JMIR MHEALTH AND UHEALTH Ohetal

Original Paper

The Effectiveness of Mobile Phone-Based Care for Weight Control
in Metabolic Syndrome Patients: Randomized Controlled Trial

Bumjo Oh', MD, MPH; Belong Cho***, MD, PhD; Min Kyu Han?, MD, MPH; Hochun Choi?, MD, MPH; Mi Na
Lee’, MD; Hee-Cheol Kang®, MD, PhD; Chang Hee Lee®, MS; Heeseong Yun®, BA; Youngho Kim®, PhD

1SMG-SNU Boramae Medical Center, Department of Family Medicine & Center for Health Promotion, Seoul, Republic Of Korea
2Seoul National University Hospital, Department of Family Medicine, Seoul, Republic Of Korea

SAdvanced Ingtitutes of Convergence Technology, Seoul National University, Suwon-si, Republic Of Korea

4 nstitute on Adging, Seoul National University College of Medicine, Seoul, Republic Of Korea

SSeverance Hospital, Department of Family Medicine, Seoul, Republic Of Korea

8LG Electronics, Future IT R&D Lab, Seoul, Republic Of Korea

Corresponding Author:

Belong Cho, MD, PhD

Seoul National University Hospital
Department of Family Medicine
101 Daehak-Ro Jongno-Gu

Seoul, 110-744

Republic Of Korea

Phone: 82 10 9865 2195

Fax: 82 2 766 3276

Email: belong@snu.ac.kr

Abstract

Background: Overweight and obesity, dueto aWesternized diet and lack of exercise, are serious global problemsthat negatively
affect not only personal health, but national economies as well. To solve these problems, preventative-based approaches should
be taken rather than medical treatments after the occurrence of disease. The improvement of individua life habits, through
continuous care, isthus a paramount, long-term treatment goal. This study describes the effects of ubiquitous health care (uHealth
care) or SmartCare servicesin the treatment of weight loss and obesity.

Objective: Theaim of thisstudy isto evaluate the effect of SmartCare services on weight loss compared to the effects of existing
outpatient treatments in obese patients with metabolic syndrome.

Methods: Metabolic syndrome patients who met the inclusion/exclusion criteria were enrolled in the study and randomized
into an intervention or control group. The intervention group was provided with remote monitoring and health care servicesin
addition to the existing treatment. The control group was provided with only the existing treatment. Pedometers were given to
all of the patients. Additionally, mobile phones and body composition monitors were provided to the intervention group while
body weight scaleswere provided to the control group. The patients visited the hospitalsat 12 and 24 weeksfollowing the baseline
examination to receive efficacy and safety evaluations.

Results: Mean weight reduction from baseline to week 24 was measured as a primary efficacy evaluation parameter and was
found to be 2.21 kg (SD 3.60) and 0.77 kg (SD 2.77) in the intervention and control group, respectively. The intervention group
had alarger decrement compared to the control group (P<.001). Among the secondary efficacy evaluation parameters, body mass
index (BMI) (P<.001), body fat rate (P=.001), decrement of waist measurement (P<.001), and diet habit (P=.012) improvement
ratings from baseline to week 24 were found to be superior in the intervention group compared with the control group. The
proportion of patients whose body weight decreased by 210%, lipid profiles, blood pressure, prevalence of metabolic syndrome,
change in the number of metabolic syndrome elements, smoking rate, drinking rate, and physical activity were not statistically
significant between the groups.

Conclusions: Theefficacy of SmartCare services was confirmed asthe intervention group that received both SmartCare services
and the existing treatment had superior results compared with the control group that only received the existing treatment.
Importantly, no specific problems with respect to safety concerns were observed. SmartCare service is thus an effective way to
control the weight of obese patients with metabolic syndrome.
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Introduction

Obesity increases the prevalence of diabetes mellitus type 2,
metabolic syndrome, cardiovascular diseases, and the mortality
rate [1]. Metabolic syndrome is a condition in which various
cardiovascular and metabolic risk factors are simultaneously
present because of insulin resistance, obesity, and other factors,
causing cardiovascul ar diseases, the main causes of death [2,3].
The specific cause of metabolic syndrome is unknown, but it
isimportant to control body weight because obesity and insulin
resistance are suspected to be fundamental causes [4,5].
Furthermore, asubstantial amount of research has reported that
the occurrence of diabetes or macroangiopathy, acomplication
of diabetes, can be reduced by actively losing weight at the
beginning of the disease, reinforcing theimportance of reducing
body weight and body fat through life habit improvements [2].
Obesity has been reported as the most important factor
associated with metabolic syndrome. Therefore, it is necessary
to recognize obesity as an individual disease and to treat it as
such [6]. In 2014, the World Health Organization (WHO)
reported that more than 1.9 billion adults, 18 years and older,
were overweight. Of those, over 600 million were obese.
Worldwide, the proportion of adults with a body mass index

(BMI) of 225 kg/m? increased between 1980 and 2013 from
28.8% to 36.9% in men, and from 29.8% to 38.0% in women
[7]. According to the Korea National Health and Nutrition
Examination Survey (KNHANES), a domestic epidemiologic
survey performed by the Ministry of Health and Welfare,
national obesity prevalence increased from 26.9% in 1998 to
32.0%in 2011 [8].

With the population aging and standards of living increasing,
interest in personal health is on the rise. With respect to the
advent of a ubiquitous eraof advanced information technol ogy,
thefield of ubiquitous health (uHealth) care, whereinformation
technology is combined with medical technology, isconsidered
to be the new high-value industry of the future. uHealth care
refers to the medical service that provides disease prevention,
diagnosis, treatment, and care anytime and anywhere without
physically visiting a hospital. In contrast to current medical
concepts, which emphasize care and treatment after the onset
of disease, uHealth care, a ong with the advancement of modern
medicine, hasthe potential to discover and treat diseasesin their
early phases through pre-diagnosis and prevention [9]. Thus,
uHealth careis devel oping into abroad concept with long-term
sustainability for healthy living dueto theimproved quality and
efficiency of medical services.

To prevent and control obesity, an exercise and diet intervention
is necessary. Among a number of intervention strategies, a
comprehensive body weight control strategy conducted on entire
populations is effective in reducing medical costs and the
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economic burden of obesity [5,10-13]. Attempts to manage
exercise and diet intake, the two key goals for weight loss, in
real-time have been performed with limited means through
phone, email, and short message service (SMS) text messaging
[14-16]. However, as mobile phones became more prevalent
and apps with concepts from uHealth care were introduced,
studies were conducted that continued to develop and evaluate
the efficacy of mobile phone-based apps [17-20].

This clinical trial was planned as a multicenter, randomized,
parallel, and open-label study to evaluate the effect of uHealth
care service (hereinafter referred to as SmartCare) on weight
loss in obese patients with metabolic syndrome. A 24-week
randomized controlled trial was conducted to determine whether
SmartCare would be more effective in treating metabolic
syndrome compared with the standard care in the hospital.

Methods

Recruitment

Of the male and female subjects aged =20 who visited one of
the two general hospitals (Seoul National University Hospital
and Severance Hospital) in Seoul, obese patients with metabolic

syndrome were recruited. Thosewhose BMI was =25 kg/m?and
who met at |east 3 of the 5 following requirementswere defined
to have metabolic syndrome and were recruited as a subject in
thistrial.

