Original Article

Healthc Inform Res. 2014 October;20(4):288-294.
http://dx.doi.org/10.4258/hir.2014.20.4.288
pISSN 2093-3681  elSSN 2093-369X

HIR

Healthcare Informatics Research

Effectiveness of the Smart Care Service for
Diabetes Management

Young-Soon Chung, RN, PhD', Yongsuk Kim, RN, PhD?, Chang Hee Lee, MS’

'Department of Nursing, Sunlin College, Pohang; Department of Nursing, Daegu Haany University, Daegu; *Future IT R&D Lab., LG Electronics Woomyeon
R&tD Campus, Seoul, Korea

Objectives: The aim of this study was to assess the effectiveness of the Smart Care service for the diabetes management.
Methods: Fifty-six patients with diabetes mellitus were recruited in Daegu, Korea. All participants completed a diabetes
management education course (diet, exercise, and complications) for their self-care and received access to a care manage-
ment website through a netbook and smartphone. The website accepts uploads of glucose level, body weight, HbAlc, low-
density lipoprotein cholesterol level, and blood pressure. Participants communicated with the care manager through the
internal management system of the website. The intervention was applied for 6 months. Results: Participants receiving the
Smart Care service had lower blood glucose and HbAlc during 6 months follow-up when 1-month values (p < 0.001) were
compared. There was no significant difference in body weight and body mass index between 1 month and 6 months. The
average number of remote consultation with the Smart Care service per person was 10.4 by nurses, 3.0 by nutritionists, and
1.6 by sports curers. Regression analysis indicated that the number of times counseling was offered by nurses influences body
weight and that the number of minutes of telephone counseling influences both body weight and body mass index. Con-
clusions: We have confirmed that the Smart Care service might be an effective system for reduction in blood glucose and
HbAlc. We expect that the Smart Care service will contribute to delaying diabetes complications and improving the quality
of life of patients with diabetes.
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In the past, one of the vital purposes of medicine was the
management of acute diseases; however, the main task of

medicine is the management of chronic diseases today.
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Longer life expectancy, population aging, and increases in
chronic diseases, especially higher diabetes prevalence, have
all helped direct social attention towards health management
and the quality of life, thereby amplifying the demand for
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medical care on a daily basis [1,2]. A report on diabetic pa-
tients in Korea indicates that 10.1% of persons aged 30 years
or older as well as 22.7% of those aged 65 years or older have
the disease [3]. As in-hospital treatment of patients with dia-
betes is a great financial burden to the healthcare system, it
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is recommended that each patient should self-manage their
condition when it is necessary to have efficient communica-
tion without time restrictions between the patient and the
specialist as well as to reduce medical cost [4,5].

According to InformationWeek Healthcare, an online jour-
nal, 78% of 1,002 survey participants recently cited insuf-
ficient amount of time as a problem in the communication
between patients and medical specialists [6].

The medical community has been considering a new para-
digm of using the internet and mobile communications to
deal with this issue [7,8]. Yu et al. [8] studied the u-Health
remote health service system; the diabetic management pro-
gram included consultation sessions with research nurses
based on the transmitted data from the blood glucose
monitoring system by using mobile phones. Cho et al. [9]
instructed their patients to transfer glucose, blood pressure,
and body weight data for the nurses, nutritionists, and en-
docrinologists to monitor. Feedback was given at the request
of a patient or upon the observation of significant changes
in blood glucose level. Kim [10] reported improvements in
HbA1c just through providing patients with simple mobile
phone texts and Web-based feedback. There are ongoing
studies actively testing a variety of software and u-Health
medical equipment in search of alternative methods of medi-
cal communication for the self-care of patients with chronic
illness [11-15]. The u-Health service is expected to change
the venue of medical service from conventional hospitals
to personal everyday spaces, making it easier for patients to
self-manage their chronic conditions [5,16,17]. With little
time restriction between the patient and the medical expert,
the u-Health service is also anticipated to provide patients
with self-confidence in managing their illnesses, to prevent
any possible complications, and to increase their compliance
with medical treatments [18].

An exemplary demonstration project that combines IT and
the u-Health service is the Smart Care service developed by
the Ministry of Knowledge and Economy of Korea [1,2,11].
The Smart Care system, currently under development for
public use, is an I'T-based everyday medical service intended
to reduce medical costs, especially for low-income house-
holds [11]. The outcomes of u-Health service funded pub-
licly and/or privately for the treatment of chronic illnesses
will provide basic clinical data to facilitate further u-Health
service projects. These will also expedite similar projects, ac-
celerating the commercialization of the u-Health service in
the near future [5,9,11-15].

