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Abstract

Background: Making lifestyle changes is an essential element of abdominal obesity (AO) reduction. To support lifestyle
modification and self-management, we developed an information and communication technology–based self-management
system—DialBeticsLite—with a fully automated dietary evaluation function for the treatment of AO.

Objective: The objective of this study was to evaluate the preliminary efficacy and feasibility of DialBeticsLite among Japanese
office workers with AO.

Methods: A 2- to 3-month prospective single-arm pilot intervention study was designed to assess the effects of the intervention
using DialBeticsLite. The information and communication technology system was composed of 4 modules: data transmission
(body weight, blood pressure, blood glucose, and pedometer count); data evaluation; exercise input; and food recording and
dietary evaluation. Eligible participants were workers who were aged ≥20 years and with AO (waist circumference ≥85 cm for
men and ≥90 cm for women). Physical parameters, blood tests, nutritional intake, and self-care behavior were compared at baseline
and after the intervention.

Results: A total of 48 participants provided completed data for analysis, which yielded a study retention rate of 100%. The
average age was 46.8 (SD 6.8) years, and 92% (44/48) of participants were male. The overall average measurement rate of
DialBeticsLite, calculated by dividing the number of days with at least one measurement by the number of days of the intervention,
was 98.6% (SD 3.4%). In total, 85% (41/48) of the participants reported that their participation in the study helped them to improve
their lifestyle. BMI, waist circumference, and visceral fat area decreased significantly after the intervention (P<.001). In addition,
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the daily calorie intake reduced significantly (P=.02). There was a significant improvement in self-care behavior in terms of
exercise and diet (P=.001).

Conclusions: Using DialBeticsLite was shown to be a feasible and potentially effective method for reducing AO by providing
users with a motivational framework to evaluate their lifestyle behaviors.

(JMIR Diabetes 2022;7(4):e40366) doi: 10.2196/40366
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Introduction

Background
Obesity is a global public health problem because of its high
prevalence and associated morbidity and mortality [1]. In
particular, abdominal obesity (AO), which is defined by
intra-abdominal fat deposition, is associated with an increased
risk of multiple chronic diseases such as cardiovascular disease,
atherosclerosis, and type 2 diabetes.

Evidence from preceding studies strongly supports the benefits
of lifestyle changes—diet and exercise—as effective means to
reduce AO [2-4]. However, behavioral interventions can be
difficult to achieve in wide-scale clinical practice because of
limited resources and inadequate professional support [5,6]. In
addition, it is often challenging to maintain obesity reduction
with behavioral lifestyle changes over a long period [7,8].

As such, interventions that use information and communication
technology (ICT) show great promise in terms of effectiveness
and scalability. Given that weight loss has been shown to
improve through the use of ICT interventions, the authors of
this study sought to investigate the utility of ICT tools as a
means of providing behavioral intervention to those with AO
[9,10]. We previously reported that the self-management ICT
system “DialBetics” improved glycemic control in patients with
type 2 diabetes [11]. The system was shown to be a feasible
and an effective tool for improving hemoglobin A1c (HbA1c)
by providing patients with real-time support based on their
measurements. Furthermore, we have developed the
self-management ICT system “DialBeticsLite” to provide a
similar approach to addressing AO. The upgrade from DialBetics
to DialBeticsLite includes fully automated instant calculation
and evaluative feedback on nutrient intake, which replaced the
manual calculation of nutritional values by dieticians, which
took 1 to 2 days. This intervention assists patients to practice
lifestyle self-management through daily self-monitoring of
blood pressure (BP), blood glucose, pedometer count, body
weight (BW), exercise, and diet.

Systematic reviews reported that the use of mobile health
(mHealth) showed a modest short-term effect on BW and BMI
in adults with obesity [12], and internet-based interventions
have a significant and promising effect on waist circumference
(WC) change [13]. Nevertheless, these studies did not further
investigate the effect of mHealth lifestyle interventions on
visceral fat area among the population with AO. Excess visceral
fat area is a well-known risk factor for the development of
diabetes mellitus and onset of cardiovascular disorders [14].