According to the Adult Treatment Panel (ATP) I11 criteriausing
waist circumference cut-off modificationsfor Asian populations
as suggested by the Asia-Pacific guidelineg21], metabolic
syndromeisdefined ashaving at |east 3 of thefollowing factors
(1) central obesity (waist circumference =90 cm in men and
>80 cminwomen), (2) hypertriglyceridemia(triglyceride (TG)
=150 mg/dL), (3) high-density lipoprotein cholesterol (HDL-C)
<40 mg/dL in men and <50 mg/dL inwomen, (4) hypertension
(blood pressure =130/85 mmHg or taking antihypertensive
medication), and (5) hyperglycemia (fasting plasma glucose
(FPG) 2100 mg/dL or taking antidiabetic medication).

The WHO Regional Office for the Asia Pacific Region
recommends defining obesity in Asians asthose with aBMI of

>25 kg/m?. The Korean Society for the Study of Obesity also
studied the cutoff of BMI for obesity-related disease [22] and
adopted the WHO-recommended definition. Now, Korean
government organizations officialy use this definition when
defining and implementing health policies regarding obesity in
Korea

Subjectstaking thyroid hormone or anti-obesity medicine, which
can affect weight, insulin-dependent diabetes, patientswith liver
function abnormality (liver somatic index >3 times the normal
maximum level) or renal function impairment (creatinine level
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>1.5 times the normal maximum level), pregnant women, and
inpatients were excluded from this study.

Subjects were recruited through installing institutional review
board- (IRB-) approved banners, posters, and leaflets in the
hospital lobby. Asan incentivefor the registered test participants
(both intervention and comparison groups), al expenses for
medical treatment, medicine, transportation, and communication
(mobile phones) were provided from the national project budget.

Eligible participants were assigned to the 2 groups with equal
probability according to a randomization code. The
randomization code was prepared by a block randomization
method stratified (according to the enrolling clinical centre) by
a statistician in a clinical trial centre (C& R Research, Seoul,
South Korea). This study was an open labelled trial, blinding
was not done.

The Ingtitutional Review Board of Seoul National University
Hospital approved this study (IRB number: h-1009-095-333).

I ntervention Group

Mobile phones for remote monitoring, body composition
monitors (InBody IH-U070B) and pedometers were provided
to the subjects assigned to the intervention group. Each subject
measured his or her own body weight and body composition
using the provided body composition monitor at the same time
every day if possible (a minimum of 3 times per week), and
before breakfast after waking up. After measuring the relevant
values with the body composition monitor, the transmission

Figure 1. Examples of the SmartCare app.
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terminal (Bluetooth) of the remote monitoring device,
juxtaposed near the transmission terminal of the mobile phone
transmitted the measurement data to the central server in the
SmartCare center via a wireless network. Each subject carried
apedometer from the time they woke up until they went to bed.
The activity level, indicated as the number of steps taken, was
checked at the same time every day, if possible, and entered
into the mobile phone (inputting before bed was recommended).
Then, the entered data were automatically transmitted to the
central server inthe SmartCare center. Physicians or healthcare
personnel at the SmartCare center could retrieve the hospital
admission information, treatment records, name of diagnosed
diseases, diagnostic examinations and functional test results,
and prescription information of the test subjects by connecting
to the hospital information system with the consent of the
subjects. The central server inthe SmartCare center transmitted
the feedback based on the measured body weight and body
composition to the mobile phones of the subjects according to
the algorithm of the clinical decision support system (CDSS).
The subjects were able to immediately check the interpretations
and recommendations based on their measured values through
their mobile phones (Figure 1). The educated consultants (nurse,
exercise prescriber, and clinical dietitian) in the SmartCare
center provided various health consultations through the
patients' telephone inquiries concerning disease management,
health education, recommended exercise, medication, and proper
nutrition. Also, monthly and weekly health reports based on the
individual patient’s measured values and life habit records were
sent directly to the patients through the SmartCare system.
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Comparison Group

Body weight scales and pedometers were provided to the
subjects assigned to the control group. Body weight journals
were distributed to the subjects, and each subject self-measured
and recorded his/her daily weight and waist size (a minimum
of 3 times per week) at the same time (before breakfast) using
waist circumference. Also, they wore a pedometer during daily
activities, which started from the time of waking up in the
morning until bedtime in the evening. They were instructed to
check and record their daily walking amount on the record sheet
just before sleep.

Additionally, the subjects in the control group visited the
hospitals on the same schedul e asthat of the intervention group
and received anthropometry, consultationswith physicians, and
information about their nutrition and exercise.

Study Design

The subjects who met the exclusion criteria and were excluded
from the trial included diabetic patients receiving treatment,
patients with diseases that might affect body weight, or those
who continued to take prescribed medications. The selected
subjects were randomized into a control group that received
basicinformation on increasing physical activity and controlling
diet habits, or an intervention group that received remote

Figure 2. Study flowchart and design.
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When screening was performed, the demographic information
(age, gender, smoking, drinking, and others), medical history,
and medication history of the subjects were investigated and
recorded. Additionally, an electrocardiogram (ECG) was
performed at the screening visit after resting for at least 5
minutes. When clinically significant test results were observed,
the investigator determined whether to enroll the subject in the
experiment.

Thelaboratory testswere conducted at screening, baseline, week
12, and week 24, and the testsincluded alanine aminotransferase
(ALT), aspartate aminotransferase (AST), creatinine, lipid
profile (total cholesterol, HDL-C, and TG), fasting blood sugar
(FBS), and baseline glycosylated hemoglobin (HbALc).
However, ALT, AST, and creatinine tests were performed only
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monitoring and uHealth care service (SmartCare) in addition
to the existing treatment. Pedometers were given to all of the
patients. Additionally, mabile phones and body composition
monitors were provided to the intervention group, and body
weight scales were provided to the control group.

The equipment (mobile phones, weight scales, and pedometers)
were provided to the patients for free through the fund for the
national project.

The subjects were asked to visit the hospitals 4 times during
the 24-week period. Except when screening was performed,
their body weight, body composition, and blood pressure were
checked. A hematology test was performed and changesin their
life habits (eg, diet intake and physical activity) were checked
3 times during the test period; once on the date the subjects
were randomized, onceinweek 12, and oncein week 24 (Figure
2).

Analysis consisted of 2 group sets: intention-to-treat (ITT) and
per protocol (PP). TheITT set included all of the subjectswho
were enrolled in this clinical trial and were randomized. When
analyzing efficacy, they were included in the treatment group
into which they were randomized, regardiess of the actual
treatment they received. Among the subjects included in the
ITT set, those who completed thisclinical trial without material
breach of the protocol were included in the PP set.

Telemonitoring

V3 (Week 12) V4 (Week 24)

Visit

Visit

at screening to determine trial eligibility. Lipid profiles and
blood glucose tests were performed after fasting.

Weight change was the primary outcome and was evaluated
with percent body fat at baseline, week 12, and week 24 and
measured by nurses using a portable bioelectrical impedance
analysis device (InBody U20, Seoul, Korea).