From among the medical institutions participating in the
“2011 Smart Care demonstration scheme by the Ministry of
Knowledge Economy of Korea,” we chose a group of patients
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with diabetes from primary healthcare centers in Korea to
test the effectiveness of the Smart Care service by investigat-
ing pre-post service changes in blood glucose level, body
weight, body mass index, glycated hemoglobin (HbA1c) lev-
el, fasting glucose level, low-density lipoprotein cholesterol
level, and systolic/diastolic blood pressure.

Il. Methods

1. Design

The present study examined all diabetes indicators in pa-
tients with diabetes who used the Smart Care service in or-
der to look for any significant changes resulting from the use
of the service. Previous studies on the effectiveness of the u-
Health service have been mainly conducted in tertiary medi-
cal institutions [8-10], with few being carried out by primary
healthcare institutions. The present study focused on the
applicability of the u-Health care service in primary health-
care facilities; therefore, a study design was adopted in which
there was a single experimental group for the comparison of
data before and after the intervention.

2. Participants

The study included 56 patients with diabetes who were re-
cruited through leaflets and posters introducing the Smart
Care service. They were receiving drug treatment in primary
healthcare institutions located in Daegu, Korea, between De-
cember 2011 and August 2012. Clinically experienced and
licensed nurses who had received training on the Smart Care
system and diabetes were charged with explaining to the
interested patients the purposes and objectives of the study.
Patients with serious kidney or liver complications were ex-
cluded from the study.

3. Procedure
Participating patients received six months of remote treat-
ment that covered disease management consultations, care
planning, drug administration, dietary and nutritional man-
agement, as well as an exercise regimen, while the existing
hospital treatment and medications prescribed for their ill-
ness were maintained. Health specialists at the Smart Care
service center included doctors who managed the overall
center, full-time nurses who provided consultations and edu-
cational services, nutritionist, and sports curers. All the staff
members were appropriately licensed, and they had com-
pleted separate diabetic management courses on the subjects
of the Smart Care service system, namely, diet, exercise, con-
sultations, and education.

Participants were supplied with a blood glucose monitoring
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system, a body composition analyzer (InBody IH-U070B;
Biospace, Seoul, Korea), and a computer terminal (a PC or a
smartphone) installed with the Smart Care service program.
Personal training visits were given to each patient to teach
them how to use all the contents. Patients using the system
were to estimate their blood glucose and body composition
levels at home at least once a day, or 4 times at most, and to
send the data to the Smart Care service center. In addition,
the primary healthcare centers transmitted the patients’ lab-
oratory data that were collected from the patient’s hospital
visits (five times or more) to the Smart Care central server
during the study period. On the basis of the test results and
the lifestyle record, a monthly health report, including a
personalized exercise routine and a dietary plan, was sent to
each patient. A weekly version of the report was also deliv-
ered to inform the patient of his or her health evaluation and
health-related concerns.

Nurses conducted most of the consultations, with the nutri-
tionists contacting the patients to give personal advice when
necessary. Sports curers spoke to patients over the telephone
when they were asked to provide guidance and instructions.

4. Ethical Concerns

The Smart Care demonstration project received authoriza-
tion from the Ministry of Health and Welfare of Korea in
accordance with Article 44 of the “Framework Act on Health
and Medical Services” (Health and Medical Services Dem-
onstration Projects). Those who were eligible and agreed to
participate were provided explanations by research assistants
about the general rationales of the study, and they were
asked to complete a package of written forms, including a

participation consent form.

Table 1. Characteristics of participants (n = 56)

Characteristic No. (%)

Gender

Male 34 (60.7)

Female 22 (39.3)
Age (yr), mean + SD 552 +8.1

<40 19 (33.9)

41-50 22 (39.3)

51-60 12 (21.4)

>61 3 (5.4)
Type of device

Netbook 28 (50.0)

Smartphone 28 (50.0)
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5. Statistical Analysis

IBM SPSS ver. 20 (IBM, Armonk, NY, USA) was used for
data analyses. Descriptive data on the participants and their
service usage are presented in numbers, percentages, means,
and standard deviations. To evaluate changes induced by the
6-month Smart Care service, repeated measure ANOVA was
carried out for the glucose level, body weight, and body mass
index, whereas a paired t-test was adopted for the HbAlc
level, fasting glucose level, low-density lipoprotein choles-
terol level, and systolic/diastolic blood pressure. Multiple
regression analysis was used to determine which Smart Care
service affected blood glucose level, body weight, body mass
index, HbAlc, fasting glucose level, low-density lipoprotein
cholesterol level, and systolic/diastolic blood pressure.