Goal of This Study
In this study, we performed a pilot study to test DialBeticsLite
in a population with AO. This study aimed to evaluate the effects
of a lifestyle intervention using ICT-based self-management
systems on physical and metabolic parameters, including
visceral fat area, as well as self-care behavioral parameters in
participants with AO.

Methods

Design
A prospective single-arm pilot study using the intervention
DialBeticsLite was conducted.

Ethics Approval
The study was approved by the institutional review board of
the Graduate School of Medicine, the University of Tokyo
(approval numbers: 3283-(10) and 11475) and was carried out
in accordance with the Declaration of Helsinki.

Participants
Japanese office workers who were aged ≥20 years; with AO
(WC ≥85 cm for men and ≥90 cm for women), which was
determined at routine health checkups held at work sites in the
year before this study; and willing to use the ICT system were
eligible for the study. The WC cutoff points were chosen based
on the recommendation of the Japanese Committee of the
Criteria for Metabolic Syndrome, which adopts cutoffs of WC
≥85 cm for men and ≥90 cm for women [15]. Those who
received any medications for the treatment of hypertension,
dyslipidemia, or diabetes were excluded. The applicants
provided written informed consent before study participation.
As literature that focuses on mHealth interventions for visceral
fat area reduction is scarce, we have no information on the effect
size for sample size calculation. Therefore, we recruited at least
55 patients as a suitable sample size for a pilot feasibility study
based on recommendations in the literature [16].

Interventions

Educational Group Session
Before using DialBeticsLite, the participants attended an
educational group session at the University of Tokyo Hospital.
The research team, consisting of nurses, diabetologists, and
dietitians, gave a 40-minute lecture about diet and exercise
therapy. The research team trained all the 48 participants in the
use of DialBeticsLite and ensured that they could use the app
and devices competently. The participants were college educated
and used cell phones for calls and SMS text message exchanges
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daily; none of them had difficulties in using DialBeticsLite and
measurement devices. They were allowed to contact the research
team if they encountered any issues during the use of the app
and devices.

Use of DialBeticsLite
The participants used DialBeticsLite for 2 or 3 months (61 days,
March 1 to April 30, 2017, for the participants from company
X and 93 days, May 22 to August 22, 2017, for those from
company Y). Both companies had different time availabilities
for study participation owing to unavoidable job circumstances.
The DialBeticsLite system is outlined in Figure 1.

At home, the participants measured their blood glucose, BP,
and BW upon waking in the morning and blood glucose and
BP at bedtime. They wore a pedometer and measured their
number of daily steps and the calories consumed during the
activity. Blood glucose was measured by the participants who
were willing to do so. The participants transferred measured
data from each device to the smartphone by near field
communication or Bluetooth; all data were sent to the server
directly following measurement, excluding pedometer counts,
which were sent at least once a day at bedtime.

The data were automatically evaluated according to the Japan
Diabetes Society guideline’s target values [17]: optimally,
glucose level below 110 mg/dL before breakfast and below 140

mg/dL at bedtime and BP below 125/75 mm Hg. The number
of daily steps was evaluated according to the Japanese official
physical activity guidelines for health promotion, with a target
of ≥8000 steps per day [18]. DialBeticsLite then determined
whether each reading satisfied the guidelines [17,18] and
immediately sent those results to each participant’s smartphone.

Dietary information (food names and quantity of each meal
with photos) and exercise information (type of exercise and its
duration) not counted by a pedometer were inputted by the
participants and sent to the server; specific advice on diet
modification was sent back to each participant immediately
after the input. The participants were provided with a set of
devices for the study: a smartphone (Galaxy Note3 SC-01F
[Samsung]), a Bluetooth-enabled BP monitor (HEM-7271T
[Omron]) and scale (HBF-255T [Omron]), a near field
communication–enabled glucometer (MS-FR201B [Terumo]),
and a pedometer (MT-KT02DZ [Terumo]).

The system triggered alerts if a participant recorded no data for
more than 3 days; the alerts could be checked on the
administrator screen. The nurse emailed (after 1 week of
inactivity) or called (after 2 weeks of inactivity), encouraging
the participants to restart measurements. If a participant recorded
no data (measured data, food, or exercise) for 3 weeks, we
designated the participant as a dropout.