The level of physical activity was assessed and categorized
using the International Physical Activity Questionnaire (IPAQ)
at baseline, week 12, and week 24. The amount of physical
activity each week was calculated with a continuous variable,
the Metabolic Equivalent of Task (MET) using the following
equation:

Total MET min/week = [walking METsxminxdays] + [moderate
METsxminxdays] + [vigorous METsxminxdays)])
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Concerning the method for measuring the caloric intake
variables, daily meal record cards (3-day recall dietary
assessment) were distributed to the subjects during their initial
visit and the subjects were instructed to write their own 3-day
meal record just before the baseline visit, the next visit after
12weeks, and the final visit after 24weeks. The self-completed
daily meal recordswere collected from the subjects during their
final visit and the dietitian performed the calorie calculation
using the nutrient evaluation program CAN-Pro 3.0 software
(The Korean Nutrition Society, 2006) [23].

Statistical Analysis

Each group initially consisted of 167 subjects chosen using a
5% significance level, 90% power, and estimating the mean
differencein weight change between the 2 groupsto be 1.81 kg
(SD 4.81 and 5.36 kg). Considering a 25% drop out rate, the
final sample size consisted of 223 subjects for each group
(N=446 subjects) [24-27].

Descriptive statisticsincluding the number of observed subjects,
mean, and median (range) of body weight measured at baseline,
week 12, and week 24, and the changes in measured values at
week 24 compared to baseline were presented for each group.
To identify the difference between the groups with respect to
body weight changes at week 24 compared to the baseline,
analysis of covariance (ANCOVA), including the clinical trial
institution and the body weight at baseline as covariates, was
performed.

For continuous data, such as changes in BMI, body fat
percentage, waist measurement, lipid profile, blood pressure,
the number of metabolic syndrome elements, diet intake (kcal),
physical activity, number of stepstaken, and weight to measure
physical activity, descriptive statistics including the number of
observed subjects, mean, and median (range) were presented
for each group. To identify the difference between the groups
at week 24 compared to the baseline, ANCOVA or rank
transformation ANCOVA was performed. When conducting
ANCOVA, the clinicd trial institution and the baseline values
of relevant parameters were set as covariates.

For categorical data including the ratio of the subjects whose
body weights decreased by =10%, the changesin the prevalence
rates of metabolic syndrome and the changes in life habits (ie,
smoking and drinking, the frequency, rates, and 95% confidence
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interval were presented for each group. To identify the
difference in rates between the groups at weeks 12 and 24, the
Cochran-Mantel-Hansel (CMH) test was performed using the
clinical trial institution as a covariate.

To identify the satisfaction level of the subjects (only for
intervention group), the scores of the satisfaction survey items
related to the usage convenience of the devices were measured
at weeks 12 and 24, and descriptive statistics including the
number of observed subjects, mean, and median (range) on the
measured scores were presented.

The adverse events occurring after randomization were collected
and analyzed. The frequency, percentage, and 95% confidence
intervals of the adverse events and serious adverse events were
presented. To find the difference between the groups in the
frequency of adverse and serious adverse events, Pearson’s
chi-squaretest or Fisher’sexact test was performed. The adverse
and serious adverse events were coded according to the Medical
Dictionary for Regulatory Activities (MedDRA) system organ
class (SOC) and preferred term (PT), and the number of types,
frequency, and the number of cases of the coded adverse events
were presented. Additionally, the numbers of adverse events
occurrences and percentages were presented by severity, and a
detailed statement on the serious adverse events was presented.

All analyses were conducted using STATA version 12.1
(StatCorp, Houston, TX) for Windows software. P values less
than .05 were considered statistically significant.

Results

Subject Participation

During the clinical trial, atotal of 661 subjects went through
screening, and 442 of them were identified as subjects with
metabolic syndrome. Subjects were randomized into the
intervention (N=212) or control (N=210) group. Therefore, the
ITT set included atotal of 422 subjects. Because a total of 31
(14.6%, 31/212) subjects dropped out of the intervention group
during the observation period of 24 weeks, 181 (85.3%,
181/212) subjects completed the trial. A total of 57 (27.1%,
57/210) subjects dropped out of the control group, and 153
(72.9%, 153/210) subjects completed thetrial. Thus, the PP set
included atotal of 334 subjects (Figure 3).
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Figure 3. Selection of the study participants.
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Demographic Data and Char acteristics of Subjects
Prior to Treatment

The conditions of the subjects before providing medical service
were compared between groups, including the demographic
information of the subjects included in the ITT set. The mean
ages were 46.78 years (SD 13.11) for the intervention group
and 50.35 years (SD 14.24) for the control group, indicating a
statistically significant differencein the age distribution between
the groups (P=.008). However, there was no significant
difference between the 2 in terms of age groups (P=.269). The
number of male and female subjects in the intervention group
were 113 (53.3%, 113/212and 99 (46.7%, 99/212), respectively.
In the control group, the number of male subjects was 102
(48.6%, 102/210) and the number of female subjects was 108
(51.4%, 108/210) demonstrating no statistically significant
differencein gender distribution between the groups (P=.331).

The mean BMI was 29.42 kg/m? (SD 3.53) for the intervention

group and 29.40kg/m? (SD 3.39) for the control group,
indicating no datistically significant difference in the
distribution of BMI between the groups (P=.934).

With respect to the education level of subjectsin the 2 groups,
136 (64.2%, 136/212) subjects in the intervention group were
“college graduates or higher”, whereas 109 (51.9%, 109/210)

http://mheal th.jmir.org/2015/3/e83/
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in the control group were “college graduates or higher”.
Statistically significant differences in education levels were
observed among the“ elementary school graduates’ and “ college
graduatesor higher” (P=.001). Moreover, body weight (P=.343),
height (P=.131), smoking (P=.475), and drinking (P=.726) were
not statistically significantly different between the 2 groups
(Multimedia Appendix 1).

Efficacy Evaluations

Primary Efficacy Evaluation

The body weights at baseline, week 12, and week 24 were
summarized in the descriptive statistics, and the body weight
changes at week 24 compared to baseline were assessed. In the
ITT set, the mean body weights of the intervention group at
baseline and week 24 were 81.13 kg (SD 14.77) and 77.87 kg
(SD 13.99), respectively. The mean body weight at week 24
decreased by 2.21 kg (SD 3.60) compared to the weight at
baseline, which was statistically significant (P<.001). The mean
body weights of the control group at baseline and week 24 were
79.74 kg (SD 15.28) and 77.02 kg (SD 13.33), respectively.
The mean body weight at week 24 decreased by 0.77 kg (SD
2.77) compared to baseline, which was statistically significant
(P<.001). In the comparison between the groups, the mean body
weight change of the intervention group at week 24 compared
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to baseline was significantly higher than that of the control
group (P<.001) (Table 1).

In the PP set, the mean body weights of the intervention group
at baseline and week 24 were 79.93 kg (SD 13.55) and 77.64
kg (SD 13.91), respectively. The mean body weight at week 24
decreased by 2.29 kg (SD 3.62) compared to baseline, which
was statistically significant (P<.001). The mean body weights

Table 1. Changesin weight (baseline versus 24 weeks) inthe ITT set.

Ohetal

of the control group at baseline and week 24 were 77.89 kg (SD
13.68) and 77.02 kg (SD 13.28), respectively. The mean body
weight at week 24 decreased by 0.86 kg (SD 2.84) compared
to baseline, which was statistically significant (P<.001). Asin
the ITT set, the mean body weight change of the intervention
group at week 24 compared to baseline was significantly higher
than that of the control group (P<.001) (Table 2).

