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Abstract

Background: Little is known of the effect of wearable devices on metabolic impairments in clinical settings. We hypothesized
that a wearable device that can monitor and provide feedback on physical activity may help resolve metabolic syndrome.

Objective: This study aimed to examine the objective effects of the use of these devices on metabolic syndrome resolution.

Methods: Patients diagnosed with metabolic syndrome were recruited. Participants were prescribed regular walking using a
wearable device (Coffee WALKIE +Dv.3, GC Healthcare CI, Korea) on their wrist for 12 weeks. Participants received self-feedback
on the amount of their exercise through an app on their mobile phone. The information on physical activities of the participants
was uploaded automatically to a website. Thus, a trained nurse could provide individuals with feedback regarding the physical
activity via telephone consultation on alternate weeks. Blood pressure (BP), body composition, fasting plasma glucose, and lipid
profiles were recorded. The primary outcome was metabolic syndrome resolution. The secondary outcome was an improvement
in the components of metabolic impairment.

Results: Of the 53 participants recruited, 20 participants with a median age of 46 (range 36-50) years completed the trial. There
was no significant difference in the amount of calorie expenditure at weeks 4, 8, and 12. After 12 weeks, metabolic syndrome
was resolved in 9 of 20 participants (45%), and the mean number of metabolic impairment components per person decreased
from 3.4 to 2.9. Particularly, the mean systolic and diastolic BP decreased from mean 136.6 (SD 18.5) mm Hg to mean 127.4
(SD 19.5) mm Hg and from mean 84.0 (SD 8.1) mm Hg to mean 77.4 (SD 14.4) mm Hg (both P=.02), respectively.

Conclusions: This study found that a 12-week intervention via feedback, based on a wearable physical activity monitor, helped
metabolic syndrome patients to be more engaged in regular walking and it improved impaired metabolic components, especially
in BP. However, some practical challenges regarding patients’ adherence and sustained engagement were observed.

(JMIR Mhealth Uhealth 2019;7(6):e13381) doi: 10.2196/13381

KEYWORDS

electronic activity monitor; wearable devices; metabolic syndrome; physical activity

JMIR Mhealth Uhealth 2019 | vol. 7 | iss. 6 | e13381 | p. 1http://mhealth.jmir.org/2019/6/e13381/
(page number not for citation purposes)

Huh et alJMIR MHEALTH AND UHEALTH

XSL•FO
RenderX

mailto:song77.sh@gmail.com
http://dx.doi.org/10.2196/13381
http://www.w3.org/Style/XSL
http://www.renderx.com/


Introduction

Metabolic syndrome is a constellation of cardiovascular disease
risk factors, such as abdominal obesity, hyperglycemia,
hypertension, and hyperlipidemia [1]. With the increasing
prevalence of obesity, metabolic syndrome has been reported
as one of the most common health conditions among obese
people worldwide [2]. Insufficient physical activity is a major
cause of obesity and metabolic syndrome, and even small
increases in physical activity can have a significant beneficial
impact on metabolic syndrome and the prevention of
cardiovascular disease [3]. Exercise is known to enhance insulin
sensitivity by increasing the AMP-activated protein kinase
activity, promoting translocation of glucose transporter type 4
to the cell membrane, thereby boosting glucose uptake. The
decreases in intramuscular saturated fatty acids and stimulated
beta cell activity also contribute to attenuating insulin resistance
[4]. Despite evidence of improvement in metabolic impairment
with regular exercise [5], the number of individuals involved
in physical activity remains low, and sedentary lifestyle is
prevalent, with less than 25% of people estimated to be engaging
in regular physical activity [6].

As activity-tracking devices have become smaller, cheaper, and
more readily wearable, it is predicted that they will be used
extensively for various purposes [7]. Advances in wearable
devices and gathering of personal data provide patients with
chronic diseases the potential to engage in self-management.
However, the data collected by the wearable devices are rarely
integrated into the programming of regimens for impaired
metabolic conditions. Moreover, evidence supporting the
sustained use of data derived from wearable devices or their
positive effects on health outcomes is lacking as most studies
have mainly focused on establishing the feasibility of the devices
and the association between measured physical activity and
short-term benefits [8-10]. Recent research indicates that
feedback on activity monitoring can successfully increase
physical activity levels and lead to beneficial outcomes in the
management of target diseases [11]. However, they focused on
patients with diabetes mellitus [12,13], heart failure [14], or
chronic pulmonary disease [15]. Little has been demonstrated
regarding whether use of wearable devices may be a pragmatic
option for metabolic syndrome in a clinical setting.