I1l. Results

1. Characteristics of Participants and Frequency of Blood
Glucose Test

The participants included 34 men and 22 women, totaling

56 patients. The mean age of the participants was 55.2 years

(Table 1). The frequency of blood glucose tests averaged 21.3

times during the first month and was reduced to 13 times in

the final sixth month (Table 2).

2. Provided Smart Care Service

Table 3 gives the overall regularity of the service as requested
by the patients (inbound call service) and as initiated by the
service provider (outbound call service) in providing consul-
tations and education to the patients. As for the inbound ser-
vice, 56 patients used telephones, which represents 4.7 times
per person on average, whereas 28 patients used video calls
(2.2 times per patient), and 11 used online messaging (10.4
times per patient). The outbound service initiated by the
health specialists of the center occurred through telephone
calls to 56 patients (12.8 times per patient on average), video
calls to 5 patients (1.2 times per patient), and online mes-
saging to 11 patients (10.4 times per patient). Weekly and

Table 2. Frequency of blood glucose monitoring (n = 56)

Frequency of blood glucose monitoring Mean (SD)
1st month 21.3(30.5)
2nd month 22.9 (31.7)
3rd month 20.9 (30.8)
4th month 17.8 (28.3)
5th month 17.4 (28.3)
6th month 13.0 (27.6)

290  www.e-hir.org

http://dx.doi.org/10.4258/hir.2014.20.4.288



HIR

monthly health reports were delivered to 56 patients (25.3
times per patient) and 56 patients (5.2 times per patient), re-
spectively. An average telephone consultation session lasted
for 76.1 minutes per person.

Table 3. Average number of provided service during 6 months

Variable No. Mean (SD)
Inbound call service®
Telephone counseling 53 4.7 (3.5)
Video consultation 28 2.2(1.9)
Online message consultation 11 10.4 (25.7)
Outbound call service®
Telephone counseling 56 12.8 (3.71)
Video consultation 5 1.2 (0.4)
Online message consultation 11 10.4 (25.7)
Frequency of delivered results and
comments from the center to a person
Weekly health reports 56 25.3 (0.5)
Monthly health reports 56 5.2(0.4)
Healthcare managers counseling
By nurses 56 10.4 (3.7)
By nutritionists 56 3.0(0.9)
By sports curers 56 1.6 (1.0)
Counseling minutes per person‘
Total telephone counseling minutes 56 76.1 (32.2)

*Call from participants to the center, °call from the center to

participants, ‘during 6 months.

u-Health Service for Diabetes

3. Changes in Test Results after the Smart Care Service
Blood glucose showed a decreasing trend from the initial
163.8 to 149.1 mg/dL at the 4-month point, and further
down to 146.4 mg/dL at the 6-month point (p < 0.001). The
changes in body weight and body mass index were not sig-
nificant (Table 4).

The mean initial HbA1c was 7.5%, which decreased to 6.6%
after 6 months (p < 0.001). The change in the fasting glucose
level was also significant, with the initial mean estimated at
192.8 mg/dL, decreasing to 145.5 mg/dL after 6 months (p
< 0.01). A similar significant tendency was found for low-
density lipoprotein cholesterol (p < 0.05). Both systolic blood
pressure and diastolic blood pressure dropped after the ser-
vice duration, with statistical significance, from 125 to 119.6
mmHg and from 72.1 to 67.9 mmHg, respectively (p < 0.01)
(Table 5).

4. Smart Care Service Influencing Laboratory Data

Multiple regression analyses were used to identify significant
predictors of blood glucose level, body weight, body mass
index, HbAlc, fasting glucose level, low-density lipoprotein
cholesterol level, and systolic/diastolic blood pressure (Table
6). A separate multiple regression analysis was performed for
each dependent variable. Each analysis included the follow-
ing independent variables: number of consultations provided
by nurses, number of consultations provided by nutritionists,
number of consultations provided by sports curers, minutes
of telephone counseling, and number of video consultations.