Weight, kg Intervention group Control group Between groups P value
Basdine

n 212 209

Mean (SD) 81.13 (14.77) 79.74 (15.28)

Median 79.85 76.90

Min, max 55.20, 144.00 54.00, 141.10
Week 12

n 196 179

Mean (SD) 77.85 (13.46) 76.67 (13.26)

Median 76.85 74.10

Min, max 49.80, 135.70 53.40, 118.10
Week 24

n 196 181

Mean (SD) 77.87 (13.99) 77.02 (13.33)

Median 77.35 75.10

Min, max 50.10, 141.00 53.20, 117.90
ChangeW24 2

n 196 181

Mean (SD) -2.21 (3.60) -0.77 (2.77) <.001°

Median -2.10 -0.70

Min, max -17.00, 5.60 -20.40, 6.60
Within group, P value <.001¢ <.001°¢

8Change W24=week 24-baseline
BANCOVA usi ng the site and baseline weight as covariates
CPaired t test
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Table 2. Changesin weight (baseline versus 24 weeks) in the PP set.

Ohetal

Weight, kg Intervention group Control group Between groups P value
Basdine

n 181 153

Mean (SD) 79.93 (13.55) 77.89 (13.68)

Median 79.10 74.70

Min, max 55.20, 135.40 54.00, 120.10
Week 12

n 181 152

Mean (SD) 77.62 (13.38) 76.61 (13.21)

Median 76.80 74.00

Min, max 49.80, 135.70 53.40, 118.10
Week 24

n 181 153

Mean (SD) 77.64 (13.91) 77.02 (13.28)

Median 76.80 75.00

Min, max 50.10, 141.00 53.20, 117.90
ChangeW24 2

n 181 153

Mean (SD) -2.29 (3.62) -0.86 (2.84) <.001P

Median -2.10 -0.80

Min, max -17.00, 5.60 -20.40, 6.60
Within group P value <.001° <.001°¢

8Change W24=week 24-baseline
BANCOVA usi ng the site and baseline weight as covariates
CPaired t test

Secondary Efficacy Evaluation

Among the secondary efficacy evaluation parameters, BMI,
rate of body fat, decrement of waist measurement, and diet habit
improvement from baseline to week 24 were superior in the
intervention group compared with the control group (body fat
rate P=.001, diet habit P=.012, and others P<.001). In particular,
the mean BMIs of the intervention group in the ITT set at
baseline and week 24 were 29.42 kg/m? (SD 3.53) and 28.33
kg/m? (SD 3.46), respectively. The mean BMI at week 24
decreased by 0.83 kg/m? (SD 1.31) compared to baseline, which
was dtatistically significant (P<.001). The mean BMIs of the

control group at baseline and week 24 were 29.40 kg/m? (SD

http://mheal th.jmir.org/2015/3/e83/

3.39) and 28.74 kg/m? (SD 2.88), respectively. The mean BMI

at week 24 decreased by 0.28 kg/m? (SD 1.03) compared to
baseline, which was statistically significant (P=<.001). In the
comparison between the groups, the change in BMIs of the
intervention group at week 24 compared to baseline was
significantly higher than that of the control group (P<.001)
(Table 3).

A similar trend was observed in the PP set (Table 4). However,
theratio of the patients whose body weight decreased by 210%
and the lipid profile, blood pressure, prevalence of metabolic
syndrome, change in the number of metabolic syndrome
elements, smoking rate, drinking rate, and physical activity were
not statistically significantly different between the groups.
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Table 3. Changesin BMI (baseline versus 24 weeks) inthe ITT set.

BMI, kg/m2 Intervention group Control group Between groups P value
Baseline

n 212 209

Mean (SD) 29.42 (3.53) 29.40 (3.39)

Median 28.70 28.90

Min, max 24.90, 46.80 24.90, 41.80
Week 12

n 196 179

Mean (SD) 28.35 (3.25) 28.59 (2.84)

Median 27.85 28.10

Min, max 22.10, 40.10 24.00, 38.90
Week 24

n 196 181

Mean (SD) 28.33 (3.46) 28.74 (2.88)

Median 27.55 28.20

Min, max 22.60, 41.40 23.90, 39.70
ChangeW24 2

n 196 181

Mean (SD) -0.83 (1.31) -0.28 (1.03) <.001°

Median -0.80 -0.20

Min, max -5.80, 2.20 -6.70, 2.40
Within the group P value <.001¢ <.001°¢

8Change W24=week 24-baseline
BANCOVA usi ng the site and baseline weight as covariates
CPaired t test

http://mheal th.jmir.org/2015/3/e83/ IMIR mHealth uHealth 2015 | vol. 3|iss. 3| €83 |p. 9
(page number not for citation purposes)

RenderX


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR MHEALTH AND UHEALTH

Table 4. Changesin BMI (baseline versus 24 weeks) in the PP set.

Ohetal

BMI, kg/m2 Intervention group Control group Between groups P value
Baseline

n 181 153

Mean (SD) 29.18 (3.13) 29.08 (2.90)

Median 28.60 28.80

Min, max 25.00, 41.40 25.00, 39.70
Week 12

n 181 152

Mean (SD) 28.34 (3.23) 28.60 (2.76)

Median 27.80 28.10

Min, max 22.10, 40.10 24.00, 38.50
Week 24

n 181 153

Mean (SD) 28.32 (3.44) 28.74 (2.81)

Median 27.50 28.30

Min, max 22.60, 41.40 23.90, 39.70
ChangeW24 2

n 181 153

Mean (SD) -0.86 (1.32) -0.33 (1.04) <.001°

Median -0.80 -0.30

Min, max -5.80, 2.20 -6.70, 2.40
Within the group p-value <.001¢ <.001°¢

8Change W24=week 24-baseline
BANCOVA usi ng the site and baseline weight as covariates
CPaired t test

Subject Satisfaction

The convenience of device usage, satisfaction with the
SmartCare center service, and overall satisfaction of the remote
monitoring were determined at weeks 12 and 24, based on a
5-point scalewhere5 corresponded to highly satisfied. At week
12, the convenience of device usage, satisfaction with the
SmartCare center service, and overall satisfaction of theremote
monitoring were found to be 3.54 (SD 1.02), 4.08 (SD 0.86),
and 3.93 (SD 0.86), respectively. At week 24, the satisfaction
with the convenience of device usage was 3.52 (SD 0.99),
SmartCare center service was 4.14 (SD 0.88), and overall
satisfaction of the remote monitoring was 3.92 (SD 0.85).

Safety Results

Therates of adverse eventsin the intervention group and control
group were 14.2% (30/212, 43 cases) and 13.3% (28/210, 40
cases), respectively. The rates of serious adverse events in the
intervention group and control group were 1.4% (3/212, 3 cases)
and 2.4% (5/210, 5 cases), respectively. Due to serious adverse
events, the intervention group showed 1 case of ankle fracture,
and the control group showed 1 case of dislocated vertebra,
stress urinary incontinence, and knee operation.

http://mheal th.jmir.org/2015/3/e83/

After the physical examination, no subject in either of the 2
groups had abnormalities at week 24 after showing no
abnormalities at baseline.

Pulse reduction at week 24 compared to baseline was 2.84
beats/min (SD 10.01) for the intervention group and 0.94
beatsmin (SD 8.47) for the control group. The difference
between the groups was statistically significant (P=.049), but
such a change is considered not to be directly related to
SmartCare.