Mobile phones allow users to track their path by connecting to
the internet with apps. Internet-based interventions seem to
motivate people to increase physical activity with a relatively
low cost, time, and effort [16]. Mostly used throughout the day,
mobile phones are considered to be a good tool for tracking
physical activity in real time. Electronic activity monitors play
a potential role as a delivery medium by replicating most aspects
of pedometer-based interventions. These monitors measure
physical activity or behavior indicators, such as heart rate, and
are connected with a mobile device through an app or personal
computer to provide extensive feedback. The feedback can be
more individualized than that offered in clinical assessments
and can include social comparisons, multiple charts, and markers
of progress toward individual goals. Considering the ubiquity
of mobile phones, few clinical trials have been conducted to
assess the impact of the application of mobile phone-wearable

step trackers on improvement in metabolic impairment. A
number of previous studies have been designed to explore the
effectiveness of mobile phone apps in weight loss [17,18] or in
increasing physical activity [19,20]. However, they failed to
include people with metabolic syndrome and to incorporate a
wearable device into their interventions, and none of them were
done in a clinical setting.

Given that many people try to use wearable devices compatible
with mobile phones to boost physical activity with little
evidence-based practice, it is clinically pressing to demonstrate
the potential of feedback via this technology for the management
of outpatients with metabolic syndrome. There is also a need
to assess whether there is any obstacle when applied to real
clinical situations. Therefore, we conducted a pilot study aimed
to explore the potential and barriers of the application of these
devices for metabolic syndrome management in a clinical
setting.

Methods

Study Participants
The study included patients diagnosed with metabolic syndrome
based on the results of a comprehensive health examination at
a health promotion center at Pusan National University Hospital
(Busan, South Korea) between March and December 2016. The
study was conducted in accordance with the Declaration of
Helsinki and was approved by the Institutional Review Board
at Pusan National University Hospital (review reference number:
E-2015030). All participants consented to the study protocols
and the subsequent publication of their respective findings.

Inclusion criteria were as follows: (1) diagnosed with metabolic
syndrome by a doctor, (2) aged between 20 and 64 years, (3)
possession of a mobile phone and a daily mobile phone user for
the past 3 months, and 4) no plans to change medication within
3 months after the start of the study.

Definition of Metabolic Syndrome
Metabolic syndrome was diagnosed by a family doctor
according to the 2009 Joint Interim Statement issued by a
number of international organizations and expert groups [21].
The definition requires the presence of three or more of the
following five components: (1) central obesity (ie, waist
circumference of ≥85 cm for women and ≥90 cm for men
according to the Korean Society for the Study of Obesity [22]),
(2) hyperglycemia (ie, fasting plasma glucose [FPG] ≥100
mg/dL or the use of antidiabetes medication), (3) high blood
pressure (BP) (ie, systolic BP ≥130 mm Hg or diastolic BP ≥85
mm Hg or the use of antihypertensive medication), (4)
hypertriglyceridemia (ie, fasting plasma triglycerides ≥150
mg/dL or the use of lipid-lowering medication), and 5) low
high-density lipoprotein cholesterol (HDL-C) (ie, fasting plasma
HDL-C<50 mg/dL for women, <40 mg/dL for men). Patients
with any of the following conditions were excluded: (1) any
cancer or uncontrolled metabolic or cardiovascular disease, (2)
prescriptions for medication that may affect metabolism, and
(3) disability or difficulty with regular walking. All participants
were recommended for regular exercise of at least five times
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per week by a doctor as part of the treatment for metabolic
syndrome, according to the current guideline [21].

Data Collection
All study participants underwent an 8 hour-fasting blood test
as part of a comprehensive health examination. Data on medical
history and anthropometric measurements of participants were
collated. Participants also completed a questionnaire about
demographics, medical history (diagnosis of or medication for
hypertension, diabetes mellitus, or dyslipidemia), and
health-related habits (smoking, drinking, and alcohol). To assess
physical activity at baseline, participants were asked about the
frequency and duration of vigorous and light/moderate physical
activity. Individuals who were classified as inactive reported
no sessions of light/moderate or vigorous activity of at least 10
minutes’ duration. Those classified as having some activity
reported at least one session of light/moderate or vigorous
physical activity of at least 10 minutes’ duration but did not
meet the definition of regular exercise. Those classified as
having regular activity reported three or more sessions per week
of vigorous activity lasting at least 20 minutes or five or more
sessions per week of light/moderate activity lasting at least 30
minutes in duration [6,21]. Participants were divided into
nonsmokers, former smokers, or current smokers, and into
nondrinkers (0-98 g/week) or drinkers defined as drinking of
an average of seven cups for men and five or more cups for
women, more than two times per week [23].