Figure 1. Data transmission module, data evaluation module, exercise, and nutritional evaluation function of DialBeticsLite. NFC: near field
communication.
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Report From Health Care Providers
The participants received a specific feedback report from the
research team at the end of the study. The nurses and dietitians
of the study team drafted the Advice From Healthcare Providers
and physicians of the team reviewed and approved them before
distributing them to the participants. The report was based on
measured data, and recorded data were provided, including
measurement rates, target achievement rates, averages of
measured values, lifestyle evaluations, and suggestions for
further improvement (Multimedia Appendix 1).

Data Collection and Outcomes Measure

Total Measurement Rate, Food Recording Rate, and
Exercise Input Rate
We assessed the total measurement rate, food recording rate,
and exercise input rate of the DialBeticsLite users in this study.
The total measurement rate, measurement rate for each
parameter (blood glucose, BP, BW, and pedometer counts),
exercise input rate, and food recording rate were each calculated.
The total measurement rate was calculated by dividing the
number of days with at least one measurement by the number
of days of the intervention (ie, 61 or 93 days). Similarly, the
measurement rate for each parameter was calculated by dividing
the number of days on which that parameter was measured by
the total number of intervention days.

Changes in Physical and Metabolic Parameters
All participants underwent physical measurements and blood
tests at the time of the educational group session, which
immediately preceded the start of the study and happened after
2 or 3 months of the use of DialBeticsLite, by a trained nurse
or clinical laboratory technician, with the exception of BP. The
BP of the patients were measured at home at baseline and after
the intervention. The participants’ height, BW, BP, WC, and
visceral fat area were measured. Visceral fat area was measured
by differentiating visceral fat and abdominal subcutaneous fat
using dual bioelectrical impedance analysis, which measures
the bioelectrical impedance of the entire abdomen and its surface
with a dual current path [19] (DUALSCAN, HDS-2000 [Fukuda
Colin]). It has been reported that the estimation of visceral fat
area by dual bioelectrical impedance is significantly correlated
with that by the gold standard method measured by x-ray
computed tomography [20]. We calculated BMI from height
and BW. The blood test results included the levels of fasting
plasma glucose, HbA1c, total cholesterol, triglyceride, and
high-density lipoprotein cholesterol.

Changes in Behavioral Parameters
To assess the changes in nutritional intake, we asked the
participants to fill in a paper-based 7-day meal record at the
beginning of the study (within 2 weeks before the use of
DialBeticsLite) and the end of the study (within 1 month after
the use of the system). The participants recorded the ingredients
and their portion size for the food and drinks they consumed
for breakfast, lunch, dinner, and in between meal–snacks on a
record sheet. The researchers briefed the participants on the
correct filling of the dietary record before the study. Dietitians
calculated the nutritional intake (total energy [kcal],

carbohydrate [g], protein [g], lipid [g], dietary fiber [g], and salt
[g]) from the record.

The Japanese-Translated Summary of Diabetes Self-Care
Activities (J-SDSCA) measure was included in the
questionnaires at baseline and after the intervention to evaluate
changes in self-care behaviors [21]. We used only 2 subscales
of the J-SDSCA, namely diet and exercise. The J-SDSCA was
developed to assess self-care activities for patients with diabetes,
but because there is no standardized questionnaire to evaluate
self-care activities for people with AO, we used the J-SDSCA
for this study.

We compared the mean number of daily steps between the first
7 days and last 7 days of the DialBeticsLite use period. When
the participants recorded the number of steps ≥2 times on the
same day, the last recorded data were defined as the total number
of steps for that day.

Usability of DialBeticsLite
We conducted a usability survey for DialBeticsLite after the
intervention using the same questionnaire as that in the previous
DialBetics study [11]. After the intervention period, the research
team informed the participants to attend a wrap-up session in
the hospital and asked them to fill out a usability survey. There
were 15 statements in this survey, and each statement had a
“yes” or “no” option. The research team, which consisted of 1
endocrinologist, 1 cardiologist, 2 nurses, and 2 dieticians,
confirmed the face validity of the survey to investigate the
usability of DialBeticsLite.