Discussion

Principal Findings

To the best of our knowledge, this study was the first domestic
government project to estimate the usefulness of SmartCarein
managing chronic disease. Weight decrement after 24 weeks
fromthe baseline, aprimary efficacy evaluation parameter, was
2.21 kg (SD 3.60) for the intervention group and 0.77 kg (SD
2.77) for the control group, and the intervention group showed
ahigher rate of reduction compared to the other group (P<.001).
Among the secondary efficacy evaluation parameters, BMI,
body fat rate, decrement of waist measurement, and diet habit
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improvement ratings after 24 weeks were superior in the
intervention group (body fat rate P<.001, diet habit P=0.012,
and others P<.001). The proportion of patients whose body
weight decreased by >10%, the lipid profiles, blood pressure,
prevalence of metabolic syndrome, change in the number of
metabolic syndrome elements, smoking rate, drinking rate, and
physical activity were not significantly different.

uHealth care, an abbreviation for ubiquitous health care, refers
to a health care medical service in which information and
communication technologies are combined with medicine so
that patients can be provided with prevention, diagnosis,
treatment, and follow-up services anytime and anywhere, even
if they do not directly visit hospitals [28,29]. uHealth careisa
medical service developed to collect real-time health-related
information without limits pertaining to time or location, and
to perform continuous monitoring and treatment to examine
health conditions in advance and prevent diseases, rather than
solely providing treatment after the onset of disease. Because
of the sudden increase in medical costs due to population aging
and the increase of patients with chronic diseases in modern
society, the need for the development of such a service is
increasing, asisthe need to build a cost-effective medical system
and improvethe quality of health and medical treatment services
[30].

This clinical trial was designed in consideration of such
situations. Here, we compared the SmartCare service (UHealth
care) with the existing treatment to evaluate the effect of the
service on body weight, as well as its safety in obese patients
who need constant monitoring.

Overweight and obesity due to a Westernized diet and lack of
exercise are serious problems al over the world and have
adverse effects not only on personal health but also on national
economies. To solve these problems, an approach including
prevention should be taken, rather than relying only on medical
treatment after the occurrence of disease. In addition, long-term
treatments such as improving individual life habits through
continuous care are paramount [31].

Metabolic syndrome is a disease caused by insulin resistance,
whichisusually linked to overweight and obesity. Thus, weight
control isvital for this condition. To lose weight, exercise and
a controlled diet are absolutely important [5,11,32,33].
Practicing diet therapy can cut down on fat aswell aslean body
mass. This drops the basic metabolic rate, easily causing the
yo-yo effect where the patient gains weight even from small
food intake.

Comparison With Prior Work

Various attempts to prevent obesity have been made, including
a case where healthy eating habits and adequate exercise to
maintain reduced weight were carried out in acommunity setting
[34,35]. Cases where competition among members to maintain
healthy lifestyles and to lose weight was encouraged with the
use of aggressive measures have been reported in a timely
fashion with the introduction of telemedicine[9]. However, the
exchange of food and exercise information through the Internet
was found to be more effective in weight loss and maintenance

http:/mhealthjmir.org/2015/3/e83/
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than traditiona methods of self-maintenance and

self-management [36].

This clinical trial paired the SmartCare service together with
the existing treatment (intervention group) to only the existing
treatment (control group) and compared the mean change in
body weight at week 24 to baseline between the 2 groups. The
test results showed significantly higher changesin body weight
in theintervention group than in the control group, proving that
the SmartCare service shows higher efficacy when combined
with the existing treatment than when only the existing treatment
was provided. Additionally, we obtained results consistent with
the primary efficacy evaluationin BMI, body fat rate, and waist
measurements, which are directly related to obesity and body
weight. In the satisfaction survey for the SmartCare service,
convenience of device usage, satisfaction with the SmartCare
Center service, and overall satisfaction with remote monitoring,
all received responses of were 'satisfactory’ or 'very satisfactory’
from =50% of the users. Studies conducted in other countries
have found similar results. These studies showed that various
methods implemented to motivate patients to increase physical
activity, control their diets, and maintain healthy life habits
mostly produced positive results [16,20,37-44].

Study Strengths and Limitations

Based on the number of times information was entered on the
mobile phone for diet intake and the amount of exercise, the
subgroup analysis of thisstudy revealed that the scope of weight
loss was considerably increased. Through this revelation, the
level of interest in using uHealth in real-time was found to be
an important variable that can heavily influence the level of
weight loss. The difference between this study compared to
previous studies from abroad i s that the mean age of the subjects
was between the mid-40s to the early 50s, older than the ages
of the subjectsincluded in the other studies. Thus, thisstudy is
meaningful in that it showed that the concept of uHealth is not
the exclusive property of younger generationswho use advanced
devices. It showed that anyone who uses a mobile phone in
modern society could use uHealth accordingly.

However, the fact that highly educated young individuals were
assigned to theintervention group, despite the random selection,
may work as a selection bias when evaluating the effects of
SmartCare. Nonetheless, this research also revealed that the
number of people who failed in the control group was twice
that of theintervention group, thereby suggesting the possibility
that SmartCare increased participants adherence to a weight
loss program compared to weight loss means using traditional
methods.

On the other hand, the rates of the subjects whose body weight
decreased by =10%, lipid profiles (total cholesterol, HDL-C,
low-density lipoprotein cholesterol (LDL-C), and TG), changes
in systolic and diastolic blood pressure, rate of patients with
metabolic syndrome, change in the number of metabolic
syndrome elements, smoking rate, and drinking rate were not
statistically significantly different between theintervention and
control groups. There are a few possible causes for this
observation. First, subjectswith reduced weight during theinitial
phase of the study showed a tendency to have slight increases
in weight towards the latter phase of the study. Second, it is

JMIR mHealth uHealth 2015 | vol. 3 |iss. 3| €83 | p. 11
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR MHEALTH AND UHEALTH

difficult to confirm whether eating habits, specifically the control
of caloriesand salt intake, improved compared to the increased
physical activity and weight loss effect. The risk factors of
metabolic syndrome are expected to decrease when the effects
of weight reduction are sustained for along period of time, and
such benefits can be confirmed with alonger research plan for
weight maintenance. Furthermore, if the reduction can be
guantitatively proved through feedback regarding the controlled
salt and total calorie intake to improve eating habits, it may be
possible to observe the number of metabolic syndrome factors,
such as blood pressure and the change in the lipid profile, of
the participants through subgroup analysis.

Ohetal

Conclusions

Through analyzing obesity eval uation indexes such asBMI and
including weight, body fat rate, and waist measurements, we
found that the SmartCare service is an effective way to control
the weight of obese patients with metabolic syndrome.

The positive effects of the development of uHealth on the
medical field can influence not only health care providers but
also various fields, including health care centers and network
operators, can provide medical service anytime and anywhere
without patients having to visit hospitals during operating hours,
and can provide individually customized service for health

improvement and disease prevention for identical conditionsin
contrast to the usual patient-doctor relationship [45].

Acknowledgments
This study was supported by aresearch grant from the Ministry of Trade, Industry and Energy of South Koreain 2010 (1003518).

Conflictsof I nterest
None declared.

Multimedia Appendix 1
Demographic characteristics of the patients at baselineinthe ITT set.