Participants’ BP was tested three times in the sitting position
after a 15-minute rest using a BP-203 RVII (Colin Corp, Aichi,
Japan), and the average measurement was recorded. Body
weight and height were measured using a digital scale and
stadiometer (BSM370, Biospace Co Ltd, Seoul), with patients
wearing a light gown without shoes. Body mass index (BMI)

was calculated as weight (kg) divided by height squared (m2).
Waist circumference was assessed by trained examiners
(following a normal expiration) at the midpoint between the
lower costal margin and the iliac crest, to the nearest millimeter.
Body composition, including percentage body fat and muscle
mass, were calculated via bioelectric impedance analysis
(Inbody 720, Biospace Co Ltd, Seoul). Blood samples were
collected from an antecubital vein after an 8-hour fast. Samples
were then analyzed at a laboratory in our hospital. Lipid profiles
were tested using an autoanalyzer (Hitachi 747, Hitachi Corp,
Japan) and an enzymatic colorimetric method. FPG levels were
evaluated using a glucose oxidase method and a Synchron LX
20 (Beckman Coulter, Fullerton, CA). All participants were
assessed again at 12 weeks after the start of the intervention.

Intervention Using the Wearable Device
All participants were advised to walk aiming at the consumption
of a minimum of 150 kcal per day, which was set based on the
standard recommendations for metabolic syndrome encouraging
a daily minimum of 30 minutes of moderate-intensity (such as
brisk walking) physical activity [21]. To estimate the required
amount of physical activity for our metabolic syndrome
participants, we referenced the study that determined the effects
of exercise amount and intensity of metabolic syndrome [24].
The intervention they used for the exercise training group with
a low amount of moderate-intensity physical activity was

equivalent to 1221 (SD 222) kcal/week with no significant
difference between genders. Considering their participants’

mean BMI of 29.9 (SD 3.2) kg/m2, and the estimated mean BMI

of 23.1 (SD 0.1) kg/m2 in Koreans with metabolic syndrome
(referenced to the study on 6561 metabolic patients among a
nationally representative sample of Koreans) [22], it made sense
to set the calorie goal of 150 kcal per day loss for our
participants to consume by exercising. Rather than informing
the participants about the number of steps to walk, we had them
put the minimum calorie goal of 150 kcal loss on their mobile
phone app, which was connected to the wearable device that
automatically calculated the required step counts to be taken
depending on the weight and height of the participants. Then
when the user walked, the app measured the estimated calorie
consumed, taking into account the walking speed.

Participants were given a wearable device (Coffee WALKIE
+Dv.3, GC Healthcare CI, Korea) fitted on the wrist or waist.
This wearable device has been certified by the Korea Testing
Laboratory (Certification Number: MSIP-CRM-NSJ-Coffee).
The device used was validated on the wrist with 86.7% accuracy
for the calories burned and 90.5% for the step counts.
Considering previous data showing that the waist attachment
site detects step counts better than that on the wrist [25,26], we
expected similar accuracy regarding the waist placement of the
device in our study. Moreover, increased wear times can occur
with the wrist placement site [27] and the US National Health
and Nutrition Examination Survey also used a step counter worn
on the wrist (2008-2014) or the waist (2003-2006) [25].
Therefore, we permitted the participants to wear the device
either on the waist or wrist, according to their preference.
However, all participants ultimately chose their nondominant
wrist as the attachment site, saying that it would be more
comfortable for all-day wear, handling, and checking of the
device. Detailed instructions on wearable device usage were
provided during face-to-face/one-on-one contact by the study
coordinator with each participant. Demonstration and instruction
sheets including on how to turn on/off and how to operate the
wearable device, download the app, and connect the mobile
phone and the wearable device to Bluetooth were performed.
Subsequently, the compatible app was installed on the mobile
phones of the participants, and this was connected to the
wearable device. To ensure that the participants become used
to the device, they were asked to individually try using it several
times under supervision. This practice lasted for approximately
30 minutes. Each participant also received a log-in identity and
password that granted them access to the mobile phone app and
website where they could track their physical activity over the
12-week study duration. The number of steps taken and calories
consumed were displayed on the device’s screen. In addition,
participants could check if they had achieved the amount of
daily walking. Their workout records were also registered on
an online program. An administrative webpage granted the
researchers access to check and track the step counts of the
participants on a daily basis.