Statistical Analysis
Data are presented as mean (SD) for parametric variables or
median (IQR) for nonparametric variables. Changes in physical
and metabolic parameters, the mean daily intake of energy and
each nutrient calculated from the 7-day meal record, and the
mean number of daily steps were compared using the paired,
2-tailed t test for parametric variables or the Wilcoxon
signed-rank test for nonparametric variables. Changes in the
J-SDSCA scores were compared using the Wilcoxon signed-rank
test. Changes in the level of AO were compared using the
McNemar test. P values of <.05 were considered statistically
significant. Statistical analyses were performed using SPSS for
Windows (version 25.0; IBM Corp).

Results

Overview
A total of 56 individuals from 2 companies participated in this
study. After completion of the study, we found that 8
participants had already received medication for hypertension,
dyslipidemia, or diabetes; they were excluded from the analyses
because they did not meet our eligibility criteria. Finally, 48
participants (n=18, 38% from company X and n=30, 62% from
company Y) were included in the analyses. There were no
dropouts.

The average participant age was 46.8 (SD 6.8; range 32-62)
years, and 92% (44/48) of participants were male. The median
WC was 95.0 (IQR 91.0-102.5) cm in men and 98.0 (IQR
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91.5-102.3) cm in women. The median visceral fat area was

112.0 (IQR 90.0-147.0) cm2.

Measurement and Recording Rates
The measurement rates are presented in Table 1. The total
measurement rate was 98.6% (SD 3.4%). Of the 48 participants,
32 (67%; n=18, 38% from company X and n=14, 29% from

company Y) measured blood glucose; the measurement rates
of blood glucose before breakfast and at bedtime were 84.5%
(SD 24.4%) and 74.4% (SD 27.1%), respectively. The
measurement rates of BP before breakfast and at bedtime were
83.9% (SD 20.7%) and 62.2% (SD 32.1%), respectively. The
measurement rates of BW, pedometer count, exercise input, and
food input were 90.8% (SD 10.7%), 91.1% (SD 16%), 12.5%
(SD 19.2%), and 88.5% (SD 20.1%), respectively (n=48).

Table 1. The measurement rate of each feature in DialBeticsLite.

Measurement rates (%), mean (SD)Variables

98.6 (3.4)The total measurement rate (n=48)

Blood glucose (n=32)

84.5 (24.4)Before breakfast

74.4 (27.1)At bedtime

Blood pressure (n=48)

83.9 (20.7)Before breakfast

62.2 (32.1)At bedtime

90.8 (10.7)Body weight (n=48)

91.1 (16.0)Pedometer count (n=48)

12.5 (19.2)Exercise input (n=48)

88.5 (20.1)Dietary record input (n=48)

Changes in Physical and Metabolic Parameters
Changes in the physical parameters between baseline and after
using DialBeticsLite are presented in Table 2. BW and median
BMI significantly decreased from 82.6 (SD 13.1) to 79.0 (SD
12.9) kg (P<.001) and 27.0 (IQR 25.5-31.1) to 26.3 (IQR

24.1-29.4) kg/m2 (P<.001), respectively. WC and visceral fat
area also significantly decreased from 95.0 (IQR 91.0-102.5)
to 91.7 (IQR 87.0-97.8) cm (P<.001) and from 112.0 (IQR

90.0-147.0) to 92.0 (IQR 68.3-113.8) cm2 (P<.001),
respectively. The prevalence of AO was significantly reduced

by 13% after using DialBeticsLite (before, n=48 vs after, n=42;
P=.03).

After using DialBeticsLite, the participants exhibited significant
reductions in systolic and diastolic BP, from 131.8 (SD 14.7)
to 126.6 (SD 14.3) mm Hg (P=.02) and from 88.1 (SD 11.5) to
84.7 (SD 10.2) mm Hg (P=.02), respectively. Fasting blood
glucose levels and HbA1c significantly declined from 90.0 (IQR
85.0-95.0) to 87.0 (IQR 80.3-93.5) mg/dL (P=.01) and from
5.6% (IQR 5.3%-5.8%) to 5.4% (IQR 5.2%-5.6%; P<.001),
respectively. Total cholesterol lowered from 215.5 (IQR
188.0-234.3) to 194.5 (IQR 175.5-218.0) mg/dL (P<.001).
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Table 2. Changes in physical parameters, blood pressure (BP), glucose, and lipid metabolism before and after the DialBeticsLite intervention.