[PDEF File (Adobe PDF File), 119K B-Multimedia Appendix 1]

References

1. MaisonP ByrneCD, HalesCN, Day NE, Wareham NJ. Do different dimensions of the metabolic syndrome changetogether
over time? Evidence supporting obesity as the central feature. Diabetes Care 2001 Oct;24(10):1758-1763. [Medline:
11574438]

2. Everson SA, Goldberg DE, Helmrich SP, Lakka TA, Lynch JW, Kaplan GA, et a. Weight gain and the risk of developing
insulin resistance syndrome. Diabetes Care 1998 Oct;21(10):1637-1643. [Medline: 9773723]

3. Bestermann W, Houston MC, Basile J, Egan B, Ferrario CM, Lackland D, et al. Addressing the global cardiovascular risk
of hypertension, dydlipidemia, diabetes mellitus, and the metabolic syndrome in the southeastern United States, part 11:
treatment recommendations for management of the global cardiovascular risk of hypertension, dydlipidemia, diabetes
mellitus, and the metabolic syndrome. Am JMed Sci 2005 Jun;329(6):292-305. [Medline: 15958871]

4.  Dulloo A, Montani J. Body composition, inflammation and thermogenesis in pathways to obesity and the metabolic
syndrome: an overview. Obes Rev 2012 Oct 29;13:1-5. [doi: 10.1111/].1467-789X.2012.01032.X]

5. LakkaTA, Laaksonen DE. Physical activity in prevention and treatment of the metabolic syndrome. Appl Physiol Nutr
Metab 2007 Feb;32(1):76-88. [doi: 10.1139/h06-113] [Medline: 17332786]

6. LewisC, Jacobs DJ, McCreath H, Kiefe C, Schreiner P, Smith D, et a. Weight gain continuesin the 1990s: 10-year trends
in weight and overweight from the CARDIA study. Coronary Artery Risk Development in Young Adults. Am J Epidemiol
2000 Jun 15;151(12):1172-1181 [ FREE Full text] [Medline: 10905529]

7. NgM, Fleming T, Robinson M, Thomson B, Graetz N, Margono C, et al. Global, regional, and national prevalence of
overweight and obesity in children and adults during 1980-2013: a systematic analysis for the Global Burden of Disease
Study 2013. Lancet 2014 Aug 30;384(9945):766-781. [doi: 10.1016/S0140-6736(14)60460-8] [Medline: 24880830]

8.  KimCS, Ko S, Kwon H, Kim NH, Kim JH, Lim S, Taskforce Team of Diabetes Fact Sheet of the Korean Diabetes
Association. Prevalence, awareness, and management of obesity in Korea: datafrom the Koreanational health and nutrition
examination survey (1998-2011). Diabetes Metab J 2014 Feb;38(1):35-43 [FREE Full text] [doi: 10.4093/dm].2014.38.1.35]
[Medline: 24627826]

9.  ThomasJG, Wing RR. Health-e-call, asmartphone-assisted behavioral obesity treatment: pilot study. IMIR Mhealth Uhealth
2013;1(1):e3 [FREE Full text] [doi: 10.2196/mhealth.2164] [Medline: 25100672]

10. Kumanyika SK, Obarzanek E, Stettler N, Bell R, Field AE, Fortmann SP, American Heart Association Council on
EpidemiologyPrevention, Interdisciplinary Committee for Prevention. Population-based prevention of obesity: the need
for comprehensive promotion of healthful eating, physical activity, and energy balance: ascientific statement from American
Heart Association Council on Epidemiology and Prevention, Interdisciplinary Committee for Prevention (formerly the
expert panel on population and prevention science). Circulation 2008 Jul 22;118(4):428-464 [FREE Full text] [doi:
10.1161/CIRCULATIONAHA.108.189702] [Medline: 18591433]

http://mhealth.jmir.org/2015/3/e83/ JMIR mHealth uHealth 2015 | vol. 3 |iss. 3| €83 | p. 12

(page number not for citation purposes)


https://jmir.org/api/download?alt_name=mhealth_v3i3e83_app1.pdf&filename=e9444299e0da29a7a615a00fd999032f.pdf
https://jmir.org/api/download?alt_name=mhealth_v3i3e83_app1.pdf&filename=e9444299e0da29a7a615a00fd999032f.pdf
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11574438&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9773723&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15958871&dopt=Abstract
http://dx.doi.org/10.1111/j.1467-789X.2012.01032.x
http://dx.doi.org/10.1139/h06-113
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17332786&dopt=Abstract
http://aje.oxfordjournals.org/cgi/pmidlookup?view=long&pmid=10905529
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10905529&dopt=Abstract
http://dx.doi.org/10.1016/S0140-6736(14)60460-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24880830&dopt=Abstract
http://e-dmj.org/DOIx.php?id=10.4093/dmj.2014.38.1.35
http://dx.doi.org/10.4093/dmj.2014.38.1.35
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24627826&dopt=Abstract
http://mhealth.jmir.org/2013/1/e3/
http://dx.doi.org/10.2196/mhealth.2164
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25100672&dopt=Abstract
http://circ.ahajournals.org/cgi/pmidlookup?view=long&pmid=18591433
http://dx.doi.org/10.1161/CIRCULATIONAHA.108.189702
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18591433&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR MHEALTH AND UHEALTH Ohetal

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.
33.

35.

Stone N, Saxon D. Approach to treatment of the patient with metabolic syndrome: lifestyle therapy. Am J Cardiol 2005
Aug 22;96(4A):15E-21E. [doi: 10.1016/j.amjcard.2005.05.010] [Medline: 16098838]

OMalley G, Dowdall G, Burls A, Perry I, Curran N. Exploring the usability of a mobile app for adolescent obesity
management. JMIR Mhealth Uhealth 2014;2(2):€29 [FREE Full text] [doi: 10.2196/mhealth.3262] [Medline: 25098237]
Metzgar CJ, Nickols-Richardson SM. Determinants of weight gain prevention in young adult and midlife women: study
design and protocol of arandomized controlled trial. IMIR Res Protoc 2015;4(1):€36 [FREE Full text] [doi:
10.2196/resprot.4008] [Medline: 25831450]

Goode A, Winkler EA, Reeves M, Eakin E. Relationship between intervention dose and outcomesin living well with
diabetes-a randomized trial of atelephone-delivered lifestyle-based weight loss intervention. Am J Health Promot 2014
Nov 5. [doi: 10.4278/8jhp.140206-QUAN-62] [Medline: 25372235]

Hunter CM, Peterson AL, Alvarez LM, Poston WC, Brundige AR, Haddock CK, et al. Weight management using the
internet arandomized controlled trial. Am J Prev Med 2008 Feb;34(2):119-126. [doi: 10.1016/j.amepre.2007.09.026]
[Medline: 18201641]

Tate DF, Wing RR, Winett RA. Using Internet technology to deliver a behavioral weight loss program. JAMA 2001 Mar
7,285(9):1172-1177. [Medline: 11231746]

Hebden L, Cook A, van der Ploeg HP, Allman-Farinelli M. Development of smartphone applications for nutrition and
physical activity behavior change. IMIR Res Protoc 2012;1(2):e€9 [EREE Full text] [doi: 10.2196/resprot.2205] [Medline:
23611892]

Khaylis A, Yiadlas T, Bergstrom J, Gore-Felton C. A review of efficacious technology-based wei ght-loss interventions:
five key components. Telemed JE Health 2010 Nov;16(9):931-938 [ FREE Full text] [doi: 10.1089/tmj.2010.0065] [Medline:
21091286]