Participants were instructed to wear the device for as many
waking hours as possible except while swimming and bathing.
All days of exercise were included in the analysis except when
the number of step counts exceeded 25,000 in one day, which
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is considered an extremely high count, or when participants
withdrew consent [28]. If the data from the wearable device
were not transmitted to the Web server for three consecutive
days, an automatic text message was sent to the participant to
encourage the use of the device and to see if they had any issue
with the device (in which case, they were asked to contact the
researcher to address the issue). We then checked the Web server
again to see whether step count data were being detected. If no
response was received from the user for 6 days in a row, the
researcher called to ask if they had any issue with the device or
whether it was being used appropriately. Participants who failed
to respond to the researcher and those who rejected participation
were considered to be dropouts. Thus, we were able to include
step records of at least one day of every week. Then we
estimated the daily step counts by dividing the total step counts
per week by seven. To be included in the analysis, at least one
day with any step counts was required. Laboratory-based studies
typically require 4 days or more of valid data to be included as
a study sample. However, quite a few studies required at least
one valid day to be included in the analysis, a method that is
consistent with the original examinations of the National Health
and Nutrition Examination Survey physical activity data.

Over the 12 weeks of the trial, participants were provided with
feedback by the nurse via phone on alternate weeks. A trained
nurse phoned each participant for personal counseling on their
physical activity every other week at an agreed-on time. This
included counseling regarding exercise practices and
encouragement to continue with the exercise regimen based on
current guidelines and recommendations on physical activities.
The telephone feedback followed a standardized script
(Multimedia Appendix 1) but was flexible depending on the
individual, including goal achievement. The consultant answered
questions or discussed problems regarding the use of the
wearable device, the app (Figure 1), and the exercise, and also
provided encouragement to continue with the exercise. This

intervention was designed to help improve problem solving,
goal setting, and self-monitoring. Participants also had access
to additional resources online.

Statistical Analysis
The sample size for the study was calculated based on the results
of a randomized weight-loss intervention using self-monitoring
mobile devices [29] that showed an effect size of 0.53. The
sample size was 24 for two-sided tests of significance at
alpha=.05 and power 1−beta=80%. To account for attrition, we
attempted to recruit approximately 30 participants in total.

Data are presented as frequency or proportion and mean and
standard deviation (SD) for normally distributed values, or
medians and interquartile ranges (IQRs) for nonnormally
distributed values. Changes in the components of metabolic
syndrome for each participant were examined from baseline to
follow-up visit (week 12). The Shapiro-Wilk test was employed
to test the normality assumption. To compare baseline
characteristics between the study completed and uncompleted
groups, we employed the independent t test for age and the
chi-square test for categorical variables. Comparisons of
metabolic components between baseline and at week 12 were
conducted using the paired t test (waist circumference, body fat
mass, and body fat rate). Because some metabolic parameters
were nonnormally distributed, the Wilcoxon signed-rank test
was used to detect differences between baseline and at week 12
(FPG, systolic/diastolic BP, triglycerides, HDL-C, low-density
lipoprotein cholesterol, and total cholesterol). A
repeated-measures analysis of variance (ANOVA) was
conducted to verify the difference in step count and calorie
expenditure changes by walking, at weeks 4, 8, and 12. All
analyses were performed using SAS version 9.3 (SAS Institute,
Cary, NC, USA), and a P value of <.05 was considered
statistically significant.
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Figure 1. Overview of the intervention using the wearable device and a mobile phone app. (A) Flowchart of participants’physical activity data collection.
(B) Administrative webpage allowing researchers to track the participants’physical activity. (C) App screen on the participants’mobile phones presenting
the goal setting of physical activity, progress toward the daily goal, total daily steps taken, and estimation of calories burned by physical activity
performed.