Table 4. Change of blood glucose, body weight, and body mass index during 6 months (n = 56)

Variable 1st month  2nd month  3rd month  4th month  5th month  6th month F p-value
Blood glucose (mg/dL) 163.8 (30.5) 157.2(33.9) 155.2(38.8) 149.1 (28.9) 151.8(37.3) 146.4(26.5) 6.2  <0.001
Body weight (kg) 64.6 (10.5) 64.2(10.2) 63.9(10.0) 63.9(10.0) 63.8(10.2) 63.7(10.1) 1.6 0.161
Body mass index (kg/m”) 24.1 (3.0) 23.9(2.9) 23.8(2.8) 23.8(2.8) 23.8(2.8) 22.7 (2.8) 0.9 0.381
Values are presented as mean (SD).
Repeated measure ANOVA was applied.
Table 5. Laboratory data of subjects before and after the Smart Care service
Variable No. 1st month After 6 months t p-value
HbAlc level (%) 30 7.5(1.2) 6.6 (0.8) 4.8 <0.001
Fasting blood sugar level (mg/dL) 35 192.8 (86.4) 145.5 (62.3) 2.9 0.006
Low-density lipoprotein cholesterol level (mg/dL) 23 95.1 (33.0) 87.3 (21.1) 2.1 0.044
Systolic blood pressure (mmHg) 49 125.0 (10.6) 119.6 (7.9) 3.0 0.004
Diastolic blood pressure (mmHg) 49 72.1 (10.4) 67.9 (8.1) 3.6 0.001

Values are presented as mean (SD).

Paired t-test was adopted.
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Table 6. Smart Care service influencing laboratory data
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PN Body weight (kg) Body mass index (kg/m?)
B B t p-value B B t p-value
Constant -0.45 -0.25 0.809 0.24 0.24 0.813
No. of consultations by nurses 0.37 0.56 2.46 0.025 0.13 0.45 1.66 0.120
No. of consultations by nutritionists -0.23 -0.07 -0.46 0.648 -0.12 -0.09 -0.47 0.649
No. of consultations by sports curers -0.14 -0.06 -0.33 0.749 -0.05 -0.05 -0.24 0.818
Minutes of telephone counseling -0.03 -0.38 -2.31 0.034 -0.01 -0.41 -2.24 0.044
No. of video consultation 0.08 0.38 1.81 0.087 0.05 0.45 1.80 0.095
Adjusted R* = 0.545 Adjusted R* = 0.487
F=6.27 F=441
p=0.002 p=0014

B is the unstandardized regression coefficient, f is the standardized regression coeflicient.

The regression model was significant for the dependent vari-
able of body weight (F = 6.27, p = 0.002, adjusted R* = 0.545)
and body mass index (F = 4.41, p = 0.014, adjusted R*=0.487).
Body weight was significantly predicted by the number of
consultations provided by nurses (p = 0.025) and minutes of
telephone counseling (p = 0.034). Body mass index was sig-
nificantly predicted by minutes of telephone counseling (p =
0.044).

IV. Discussion

The present study attempted to validate the effectiveness of
the Smart Care service by examining changes in diabetes in-
dicators in patients with diabetes receiving treatments from
primary health institutions. The project provided patients
with a specialized health management service by means of
two-way communication through netbooks or smartphones.
Several previous studies have dealt with patients registered
in tertiary healthcare institution [8-10], whereas the current
study focused on those registered with primary medical cen-
ters. Patients attended to by primary healthcare institutions
are more likely to be in an early stage of their illness and
have fewer complications, relative to their counterparts in
tertiary institutions. Patients in primary care units are there-
fore better positioned to benefit from remote health manage-
ment services and to be able to afford to continue with the
program for general education and motivation. The objec-
tives of the u-Health service for patients with diabetes are to
prevent macrovascular complications—such as myocardial
infarction, angina, stroke, and transient ischemic attack—
and microvascular complications—such as retinopathy,
kidney disease, nerve disorders, and foot ulcers—by keep-
ing glucose level, body mass index, HbAlc level, cholesterol
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level, and blood pressure within the reference ranges. This
could also help reduce general medical costs, as diabetes im-
poses a large financial burden on patients who often have to
be hospitalized repeatedly due to complications [19].