Lim J, Choi O, NaH, Baik D. A context-aware fitness guide system for exercise optimization in U-health. |EEE Trans Inf
Technol Biomed 2009 May;13(3):370-379. [doi: 10.1109/T1TB.2009.2013941] [Medline: 19193515]

Carter MC, Burley VJ, Cade JE. Development of ‘My Meal Mate’ - a smartphone intervention for weight loss. Nutrition
Bulletin 2013 Feb 07;38(1):80-84 [FREE Full text] [doi: 10.1111/nbu.12016]

Alberti KG, Zimmet P, Shaw J, | DF Epidemiol ogy Task Force Consensus Group. The metabolic syndrome--anew worldwide
definition. Lancet 2005;366(9491):1059-1062. [doi: 10.1016/S0140-6736(05)67402-8] [Medline: 16182882]

OhSW, Shin'S, Yun YH, Yoo T, Huh B. Cut-off point of BMI and obesity-related comorbidities and mortality in middle-aged
Koreans. Obes Res 2004 Dec;12(12):2031-2040. [doi: 10.1038/0by.2004.254] [Medline: 15687405]

Shim'Y, Paik H. Reanalysis of 2007 Korean National Health and Nutrition Examination Survey (2007 KNHANES) results
by CAN-Pro 3.0 Nutrient Database. Korean J Nutr 2009;42(6):577-595. [doi: 10.4163/kjn.2009.42.6.577]

Twisk J, Proper K. Evaluation of the results of arandomized controlled trial: how to define changes between baseline and
follow-up. J Clin Epidemiol 2004 Mar;57(3):223-228. [doi: 10.1016/j.jclinepi.2003.07.009] [Medline: 15066681]
Vickers AJ, Altman DG. Statistics notes: analysing controlled trials with baseline and follow up measurements. BMJ 2001
Nov 10;323(7321):1123-1124 [FREE Full text] [Medline: 11701584]

Wittes J. Sample size calculations for randomized controlled trials. Epidemiol Rev 2002;24(1):39-53 [FREE Full text]
[Medline: 12119854]

Borm GF, Fransen J, Lemmens WA. A simple sample size formulafor analysis of covariancein randomized clinical trials.
JClin Epidemiol 2007 Dec;60(12):1234-1238. [doi: 10.1016/j.jclinepi.2007.02.006] [Medline: 17998077]

Burke LE, Styn MA, SereikaSM, Conroy MB, YeL, Glanz K, et al. Using mHealth technol ogy to enhance self-monitoring
for weight loss: arandomized trial. Am J Prev Med 2012 Jul;43(1):20-26 [FREE Full text] [doi:
10.1016/j.amepre.2012.03.016] [Medline: 22704741]

Lewis TL, Wyatt JC. mHealth and mobile medical apps: aframework to assess risk and promote safer use. JMed Internet
Res 2014;16(9):e210 [FREE Full text] [doi: 10.2196/jmir.3133] [Medline: 25223398]

Song T, Ryu S, Lee SH. U-health service for managing chronic disease: a case study on managing metabolic syndromein
ahealth center in South Korea. Healthc Inform Res 2011 Dec;17(4):260-266 [FREE Full text] [doi: 10.4258/hir.2011.17.4.260]
[Medline: 22259728]

Bacigalupo R, Cudd P, Littlewood C, Bissell P, Hawley MS, Buckley WH. Interventions employing mobile technology
for overweight and obesity: an early systematic review of randomized controlled trials. Obes Rev 2013 Apr;14(4):279-291
[FREE Full text] [doi: 10.1111/0br.12006] [Medline: 23167478]

Fernandez ML. The metabolic syndrome. Nutr Rev 2007 Jun;65(6 Pt 2):S30-S34. [Medline: 17605311]

Roberts CK, Hevener AL, Barnard RJ. Metabolic syndrome and insulin resistance: underlying causes and modification by
exercise training. Compr Physiol 2013 Jan;3(1):1-58 [FREE Full text] [doi: 10.1002/cphy.c110062] [Medline: 23720280]
Englberger L, Halavatau V, Yasuda Y, Yamazaki R. The tonga healthy weight loss program 1995-97. Asia Pac J Clin Nutr
1999 Jun;8(2):142-148 [FREE Full text] [Medline: 24393799]

Moore TJ, Alsabeeh N, Apovian CM, Murphy MC, Coffman GA, Cullum-Dugan D, et al. Weight, blood pressure, and
dietary benefits after 12 months of aweb-based nutrition education program (DASH for health): longitudinal observational
study. JMed Internet Res 2008;10(4):e52 [FREE Full text] [doi: 10.2196/jmir.1114] [Medline: 19073541]

http://mhealth jmir.org/2015/3/e83/ JMIR mHealth uHealth 2015 | vol. 3 | iss. 3| e83 | p. 13

(page number not for citation purposes)


http://dx.doi.org/10.1016/j.amjcard.2005.05.010
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16098838&dopt=Abstract
http://mhealth.jmir.org/2014/2/e29/
http://dx.doi.org/10.2196/mhealth.3262
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25098237&dopt=Abstract
http://www.researchprotocols.org/2015/1/e36/
http://dx.doi.org/10.2196/resprot.4008
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25831450&dopt=Abstract
http://dx.doi.org/10.4278/ajhp.140206-QUAN-62
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25372235&dopt=Abstract
http://dx.doi.org/10.1016/j.amepre.2007.09.026
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18201641&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11231746&dopt=Abstract
http://www.researchprotocols.org/2012/2/e9/
http://dx.doi.org/10.2196/resprot.2205
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23611892&dopt=Abstract
http://europepmc.org/abstract/MED/21091286
http://dx.doi.org/10.1089/tmj.2010.0065
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21091286&dopt=Abstract
http://dx.doi.org/10.1109/TITB.2009.2013941
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19193515&dopt=Abstract
http://dx.doi.org/10.1111/j.2040-1124.2010.00046.x
http://dx.doi.org/10.1111/nbu.12016
http://dx.doi.org/10.1016/S0140-6736(05)67402-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16182882&dopt=Abstract
http://dx.doi.org/10.1038/oby.2004.254
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15687405&dopt=Abstract
http://dx.doi.org/10.4163/kjn.2009.42.6.577
http://dx.doi.org/10.1016/j.jclinepi.2003.07.009
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15066681&dopt=Abstract
http://europepmc.org/abstract/MED/11701584
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11701584&dopt=Abstract
http://epirev.oxfordjournals.org/cgi/pmidlookup?view=long&pmid=12119854
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12119854&dopt=Abstract
http://dx.doi.org/10.1016/j.jclinepi.2007.02.006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17998077&dopt=Abstract
http://europepmc.org/abstract/MED/22704741
http://dx.doi.org/10.1016/j.amepre.2012.03.016
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22704741&dopt=Abstract
http://www.jmir.org/2014/9/e210/
http://dx.doi.org/10.2196/jmir.3133
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25223398&dopt=Abstract
http://www.e-hir.org/journal/viewJournal.html?year=2011&vol=017&num=04&page=260
http://dx.doi.org/10.4258/hir.2011.17.4.260
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22259728&dopt=Abstract
http://dx.doi.org/10.1111/obr.12006
http://dx.doi.org/10.1111/obr.12006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23167478&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17605311&dopt=Abstract
http://europepmc.org/abstract/MED/23720280
http://dx.doi.org/10.1002/cphy.c110062
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23720280&dopt=Abstract
http://apjcn.nhri.org.tw/server/APJCN/8/2/142.pdf
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24393799&dopt=Abstract
http://www.jmir.org/2008/4/e52/
http://dx.doi.org/10.2196/jmir.1114
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19073541&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR MHEALTH AND UHEALTH Ohetal

36.