Results

Participant Characteristics
Of the 53 participants recruited, 20 participants with a median
age of 46 years completed the exercise monitoring schedule
over 12 weeks (Figure 2). The baseline characteristics of the
participants who completed the intervention are presented in
Table 1. There was a statistically significant difference in

participants’ age between those who did and did not complete
the intervention (mean 51.97, SD 8.49 years vs mean 44.20, SD
9.55 years; P=.003) (Table 1). The majority of participants
ceased monitoring their exercise within the first few weeks of
the study (Figure 3) primarily due to miscommunication between
their mobile device and the wearable device. Only five of the
participants who completed the trial (n=20) responded that they
had regularly exercised at baseline, whereas 55% (11/20) of
them had been physically inactive.
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Figure 2. Flowchart of patient enrollment and the reasons for dropout. Right-about: withdrawal of consent within 24 hours; lost to follow-up: participant
neither picked up the counseling call nor provided any reasons.
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Table 1. Clinical characteristics of the study participants.

P valueaComplete groupIncomplete groupTotalVariables

—20 (37.7)33 (63.3)53 (100)Participants, n (%)

.00344.20 (9.55)51.97 (8.49)49.04 (9.60)Age (years), mean (SD)

.2017 (85)22 (66.7)39 (73.6)Male, n (%)

.176 (30)5 (15.2)11 (20.8)Current smoker, n (%)

.304 (20)6 (18.2)10 (18.9)Former smoker, n (%)

.776 (30)12 (36.4)18 (34.0)Alcohol drinker,b n (%)

.205 (25)14 (42.4)19 (35.8)Regular exercise,c n (%)

.8111 (55)18 (54.5)29 (54.7)Physically inactive,d n (%)

Medication, n (%)

.819 (45)16 (48.5)25 (47.2)Antihypertensive

.304 (20)11 (33.3)15 (28.3)Antidiabetic

.285 (25)13 (39.4)18 (34.0)Antihyperlipidemia

.19Total number of abnormal metabolic components, n (%)

13 (65)18 (54.5)31 (58.5)3

6 (30)7 (21.2)13 (24.5)4

1 (5)8 (24.2)9 (17.0)5

Have abnormal metabolic component, n (%)e

.2618 (90)26 (78.8)44 (83.0)Central obesity

.5913 (65)16 (48.5)29 (54.7)Hyperglycemia

.1217 (85)31 (93.9)48 (90.6)High blood pressure

.00214 (70)30 (90.9)44 (83.7)Hypertriglyceridemia

.2413 (65)16 (48.5)29 (54.7)Low high-density lipoprotein cholesterol (HDL-C)

aP value was obtained by chi-square test or independent t test.
bAlcohol drinking was defined as drinking of an average of seven cups for men and five or more cups for women, more than two times per week.
cRegular exercise was defined as having regular activity three or more sessions per week of vigorous activity lasting at least 20 minutes, or five or more
sessions per week of light/moderate activity lasting at least 30 minutes in duration.
dPhysically inactive was classified as participation in no sessions of light/moderate or vigorous activity of at least 10 minutes’ duration.
eCentral obesity: waist circumference ≥90 cm for men, ≥85 cm for women. Hyperglycemia: fasting plasma glucose ≥100 mg/dL or the use of antidiabetes
medication. High BP: systolic BP ≥130 or diastolic BP ≥85 mm Hg or the use of antihypertensive medication. Hypertriglyceridemia: fasting plasma
triglyceride ≥150 mg/dL or the use of lipid-lowering medication. Low HDL-C: fasting plasma HDL-C<50 mg/dL for women, <40 mg/dL for men.
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Figure 3. Timeline of participant dropout.

Mean Number of Steps and Amount of Calorie
Expenditure
The mean number of steps per week on weeks 4, 8, and 12 are
described in Table 2. For the first 4 weeks, the participants
walked 7616 steps daily and then increased the step counts to
8244, which was equivalent to a 17.5% increase from week 4,
for the next 4 months. Between week 8 and week 12, the number
of steps remained at the same level as that of week 4. Although
there was no statistically significant upward tendency in step
counts over time, the results indicated that the participants
walked more for the first 8 weeks after enrollment in the trial
and maintained the amount of walking at the same level for the
last 4 weeks. Thus, it was assumed that the participants

consumed a mean of approximately 420 calories daily by
walking. Additionally, there was no significant difference in
week 4 (P=.90), week 8 (P=.52), and week 12 (P=.63) in step
counts between the participants who had regularly exercised
before the study and those who had not (Table 2).