P valuesMeasurements after the intervention (n=48)Baseline measurements (n=48)Variables

Physical parameters

<.001a79.0 (12.9)82.6 (13.1)Body weight (kg), mean (SD)

<.001b26.3 (24.1-29.4)27.0 (25.5-31.1)BMI (kg/m2), median (IQR)

<.001b91.7 (87.0-97.8)95.0 (91.0-102.5)Waist circumference (cm), median (IQR)

<.001b92.0 (68.3-113.8)112.0 (90.0-147.0)Visceral fat area (cm2), median (IQR)

Home BP (n=43)

.02a126.6 (14.3)131.8 (14.7)Systolic BP (mm Hg), mean (SD)

.02a84.7 (10.2)88.1 (11.5)Diastolic BP (mm Hg), mean (SD)

Glucose and lipid metabolism

.01b87.0 (80.3-93.5)90.0 (85.0-95.0)Fasting plasma glucose (mg/dL), median (IQR)

<.001b5.4 (5.2-5.6)5.6 (5.3-5.8)HbA1c
c (%), median (IQR)

<.001b194.5 (175.5-218.0)215.5 (188.0-234.3)Total cholesterol (mg/dL), median (IQR)

.23a48.9 (12.3)50.0 (11.3)HDLd cholesterol (mg/dL), mean (SD)

.06b110.5 (68.3-165.0)120.5 (78.3-215.3)Triglyceride (mg/dL), median (IQR)

aPaired, 2-tailed t test for parametric variables.
bWilcoxon signed-rank test for nonparametric variables.
cHbA1c: hemoglobin A1c.
dHDL: high-density lipoprotein.

Changes in Behavioral Parameters Between Baseline
Measurement and Postintervention Measurement
Changes in the nutritional intake based on the 7-day food records
are presented in Table 3. The daily energy intake significantly
declined from a median of 1953 (IQR 1790-2395) to 1877 (IQR
1690-2153) kcal (P=.02). The daily intake of protein and
carbohydrates significantly decreased from 71.4 (IQR 63.5-86.4)
to 66.4 (IQR 57.2-79.6) g (P=.002) and from 227.7 (IQR
198.4-277.6) to 216.3 (IQR 181.6-250.5) g (P=.03), respectively,
whereas no significant reduction was observed in the fat (P=.12)
or salt (P=.11) intake. The daily fiber intake significantly
declined from 14.2 (IQR 12.6-16.7) to 12.1 (IQR 10.8-13.9) g
(P=.001).

Changes in lifestyle based on the J-SDSCA are summarized in
Table 4. The number of days the participants ate >300 g of
vegetables significantly increased from 2.0 (IQR 1.0-3.0) to 4.0

(IQR 2.0-5.8) days per week (P<.001), whereas there was no
change in the number of days per week the participants ate
high-fat foods or the number of days per week their nutrient
intake was distributed evenly throughout the day (eg, eating 3
well-balanced meals). The number of days they did at least 30
minutes of physical activity, including walking, increased
significantly from 2.0 (IQR 1.0-3.0) to 3.0 (IQR 2.0-6.0) days
per week (P<.001). In addition, the number of days per week
they participated in a specific exercise session (such as
swimming, walking, or biking) significantly increased (P=.02).
As for the total scores, specific diet and exercise significantly
improved from 7.0 (IQR 5.0-9.0) to 8.0 (IQR 6.0-10.8; P=.01)
and from 2.5 (IQR 1.0-4.8) to 6.0 (IQR 3.0-7.0; P=.001),
respectively.

The mean number of daily steps underwent no significant change
between the first 7 days and last 7 days of using DialBeticsLite
(8074, SD 3522 to 8700, SD 4240 steps; P=.32).
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Table 3. Changes in the nutritional intake before and after the DialBeticsLite intervention.

