [doi: 10.1186/s12966-017-0494-y] [Medline: 28351367]

90. O'Brien N, McDonald S, Araújo-Soares V, Lara J, Errington L, Godfrey A, et al. The features of interventions associated
with long-term effectiveness of physical activity interventions in adults aged 55-70 years: a systematic review and
meta-analysis. Health Psychol Rev 2015;9(4):417-433 [doi: 10.1080/17437199.2015.1012177] [Medline: 25689096]

91. Tudor-Locke C, Bell RC, Myers AM, Harris SB, Ecclestone NA, Lauzon N, et al. Controlled outcome evaluation of the
first step program: a daily physical activity intervention for individuals with type II diabetes. Int J Obes Relat Metab Disord
2004 Jan;28(1):113-119 [doi: 10.1038/sj.ijo.0802485] [Medline: 14569279]

92. Johnson ST, Bell GJ, McCargar LJ, Welsh RS, Bell RC. Improved cardiovascular health following a progressive walking
and dietary intervention for type 2 diabetes. Diabetes Obes Metab 2009 Sep;11(9):836-843 [doi:
10.1111/j.1463-1326.2009.01050.x] [Medline: 19614943]

93. Fukuoka Y, Gay CL, Joiner KL, Vittinghoff E. A novel diabetes prevention intervention using a mobile app: a randomized
controlled trial with overweight adults at risk. Am J Prev Med 2015 Aug;49(2):223-237 [FREE Full text] [doi:
10.1016/j.amepre.2015.01.003] [Medline: 26033349]

94. Korinek EV, Phatak SS, Martin CA, Freigoun MT, Rivera DE, Adams MA, et al. Adaptive step goals and rewards: a
longitudinal growth model of daily steps for a smartphone-based walking intervention. J Behav Med 2018 Feb;41(1):74-86
[doi: 10.1007/s10865-017-9878-3] [Medline: 28918547]

95. Williams SL, French DP. What are the most effective intervention techniques for changing physical activity self-efficacy
and physical activity behaviour--and are they the same? Health Educ Res 2011 Apr;26(2):308-322 [doi: 10.1093/her/cyr005]
[Medline: 21321008]

96. Olander EK, Fletcher H, Williams S, Atkinson L, Turner A, French DP. What are the most effective techniques in changing
obese individuals' physical activity self-efficacy and behaviour: a systematic review and meta-analysis. Int J Behav Nutr
Phys Act 2013 Mar 03;10:29 [FREE Full text] [doi: 10.1186/1479-5868-10-29] [Medline: 23452345]

97. Sporrel K, Nibbeling N, Wang S, Ettema D, Simons M. Unraveling mobile health exercise interventions for adults: scoping
review on the implementations and designs of persuasive strategies. JMIR Mhealth Uhealth 2021 Jan 18;9(1):e16282 [FREE
Full text] [doi: 10.2196/16282] [Medline: 33459598]

98. Freak-Poli RL, Cumpston M, Albarqouni L, Clemes SA, Peeters A. Workplace pedometer interventions for increasing
physical activity. Cochrane Database Syst Rev 2020 Jul 21;7(7):CD009209 [FREE Full text] [doi:
10.1002/14651858.CD009209.pub3] [Medline: 32700325]

99. Webber SC, Magill SM, Schafer JL, Wilson KC. GT3X+ accelerometer, Yamax pedometer and SC-StepMX pedometer
step count accuracy in community-dwelling older adults. J Aging Phys Act 2014 Jul;22(3):334-341 [doi:
10.1123/japa.2013-0002] [Medline: 23921227]

100. Tudor-Locke C, Schuna Jr JM, Han HO, Aguiar EJ, Green MA, Busa MA, et al. Step-based physical activity metrics and
cardiometabolic risk: NHANES 2005-2006. Med Sci Sports Exerc 2017 Feb;49(2):283-291 [FREE Full text] [doi:
10.1249/MSS.0000000000001100] [Medline: 27669450]

101. Lee LL, Watson MC, Mulvaney CA, Tsai C, Lo SF. The effect of walking intervention on blood pressure control: a
systematic review. Int J Nurs Stud 2010 Dec;47(12):1545-1561 [doi: 10.1016/j.ijnurstu.2010.08.008] [Medline: 20863494]

102. Global recommendations on physical activity for health. World Health Organization. Geneva, Switzerland: World Health
Organization; 2010 Jan 01. URL: https://www.who.int/publications/i/item/9789241599979 [accessed 2023-05-29]