Resolution of the Metabolic Syndrome Status
At 12 weeks following the intervention, metabolic syndrome
was resolved in 9 of 20 (45%) participants. We also noted a
significant reduction in metabolic syndrome prevalence between
baseline and follow-up (Figure 4). The number of metabolic
abnormalities decreased in 11 of 20 (55%) participants. In 7 of
20 (35%) participants, there was no change in the number of
metabolic abnormalities following the intervention. Metabolic
syndrome was aggravated in 1 (5%) participant.

Table 2. The daily mean number of steps walked and estimated calories burned (N=20) for groups 1 and 2a.

P valuebGroup 2 (n=15), mean (SD)Group 1 (n=5), mean (SD)Total (N=20), mean (SD)Week and measure

Week 4

.907550.7 (4036)7811.3 (2622)7615.8 (3669)Daily steps

.40391.2 (184)468.0 (117)410.4 (171)Daily calories burned

Week 8

.527925.2 (3727)9202.0 (4062)8244.4 (3746)Daily steps

.30411.7 (187)548.7 (258)445.9 (208)Daily calories burned

Week 12

.637282.6 (3640)8194.0 (3440)7510.4 (3525)Daily steps

.57398.2 (172)448.6 (160)413.7 (211)Daily calories burned

aGroup 1: the participants who regularly exercised at baseline; group 2: the participants who did not regularly exercise at baseline.
bDerived from a t test to compare step counts and calories burned between the participants who regularly exercised at baseline and those who had not.
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Mean Change of Each Metabolic Component
The total number of metabolic impairment components in the
20 participants decreased from 68 to 58, indicating that the mean
number of metabolic impairment components per person
decreased from 3.4 to 2.9 (Figure 4B). Figure 5 shows the
changes in the data of each metabolic component and body
composition. After the intervention, systolic BP and diastolic

BP significantly decreased by 6.71% and 7.98%, respectively,
compared to the baseline assessment (both P=.02). The levels
of FPG (9.24%) and triglyceride (7.49%) also decreased
considerably compared to the baseline; however, these changes
were not statistically significant. Furthermore, there were no
significant differences in body weight, waist circumference,
and body fat between baseline and week 12.

Figure 4. Change in the metabolic abnormality status in study participants from baseline to follow-up at 12 weeks. (A) Resolution of metabolic
syndrome. (B) Changes in components of metabolic syndrome.
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Figure 5. Changes in metabolic components and body compositions after the 12-week intervention. †: Wilcoxon signed-rank test; BP: blood pressure;
HDL: high-density lipoprotein; LDL: low-density lipoprotein.

Discussion

Principal Results and Comparison With Prior Work
To the best of our knowledge, we conducted the first pilot study
to explore the potential and barriers of adoption of connected
care technologies using wearable activity trackers with a mobile
phone app for metabolic syndrome patients’ management in a
clinical setting. Our results showed that this intervention
promoted physical activity for 12 weeks, resulting in significant
improvement in metabolic impairments—especially in
BP—leading to a 45% metabolic syndrome resolution rate.
However, we saw a high dropout rate, revealing substantial
obstacles in applying this technology in real life.

The main finding of this study was a significant decrease in
systolic BP by 9.2 mm Hg (6.71%) and diastolic BP by 6.65
mm Hg (7.98%) 12 weeks after the first use of the device. The
degree of reduction in systolic BP observed in our study is
equivalent to that obtained through antihypertensive medications
with a mean of 8.8 mm Hg (95% confidence interval [CI] −9.58
to −8.02). It was also superior to that obtained through structured
exercise interventions with a mean of 4.84 mm Hg (95% CI
−5.55 to −4.13) according to a recent meta-analysis of 391
randomized controlled trials comparing the effect of medications
and exercise regimens on systolic BP [30]. Additionally, systolic
and diastolic BP were the most improved components among
the metabolic indexes in our study, which is consistent with
prior study, showing that systolic and diastolic BP were most
inversely related with steps per day tracked by a pedometer
[31]. It is well established that regular walking is effective in
BP control by improving vasodilatory function, lowering
vasoconstrictor tone, and mainly decreasing endothelin-1
endogenous bioavailability. However, walking is required to

be almost daily for a significant improvement in BP [32].
However, many people reportedly find it difficult to maintain
daily walking without any motivation or feedback [16]. In this
context, the observed step counts and estimated calorie
expenditure at weeks 4, 8, and 12 were quite impressive given
that more than half the participants had not engaged in any type
of exercises at baseline.