P valuesaMeasurements after the intervention (n=47), median (IQR)Baseline measurements (n=47), median (IQR)

.021877 (1690-2153)1953 (1790-2395)Energy (kcal/day)

.00266.4 (57.2-79.6)71.4 (63.5-86.4)Protein (g/day)

.1266.6 (54.7-80.7)72.2 (58.6-91.8)Lipid (g/day)

.03216.3 (181.6-250.5)227.7 (198.4-277.6)Carbohydrate (g/day)

.00112.1 (10.8-13.9)14.2 (12.6-16.7)Dietary fiber (g/day)

.119.3 (8.5-10.4)10.0 (8.4-11.5)Salt intake (g/day)

aWilcoxon signed-rank test for nonparametric variables.

Table 4. Changes in the J-SDSCAa score before and after the DialBeticsLite intervention.

P valuesbMeasurements after using
DialBeticsLite (n=48), medi-
an (IQR)

Baseline measurements (n=48),
median (IQR)

Questions

Specific diet

<.0014.0 (2.0-5.8)2.0 (1.0-3.0)On how many of the last 7 days did you eat approximately >300 g
vegetables? (days per week)

.222.5 (2.0-4.0)3.0 (2.0-4.0)On how many of the last 7 days did you eat high-fat foods such as
red meat or full-fat dairy products? (days per week)

.231.0 (0.0-3.0)0.0 (0.0-2.75)On how many of the last 7 days did you distribute all nutrients evenly
through the day? (days per week)

.018.0 (6.0-10.8)7.0 (5.0-9.0)Total score

Exercise

<.0013.0 (2.0-6.0)2.0 (1.0-3.0)On how many of the last 7 days did you participate in at least 30
minutes of physical activity? (total minutes of continuous activity,
including walking; days per week)

.021.5 (0.0-3.0)1.0 (0.0-2.0)On how many of the last 7 days did you participate in a specific exer-
cise session (such as swimming, walking, or biking) other than what
you do around the house or as part of your work? (days per week)

.0016.0 (3.0-7.0)2.5 (1.0-4.8)Total score

aJ-SDSCA: Japanese-Translated Summary of Diabetes Self-Care Activities.
bWilcoxon signed-rank test for nonparametric variables.

Comparison of the Outcomes Between the 2 Companies
The use period of the system was different between the 2
companies; however, the reductions in BW (−3.9% for company
X, 95% CI −7.7% to −1.5% vs −2.6% for company Y, 95% CI
−7.3% to −0.9%); WC (−5.3% for company X, SD 4.6% vs
−3.3% for company Y, SD 5.3%); and visceral fat area (−20.9%
for company X, SD 14.2% vs −13.6% for company Y, SD 24%)
at the end of the intervention were greater, although not
significantly so, in company X (P=.46). The measurement rates
of blood glucose before breakfast (88.1%, SD 25.8% for
company X and 79.4%, SD 27.8% for company Y; P=.37);
blood glucose at bedtime (81.6%, SD 24.3% for company X
and 65.9%, SD 29.6% for company Y; P=.11); BW (97.2%,
SD 4.9% for company X and 90.2%, SD 11% for company Y;
P=.004); BP before breakfast (91.3%, SD 21.3% for company
X and 82.9%, SD 17.8% for company Y; P=.15); BP at bedtime

(80%, SD 24.1% for company X and 54.4%, SD 32% for
company Y; P=.005); and daily steps (93.5%, SD 13% for
company X and 91.3%, SD 17.9% for company Y; P=.66) were
higher, especially for BW, among the participants from company
X than among those from company Y in the first 2 months of
the study.

Usability of DialBeticsLite
The results of the usability survey are summarized in Table 5.
The results showed that 85% (41/48) of the participants felt that
using DialBeticsLite had improved their lifestyle and
self-management skills. In total, 88% (42/48) of the participants
responded that using the system and improving their lifestyle
gave them a sense of security. On average, the participants spent
15.7 minutes per day using the system, and 88% (42/48) of them
reported that the system was worth using for the amount of time
they spent.
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Table 5. Usability survey results.