We believe that we have reached a point at which society
needs to agree that, to bring about meaningful changes in
lifestyles and health indicators in patients with diabetes, re-
mote IT-based health management service needs to replace
the existing home monitoring systems so that patients can
have access to feedback and real-time care from medical spe-
cialists [11]. As a first of its kind, the Smart Care service es-
tablishes a central service center and provides patients with
specialist health consultations through telephone, video, and
online messaging on a regular and on-demand basis. As a re-
sult, all diabetes indicators, including glucose level, HbAlc,
fasting glucose level, low-density lipoprotein cholesterol
level, and systolic/diastolic blood pressure, improved signifi-
cantly, except for body mass index and body weight. After
the 6-month period of Smart Care service, the mean post-
meal blood glucose was within the reference range at 146.4
mg/dL (normal range 90—-180 mg/dL for 2 hours after meal),
whereas the fasting sugar level was beyond the reference
range at 145.5 mg/dL (normal range 70—130 mg/dL). The
HbA1lc was 6.6%, close to the reference range (normal range
for <6.5%) [20]. From previous studies [8-10], we noted that
a short study period would make it difficult to validate the
effectiveness of an experimental service. Moreover, even if
a study lasted for a longer duration, the effectiveness was
restricted when there were no face-to-face interactions be-
tween the patients and care providers [9,10]. The present re-
gression analysis indicated that the number of consultations
provided by nurses influences body weight, and that minutes
of telephone counseling influence both body weight and
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body mass index. These results provide preliminary evidence
that counseling has positive intervention effects on control of
body weight and body mass index. As some previous studies
have indicated, an I'T-based u-Health service should provide
emotional support and encouragement to the patient in ad-
dition to providing personal counseling for proper self-care
management, rather leaving patients to depend on the tech-
nological and mechanical aspects of the service [21,22].

Our results show that the frequency of checking blood glu-
cose was initially an average of 21.3 times, but it decreased
to 13.0 times at the 6-month point. It is thought that the
patients were at first eager to check their levels when the fig-
ures were unstable, but they seem to have gradually lost in-
terest as the indicators showed more stable values with time.
It is therefore necessary to give patients more encourage-
ment and counseling so that they would continuously attend
check-ups. Following the relevant guidelines based on the
current glucose level and reacting to any unwanted changes
can not only reduce the necessity for hospital visits but also
help prevent microvascular complications [19,23]. It has
been reported that stabilized fasting blood glucose levels can
lead to a lower prevalence of cardiovascular complications
and a lower death rate in patients with type 2 diabetes [24].

The present study offers a few unique aspects compared
with other studies on patients with diabetes. First we of-
fered the patients weekly interactions with the medical team
through telephone/video calls and online messaging, over-
coming the drawback that existing u-Health services do not
offer continuous contacts with medical personnel, with the
patient only transmitting their test data to the central service
[25]. These sessions were intended to follow the core objec-
tives of the u-Health service, which were to save time and
monetary cost that patients would incur if they visited the
hospital. Second, we delivered such health-related contents
as test data analysis and health information to patients once
a week. The medical team would check blood glucose data
transmitted by patients and send back appropriate feedback
in return, as well as educational material and encouragement
to patients to manage their glucose levels. This is thought to
be an ideal way to maintain interest and motivate patients
about diabetes management.

The present study indicates that it might be necessary to
consider an IT-based remote health management system
through which medical specialists can provide monitoring
service and feedback to diabetes patients so that they would
aim to improve their lifestyle and induce significant changes
in their blood glucose levels. Although the service is depen-
dent on IT and is remotely administered, the focus should be
on the provision of active medical interventions on the part
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of the health specialists. It would be vital for patients to feel
confident about their capability in disease management and
prevention of complications. The fundamental part of diabe-
tes management is to check blood glucose levels on a regular
basis and understand each patient’s personal attributes in
order to find out how to keep the levels within the refer-
ence range without much variation. The ultimate aim would
be to prevent complications. Health specialists are strongly
advised to continue encouraging and interacting with their
patients to this end.

The present study had a few limitations. First, we focused
on the application of the u-Health service to patients in
primary healthcare institutions where a control group was
lacking in the study design. Although we succeeded in vali-
dating the potential effectiveness of the Smart Care service,
we should have had a control group to make certain that the
changes we observed in terms of the blood glucose level,
cholesterol level, and blood pressure were indeed due to
the Smart Care service. To correct this issue, we are in the
process of conducting another study in a university hospital
setting, consisting of an experimental group and a control
group. Another issue is that there was a slight dropout rate
regardless of the patient education and motivation pro-
vided by the health service team. The reasons for dropping
out were manifold: lack of time, finding the tools being too
difficult to use, not wanting to continue, no response, and
others. Reflection on this issue and finding ways to reduce
the loss of participants would be helpful for future studies.
Regardless of these drawbacks, the current study was able
to substantiate the effectiveness of the Smart Care service;
useful data was gathered and analyzed and may be helpful in
determining directions for further u-Health projects.
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