For the mean number of steps taken throughout the trial, there
was obviously a consistency in the walking behavior among
the participants who completed the 12-week intervention. For
the first 4 weeks after wearing the device, the participants
walked on average 7616 steps daily. This value is equivalent
to the “moderately active” level according to the steps-per-day
categories and classification system of Tudor-Locke and Bassett
[33]. Furthermore, the participants took 17.5% more steps to
reach 8244 in the next 4 months. Between weeks 8 and week
12, the number of steps remained at the same level as that shown
in the first 4 weeks. Thus, these results indicate that the
participants fulfilled the amount of physical activity during the
12 weeks of trial that was recommended in the current guidelines
for metabolic syndrome management. Given that only five
participants in our study conducted regular exercise at baseline,
it was assumed that at least 55% of the participants started being
more physically active than before enrollment in the trial.

Although the number of steps that they had walked before
enrollment in the study was not assessed, our data showed no
significant difference in step counts between those who had
regularly exercised before the study and those who had not. It
is clinically meaningful for people who were once physically
inactive to maintain a moderately active level for 12 weeks,
which can be considered a driving contributor to the 45%
resolution in metabolic syndrome in our study.
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On the other hand, this study failed to see a significant reduction
in waist circumference, which is the main indicator of metabolic
syndrome. This is in line with the finding of previous studies
that saw no improvement in waist circumference or body weight
despite having promoted physical activity through feedback
using wearable devices [34,35]. The result is possibly due to
the increase in physical activity without dietary intervention,
which is not sufficient to bring about weight loss.

Traditional metabolic syndrome therapies are focused on
reducing insulin resistance through dietary control, physical
exercise, and lifestyle modification. However, the majority of
the general population have no or difficult access to personally
supervised exercise programs or fitness centers with personal
health trainers [11]. Moreover, it is challenging for patients with
metabolic syndrome to correct their sedentary lifestyle and
sustain health-related changes in their everyday lifestyle [21].
Although doctors can prescribe medications, they cannot
constantly oversee the routine of their patients. Therefore, it is
important to implement strategies to encourage or support
physical activity on a daily basis among patients with metabolic
syndrome. Mobile phones have evolved as an integral part of
people’s lives, and innovative apps support consumers in various
ways. With an upsurge in mobile phone distribution, Korea is
one of the countries with the highest number of mobile phone
users worldwide [36]. The development of mobile phones with
advanced computer technology to support Web browsing,
third-party apps, wireless connectivity, and sensors (eg,
pedometers, accelerometers, and global positioning system
trackers) has opened up a new era for personal health
self-management [16]. Along with a wide distribution of mobile
phones and innovative mobile apps, several low-cost or free
health care self-management apps have been developed for
continuous and personalized tracking of daily activities.
Historically, validated medical devices implanted with sensors
have been adopted in clinical studies and targeted research
conducted in medical settings. However, technological advances
in the measurement of activity (eg, steps), biochemistry (eg,
pH), and physiology (eg, blood oxygen saturation) have now
fostered the development of patient care and research outside
of the hospital setting [37].

Currently, most popular consumer-accessible wearable devices
estimate movements via accelerometers that apply algorithms
to calculate activity levels (generally in the form of steps taken)
and calories expended. These wearable devices differ from
traditional pedometers by adding a variety of techniques related
to health behavior changes, such as social support or
comparisons, goal setting, and rewards [38]. There are various
types of pedometers, ranging from simple and inexpensive ones
that quantify steps to technologically advanced accelerometers
that can measure the amount and intensity of physical activity
and total consumed calories in daily life [33-35]. These activity
monitors can be worn without major inconvenience, are easy
to use, and are compatible with most daily activities [31].
Previous reviews have already reported that physical activity
counseling is associated with a significant increase in
self-reported daily physical activity levels [39]. However,
self-reported measurements of physical activity cannot provide

valuable data because they are inaccurate, and there may be a
social desirability bias [31].