ResponseStatement or question

Others, mean (SD)Yes, n (%)

N/Aa24 (75)1. I used the blood sugar monitor with no problem. (n=32)

N/A47 (98)2. I used the sphygmomanometer with no problem. (n=48)

N/A44 (92)3. I used the pedometer with no problem. (n=48)

N/A21 (45)4. The interface of the system was easy to use. (n=47)

N/A45 (96)5. The instructions were easy to understand. (n=47)

N/A7 (15)6. The devices caused me physical discomfort. (n=48)

N/A19 (40)7. It was difficult to incorporate the system into daily practice. (n=48)

N/A22 (51)8. Any technical problems were resolved within 24 hours. (n=43)

N/A42 (88)9. Using the system and improving my lifestyle gave me a sense of security. (n=48)

N/A18 (39)10. I found the advice from the system useful. (n=46)

N/A41 (85)11. Participation in the study helped me to improve my lifestyle and self-management skills. (n=48)

N/A13 (27)12. Using the system took too much of my time. (n=48)

N/A13 (27)13. Using the system caused me some problems. (n=48)

15.7 (8.0)N/A14. How much time did you spend using the system? (minutes; n=48)

N/A42 (88)15. Is the system worth using for the time you spent? (n=48)

aN/A: not applicable.

Discussion

Principal Findings
The intervention using the ICT-based self-management system
“DialBeticsLite” to support participants with AO yielded high
continuous measurement rates, and 88% (42/48) of the
participants reported that the system was worth using for the
time they spent, demonstrating that DialBeticsLite is a feasible
AO treatment solution (Table 5). After the intervention, which
consisted of the initial 40-minute educational session and 2 to
3 months of use of DialBeticsLite, BW, BMI, WC, visceral fat
area, systolic BP, and diastolic BP all improved (Table 2). The
prevalence of AO reduced by 13% (6/42) in this sample (P=.03).

To the best of our knowledge, this is the first study to document
the effects of a lifestyle intervention using an ICT-based
self-management system on several parameters, including
visceral fat area, in participants with AO. Previous studies have
examined the effects of ICT-based systems in patients with
obesity but focused on body mass without collecting data on
body composition, such as visceral fat area [9,10]. Our results,
which showed decreases in BW mediated by an ICT-based
self-management system, are consistent with previous studies
in patients with obesity, which showed a 1.9 to 4.8 kg decrease
in BW or >5% reduction in the initial BW using other
intervention methods for 3 months, such as internet-based
programs [9,10]. In addition to decreases in BW, visceral fat
area decreased significantly in this study, suggesting that a
decrease in visceral fat area contributed to a decrease in BW.
The daily energy intake also decreased, and the total score for
diet as measured by the J-SDSCA increased significantly; it is
presumed that the decrease in daily energy intake led to the loss

of BW, BMI, WC, and visceral fat area. Greater reductions in
BW, WC, and visceral fat area among participants from
company X than in those from company Y may be attributed
to the higher measurement rates in company X. Even though
the HbA1c levels of the participants were within the normal
range at the study onset, HbA1c was further reduced significantly
after the intervention by 0.2%. This can be attributed to the
overall effect of lifestyle changes and daily blood glucose
monitoring supported by DialBeticsLite. DialBeticsLite
incorporated feedback and monitoring as a behavior change
technique, and a study had proven that automated personalized
feedback through mHealth leads to lifestyle behavior change
[22].

The measurement rates remained high over the study period
(Table 1) compared with the previously reported studies in
which ICT-based systems were introduced without any in-person
interaction. Our previous study that was conducted entirely
remotely using a self-management smartphone app for patients
with type 2 diabetes and prediabetes showed a rapid decline in
retention rates in the absence of intervention by medical
professionals [23]. In this study, the in-person educational
session on ICT system use by our research team for the study
participants at baseline and reminders from our research team
prompting participants to resume measurement when they
stopped measurement for more than a week may have helped
maintain better measurement and recording rates in this study.
Relationships with health care providers have been shown to
increase patients’ willingness to achieve goals [24], and our
study showed that real-time feedback from the app coupled with
targeted support from health care providers for patients who are
prone to disengage from the use of mHealth is feasible, which
leads to improved lifestyle habits and clinical outcomes. In
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addition, the recruitment of company employees may have
created a sense of obligation among participants to complete
the study, resulting in a better retention rate. Nevertheless, the
short study duration in this study did not permit investigation
of long-term retention and engagement with the intervention.
To boost scalability to a wider network of users and reduce the
burden on health care providers, unsupported mHealth may be
necessary, which warrants the need to explore options of
human-like features and experiences in the mHealth
intervention, such as the use of chatbot and web-based coach
[25].