Abbreviations
BP: blood pressure
CVD: cardiovascular disease
ES-SMBPA-2D: evaluation scale for self-management behavior related to physical activity of type 2 diabetic
patients
HDL: high-density lipoprotein
mHealth: mobile health
P0: baseline
P0a: before the intervention
P0b: baseline system use period
P1: around week 6
P1a: after 6 weeks of the intervention period
P1b: weeks 5 to 6
P2: the end of the intervention
P2a: after the intervention
P2b: weeks 23 to 24
SCT: Social Cognitive Theory

JMIR Cardio 2023 | vol. 7 | e43940 | p. 20https://cardio.jmir.org/2023/1/e43940
(page number not for citation purposes)

Shibuta et alJMIR CARDIO

XSL•FO
RenderX

https://ijbnpa.biomedcentral.com/articles/10.1186/s12966-017-0494-y
http://dx.doi.org/10.1186/s12966-017-0494-y
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28351367&dopt=Abstract
http://dx.doi.org/10.1080/17437199.2015.1012177
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25689096&dopt=Abstract
http://dx.doi.org/10.1038/sj.ijo.0802485
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=14569279&dopt=Abstract
http://dx.doi.org/10.1111/j.1463-1326.2009.01050.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19614943&dopt=Abstract
https://europepmc.org/abstract/MED/26033349
http://dx.doi.org/10.1016/j.amepre.2015.01.003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26033349&dopt=Abstract
http://dx.doi.org/10.1007/s10865-017-9878-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28918547&dopt=Abstract
http://dx.doi.org/10.1093/her/cyr005
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21321008&dopt=Abstract
https://ijbnpa.biomedcentral.com/articles/10.1186/1479-5868-10-29
http://dx.doi.org/10.1186/1479-5868-10-29
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23452345&dopt=Abstract
https://mhealth.jmir.org/2021/1/e16282/
https://mhealth.jmir.org/2021/1/e16282/
http://dx.doi.org/10.2196/16282
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33459598&dopt=Abstract
https://europepmc.org/abstract/MED/32700325
http://dx.doi.org/10.1002/14651858.CD009209.pub3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32700325&dopt=Abstract
http://dx.doi.org/10.1123/japa.2013-0002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23921227&dopt=Abstract
https://europepmc.org/abstract/MED/27669450
http://dx.doi.org/10.1249/MSS.0000000000001100
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27669450&dopt=Abstract
http://dx.doi.org/10.1016/j.ijnurstu.2010.08.008
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20863494&dopt=Abstract
https://www.who.int/publications/i/item/9789241599979
http://www.w3.org/Style/XSL
http://www.renderx.com/


VFA: visceral fat area

Edited by T Leung; submitted 02.11.22; peer-reviewed by Y Nakata, H Motahari-Nezhad; comments to author 16.02.23; revised
version received 16.03.23; accepted 31.03.23; published 21.07.23

Please cite as:
Shibuta T, Waki K, Miyake K, Igarashi A, Yamamoto-Mitani N, Sankoda A, Takeuchi Y, Sumitani M, Yamauchi T, Nangaku M, Ohe
K
Preliminary Efficacy, Feasibility, and Perceived Usefulness of a Smartphone-Based Self-Management System With Personalized Goal
Setting and Feedback to Increase Step Count Among Workers With High Blood Pressure: Before-and-After Study
JMIR Cardio 2023;7:e43940
URL: https://cardio.jmir.org/2023/1/e43940
doi: 10.2196/43940
PMID:

©Tomomi Shibuta, Kayo Waki, Kana Miyake, Ayumi Igarashi, Noriko Yamamoto-Mitani, Akiko Sankoda, Yoshinori Takeuchi,
Masahiko Sumitani, Toshimasa Yamauchi, Masaomi Nangaku, Kazuhiko Ohe. Originally published in JMIR Cardio
(https://cardio.jmir.org), 21.07.2023. This is an open-access article distributed under the terms of the Creative Commons Attribution
License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any
medium, provided the original work, first published in JMIR Cardio, is properly cited. The complete bibliographic information,
a link to the original publication on https://cardio.jmir.org, as well as this copyright and license information must be included.

JMIR Cardio 2023 | vol. 7 | e43940 | p. 21https://cardio.jmir.org/2023/1/e43940
(page number not for citation purposes)

Shibuta et alJMIR CARDIO

XSL•FO
RenderX

https://cardio.jmir.org/2023/1/e43940
http://dx.doi.org/10.2196/43940
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