Studies have found that interventions consisting of counseling
combined with activity monitoring have a positive effect on
daily physical activity levels in participants with chronic disease
[7,9-11]. However, information regarding the effects of
counseling with activity monitoring on objective measures of
physical activity and health-related outcomes (eg, BMI, BP,
and lipid profiles) remains limited to date. Although the use of
wearable devices, such as wristbands, smart watches, and
biomonitors, has considerably increased worldwide,
comparatively few studies have investigated their effect on the
resolution of metabolic syndrome. The most important limitation
of wearable devices is that for the majority of users, most
devices fail to drive long-term sustained engagement. A recent
Pew Internet and American Life survey showed that over 59%
of customers in the United States who own an activity tracker
no longer use it and one-third of customers who own a device
no longer use it after 6 months [40]. Designing a strategy to
ensure sustained engagement is the key to the long-term success
of wearable devices in health care. Most products and services
offering a range of uses fail to cause a meaningful change in
users’health-related behaviors and habits; for example, activity
tracker users rapidly abandon devices that do not help them to
make positive changes and, ultimately, they fail to achieve
self-care in health [41,42]

Our study observed a significant dropout rate that was higher
than expected. One of the possible reasons was that our
participants were relatively older (median age 46 years)
compared to previous studies [16,36]. The participants who
failed to complete the trial were older than those who completed
it. This is consistent with previous research that investigated
the potential sociodemographic characteristics of individuals
using wearable activity trackers or mobile phone apps for
physical activity surveillance [38]. We included participants
who were daily mobile phone users of more than 3 months to
minimize the dropout rate caused by unfamiliarity with handling
of the app or of the Bluetooth on mobile phones required for
connecting the wearable device. Relevant research showed that
the older participants were more likely to be unwilling to try to
address the issues with mobile phones when that happens [41].
This can be an explanation for why most of those who dropped
out in our study did so during the first 4 weeks after they started
using the device. Despite efforts of researchers to solve the
technical issues when they happened and encourage the users
to try again, the majority of participants who experienced the
problems withdrew their consent due to dissatisfaction with the
device. Particularly, older participants had trouble learning how
to operate the device or getting used to it. Additional education
should have been provided for participants aged 50 years and
older to resolve any technical problems. This phenomenon
illustrates the importance of making smart medical devices
user-friendly in clinical settings, and suggests the main point
to be addressed when health providers consider applying this
digital health self-tracking system to their patients. Devices that
incorporate a function allowing users to change their habits will
encourage sustained behavioral changes and result in long-term
self-management of health care. Further study is needed to
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identify factors that influence users’ intention to continue using
connected care technologies and the reasons for usage
discontinuance.

Limitations
This analysis has several limitations that warrant consideration
when interpreting the results. First, the sample size was small,
and the intervention period was relatively short. The participants
were individuals undergoing health examination in Korea;
therefore, it is not possible to generalize our findings to other
ethnicities or geographic regions. Secondly, a significant
proportion of the participants were lost to follow-up. Moreover,
this study included only a few middle-aged women due to the
low number of women volunteers. During the study, we were
unaware if any participant received another commercialized
program for dietary control. Finally, our study had no control
group in which participants were provided with educational
programs to increase their physical activities instead of using
the wearable device. As a result, the positive findings seen in
this study might have come from participants’behavior changes
such as healthy dietary choice or motivation by the nurse’s
telephone feedback rather than the wearable device itself.

Despite these limitations, our study is considerably valuable
owing to several strengths. Firstly, to the best of the authors’

knowledge, this is the first study to explore the potential and
possible barriers to the adaptation of a wearable device
connected to a mobile phone app for the management of
metabolic syndrome in a clinical setting. Another primary
strength of this study is the comprehensive health
examination-based screening performed that resulted in an
accurate diagnosis of metabolic syndrome by a family medicine
doctor, unlike previous studies in which the diagnosis of
metabolic syndrome was based on self-reports. Therefore, recall
bias and the risk of disease misclassification were minimized.
Furthermore, the study collated detailed information on
participants’ medical history, demographics, and laboratory
results, which allowed the exclusion of ineligible participants
and adjustments for important potential confounders during the
analysis.

Conclusion
In conclusion, this study found that a 12-week intervention via
feedback based on a wearable physical activity monitor helped
metabolic syndrome patients to engage in more regular walking
and improved impaired metabolic components especially in
terms of BP. However, some practical challenges need to be
addressed with respect to patients’ adherence and sustained
engagement.
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