The present findings regarding dietary intake suggest that more
personalized feedback is necessary to improve the diet. The
daily dietary fiber intake declined significantly (Table 3),
presumably because of the decrease in the total dietary intake.
Given that previous national health and nutrition examination
surveys reported that the intake of dietary fiber declined along
with decreased total energy intake [26], it is difficult to increase
the intake of fiber under restricted total energy intake. In
addition, the daily salt intake of the study participants was 9.3
g per day after the intervention (Table 3), which is still very
high compared with the recommendation of a maximum intake
of 6 g per day for adults by the Japanese Society of Hypertension
[27]. Providing meaningful information to the users through
the intervention about salt or dietary fiber intake is expected to
increase their awareness of these detrimental behaviors. The
current intervention provides the same automated feedback to
the users regardless of their understanding of the intake levels
and dietary sources of each nutrient. Therefore, the improvement
of automatic feedback such that it is tailored to match the levels
of each user’s knowledge and interest in diet and nutrition
should be considered in the future.

Limitations
Several limitations to the present findings have to be considered.
First, this was a small pilot study with 48 participants with the
mean age of 46.8 (SD 6.8; range 32-62) years, and most
participants were male (n=44, 92%). The gender distribution
corresponded to the prevalence of metabolic syndrome according
to the criteria set by the Japanese Committee of the Criteria for
Metabolic Syndrome, which is significantly higher in men than
in women (12.1% vs 1.7%) [28]. Moreover, the higher affinity
for ICT use among men may have partly contributed to the
gender disparity in our study population [29].

Second, the duration of intervention by the system was short
(61 and 93 days); therefore, we were unable to assess the

long-term effects and use patterns of the system. Third, in this
study, it was not possible to determine whether the
improvements in physical parameters such as BW, BMI, WC,
visceral fat area, and systolic and diastolic BP were the effects
of “DialBeticsLite” itself; the educational session at baseline
might have affected the subjects’ behavior. Nevertheless, given
the fact that all participants reported being motivated by the
sense of security using the system imparted, there is a strong
possibility that using the system raised their awareness of newer
methods of self-management based on ICT.

As data from 2 groups (participants from company X and those
from company Y) were collected from different periods and
seasons, there is a possibility of bias, as the frequency of walking
activities varied according to the outdoor temperature (step
counts) and seasonal variation may influence BP and dietary
intake. This was unavoidable, as both companies had different
time availabilities to participate in the study owing to different
job natures.

We also could not avoid potential recall bias and input of
socially acceptable information when participants self-reported
their dietary record; nevertheless, we tried to reduce the bias by
instructing patients to report their diet immediately after each
meal. At the time of the study, no validated questionnaire was
available in the literature to test the usability of this mHealth
app, and we sought to reduce the bias by establishing the face
validity of the questionnaire.

Finally, this study adopted a pre-post study design, which may
be subject to other confounders; thus, the results should be
interpreted with caution. The participants were those who were
willing to participate in the study and were not randomly chosen.
Considering these limitations, the study findings must be
validated in a larger randomized controlled trial with a longer
duration, and we are currently conducting a randomized
controlled trial to examine whether DialBeticsLite is effective
in improving parameters related to metabolic syndromes.

Conclusions
In conclusion, DialBeticsLite was shown to be a feasible and
potentially effective tool for improving AO by providing patients
with real-time support based on their measurements and inputs
of BW, BP, pedometer count, blood glucose, exercise, and
dietary intake. Preliminary findings showed that DialBeticsLite
significantly reduced the BW, BMI, WC, and visceral fat area
of patients with AO. A larger randomized controlled trial with
a longer duration to further validate these findings is in progress.
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