37.

38.

39.

40.

41.

42.

43.

45,

Wieland L, Falzon L, Sciamanna C, Trudeau K, Brodney S, Schwartz J, et a. Interactive computer-based interventions for
weight loss or weight maintenance in overweight or obese people. Cochrane Database Syst Rev 2012;8:CD007675 [FREE
Full text] [doi: 10.1002/14651858.CD007675.pub?2] [Medline: 22895964]

Turner-McGrievy GM, Beets MW, Moore JB, Kaczynski AT, Barr-Anderson DJ, Tate DF. Comparison of traditional
versus mobile app self-monitoring of physical activity and dietary intake among overweight adults participating in an
mHealth weight loss program. JAm Med Inform Assoc 2013 May 1;20(3):513-518 [FREE Full text] [doi:
10.1136/amiajnl-2012-001510] [Medline: 23429637]

Stephens J, Allen J. Maobile phone interventions to increase physical activity and reduce weight: a systematic review. J
Cardiovasc Nurs 2013;28(4):320-329 [FREE Full text] [doi: 10.1097/JCN.0b013e318250a3e7] [Medline: 22635061]
Pellegrini CA, Duncan JM, Moller AC, Buscemi J, Sularz A, DeMott A, et a. A smartphone-supported weight | oss program:
design of the ENGAGED randomized controlled trial. BMC Public Health 2012;12:1041 [FREE Full text] [doi:
10.1186/1471-2458-12-1041] [Medline: 23194256]

Morgan PJ, Lubans DR, Collins CE, Warren JM, Callister R. The SHED-IT randomized controlled trial: evaluation of an
I nternet-based weight-loss program for men. Obesity (Silver Spring) 2009 Nov;17(11):2025-2032. [doi: 10.1038/0by.2009.85]
[Medline: 19343018]

Carter MC, Burley VJ, Nykjaer C, Cade JE. Adherence to a smartphone application for weight loss compared to website
and paper diary: pilot randomized controlled trial. JMed Internet Res 2013;15(4):e32 [FREE Full text] [doi:
10.2196/jmir.2283] [Medline: 23587561]

Carter MC, Burley VJ, Nykjaer C, Cade JE. 'My Meal Mate' (MMM): validation of the diet measures captured on a
smartphone application to facilitate weight loss. Br INutr 2013 Feb 14;109(3):539-546. [doi: 10.1017/S0007114512001353]
[Medline: 22717334]

Duncan JM, Janke EA, Kozak AT, Roehrig M, Russell SW, McFadden HG, et al. PDA+: apersonal digital assistant for
obesity treatment - an RCT testing the use of technology to enhance weight loss treatment for veterans. BMC Public Health
2011;11:223 [FREE Full text] [doi: 10.1186/1471-2458-11-223] [Medline: 21481253]

Tufano JT, Karras BT. Maobile eHealth interventions for obesity: atimely opportunity to leverage convergence trends. J
Med Internet Res 2005;7(5):e58 [FREE Full text] [doi: 10.2196/jmir.7.5.e58] [Medline: 16403722]

Touati F, Tabish R. u-Healthcare system: state-of-the-art review and challenges. J Med Syst 2013 Jun;37(3):9949. [doi:
10.1007/s10916-013-9949-0] [Medline: 23640734]

Abbreviations

ALT: aanine aminotransferase
ANCOVA: analysis of covariance

AST: aspartate aminotransferase

BMI: body massindex

FBS: fasting blood sugar

FPG: fasting plasmaglucose

HbA1c: baseline glycosylated hemoglobin
HDL-C: high-density lipoprotein cholesterol
IRB: institutional review board

ITT: intention-to-treat

MET: Metabolic Equivalent of Task

PP: per protocol

TG: triglyceride

uHealth: ubiquitous health

WHO: Who Health Organization

Edited by G Eysenbach; submitted 11.01.15; peer-reviewed by M Carter; comments to author 26.01.15; revised version received
25.06.15; accepted 08.07.15; published 20.08.15

Please cite as:

Oh B, Cho B, Han MK, Choi H, Lee MN, Kang HC, Lee CH, Yun H, Kim'Y

The Effectiveness of Mobile Phone-Based Care for Weight Control in Metabolic Syndrome Patients: Randomized Controlled Trial
JMIR mHealth uHealth 2015;3(3):e83

URL: http://mhealth.jmir.org/2015/3/e83/

doi: 10.2196/mhealth.4222

PMID: 26293568

http://mhealth.jmir.org/2015/3/e83/ JMIR mHealth uHealth 2015 | vol. 3 |iss. 3| e83 | p. 14

RenderX

(page number not for citation purposes)


http://europepmc.org/abstract/MED/22895964
http://europepmc.org/abstract/MED/22895964
http://dx.doi.org/10.1002/14651858.CD007675.pub2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22895964&dopt=Abstract
http://jamia.oxfordjournals.org/cgi/pmidlookup?view=long&pmid=23429637
http://dx.doi.org/10.1136/amiajnl-2012-001510
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23429637&dopt=Abstract
http://europepmc.org/abstract/MED/22635061
http://dx.doi.org/10.1097/JCN.0b013e318250a3e7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22635061&dopt=Abstract
http://www.biomedcentral.com/1471-2458/12/1041
http://dx.doi.org/10.1186/1471-2458-12-1041
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23194256&dopt=Abstract
http://dx.doi.org/10.1038/oby.2009.85
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19343018&dopt=Abstract
http://www.jmir.org/2013/4/e32/
http://dx.doi.org/10.2196/jmir.2283
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23587561&dopt=Abstract
http://dx.doi.org/10.1017/S0007114512001353
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22717334&dopt=Abstract
http://www.biomedcentral.com/1471-2458/11/223
http://dx.doi.org/10.1186/1471-2458-11-223
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21481253&dopt=Abstract
http://www.jmir.org/2005/5/e58/
http://dx.doi.org/10.2196/jmir.7.5.e58
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16403722&dopt=Abstract
http://dx.doi.org/10.1007/s10916-013-9949-0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23640734&dopt=Abstract
http://mhealth.jmir.org/2015/3/e83/
http://dx.doi.org/10.2196/mhealth.4222
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26293568&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR MHEALTH AND UHEALTH Ohetal

©Bumjo Oh, Belong Cho, Min Kyu Han, Hochun Choi, Mi Na L ee, Hee-Cheol Kang, Chang Hee L ee, Heeseong Yun, Youngho
Kim. Originally published in IMIR Mhealth and Uhedlth (http://mhealth.jmir.org), 20.08.2015. This is an open-access article
distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/2.0/), which
permits unrestricted use, distribution, and reproduction in any medium, provided the original work, first published in IMIR
mhealth and uhealth, is properly cited. The complete bibliographic information, a link to the origina publication on
http://mhealth.jmir.org/, as well as this copyright and license information must be included.

http://mhealth.jmir.org/2015/3/e83/ JMIR mHealth uHealth 2015 | vol. 3 |iss. 3| €83 | p. 15

(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

