Clinical Care/Education/Nutrition/Psychosocial Research

BRIEF REPORT

Internet Diabetic Patient Management
Using a Short Messaging Service
Avtomatically Produced by a Knowledge

Matrix System

CHuLsik Kim, MD, PHD
HapyiNn Kim, MD

Jisun Nam, mp

Minno CHO, MD
JoNGsuk Park, MD
EunstEok KANG, MD, PHD

CHULWOO AHN, MD, PHD
BoNGsoo CHA, MD, PHD
EunjiG LEE, MD, PHD
SUNGKIL LM, MD, PHD
KYUNGRAE KiM, MD, PHD
HyunchHuL LEE, MD, PHD

ifelong strict self-care is essential in
the management of diabetes, along
with easy access to the health care
system (1-3). However, there is an evi-
dent limitation in fulfilling these condi-
tions in the current health care system,
which is oriented toward outpatient care
(4=7). Thus, various strategies have been
designed to improve the quality and effi-
ciency of treating diabetic patients.
Wireless technology is a worldwide
communication system that allows a per-
son to contact others anywhere at any
time. Therefore, doctor-patient commu-
nication becomes possible anywhere with
the use of this system (8). Currently, in
civilized countries, nearly all adults and
adolescences have their own cellular
phones and use short message services
(SMSs) in their daily lives. Moreover, nu-
merous people are using ultra-fast Inter-
net services at work or in the home. We
designed an Internet-based diabetic pa-
tient management system using SMS that
was automatically produced by a knowl-
edge matrix. Subsequently, we compared
biochemical profiles and clinical status
between diabetic patients who used our
system for 12 weeks and those who re-
ceived the conventional outpatient man-
agement over the same time period.

RESEARCH DESIGN AND
METHODS — We developed a knowl-
edge matrix containing information on
proper diet and exercise for diabetic pa-
tients based on the Korea Staged Diabetes
Management Guideline (Table 1). More-
over, with the technical assistance from ISU
UBCare, we created a Web site program
(http://yds.healthkorea.net) that was used
to formulate appropriate messages through
an automated algorithm. We also designed
a device that had the dual function of a glu-
cometer and a pedometer. By connecting
this device to the patient’s cellular phone,
the measured data on the device were auto-
matically transmitted to his/her personal
data sheet on the Web site. Patients were
asked to keep a record on the Web site of
how much and what kind of food they ate,
as well as how much they exercised. When
these data were sent to the main menu, our
system automatically composed messages
that were then sent to the patient. In addi-
tion, patients could check their clinical data
by logging into the Web site where they
could obtain various information on diabe-
tes and incorporate the information into
their daily lives for better self-management
of diabetes.

Eighty type 2 diabetic patients were re-
cruited (mean age 48.1 * 9.6 years, dura-
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tion of diabetes 7.8 = 6.7 years, 65.0%
male). They were randomly divided into in-
tervention and control groups equally.
Patients were excluded if they had any con-
comitant disease that might affect the out-
comes of the study or patient compliance (9).

We measured anthropometric data,
blood pressure, and biochemical profiles
of the participants after 8 h of fasting at
the start of the study and at 12 weeks.
Patients in the intervention group were
taught how to use our system for 12
weeks without any outpatient visits. Pa-
tients in the control group were provided
with glucometers and received their usual
outpatient management from their physi-
cians. The protocol was approved by the
local ethical committee.

RESULTS — Thirty-five patients in the
intervention group and 36 patients in the
control group completed the experimen-
tal protocol over a 12-week period. Dur-
ing the study period, the intervention
group checked blood glucose more fre-
quently than the control group (167.1 *
88.2 vs. 44.6 £ 24.4, P < 0.001). The
average frequency of diet-related data in-
put and pedometer data transfer to the
system in the intervention group was
12.7 = 3.0 and 56.9 = 13.7 per day, re-
spectively. After 12 weeks, daily calorie
consumption increased significantly in
the intervention group (from 178.1 =
76.4 10 381.3 = 132.1 keal, P < 0.001).

Neither drug modification nor a hy-
poglycemic event was reported in the two
groups during the trial. Upon the fol-
low-up examination at 12 weeks, the
body weight was decreased from 66.6 *
11.81t064.7 = 10.2 kg in the intervention
group (P = 0.037), while no change was
observed in the control group (69.7 *
121 t0 69.2 £ 11.1 kg, P = 0.117). A
significant reduction in A1C was ob-
served in the intervention group (from
8.06 =1.40t07.34 £ 1.07%, P <0.001)
but not in the control group. Fasting and
postprandial glucose levels were also sig-
nificantly decreased in the intervention
group (from 159.4 * 43.7 t0 132.3 *
29.8 mg/dl, P < 0.001 and from 233.4 *
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Internet diabetic patient management

Table 1—Organization of the knowledge ma-
trix system

Blood glucose (fasting, 2 h postprandial, and
bedtime)
Assessment of daily blood glucose levels
Assessment of mean blood glucose levels
over a week, frequency of blood
monitoring and hypoglycemic and
hyperglycemic events during a week, and
comparison with the previous week
Assessment of mean blood glucose levels
over a month, frequency of blood
monitoring and hypoglycemic and
hyperglycemic events during a month, and
comparison with the previous month
Diet
Assessment of daily caloric intake and meal
balance
Assessment of weekly caloric intake, meal
balance, and high-fat diet and comparison
with the previous week
Assessment of monthly caloric intake, meal
balance, high-fat diet, and weight and
comparison with the previous month
Exercise
Assessment of duration, frequency, and types
of daily exercise
Assessment of duration, frequency, and types
of weekly exercise and comparison with
the previous week
Assessment of duration, frequency, and types
of monthly exercise and comparison with
the previous month

The contents of the messages are composed of as-
sessment (n = 142), recommendation (n = 52), en-
couragement (n = 74), and compliment (n = 56)
that correspond to the patient’s current status con-
cerning their glucose level, diet, and exercise.

95.7 t0 180.9 * 59.4 mg/dl, respectively,
P = 0.001). However, no such changes
were observed in the control group.

At the end of this study, A1C levels
were significantly decreased in the interven-
tion group compared with the control
group (0.72 £ 0.80 vs. 0.15 * 0.85% A
from baseline, respectively, P = 0.005).
Fasting glucose and postprandial glucose
levels were also significantly decreased in
the intervention group compared with the
control group (27.1 = 38.6 vs. 2.3 = 33.8
mg/dl A from baseline, P = 0.005 and
525+ 823 vs. 2.5 = 65.1 mg/dl A from
baseline, respectively, P = 0.006). How-
ever, total cholesterol, triglyceride, and LDL
and HDL cholesterol levels in the interven-
tion group were not significantly different
compared with those in the control group
(P = 0.194, 0.897, 0.951, and 0.105,
respectively).

CONCLUSIONS — Web-based dia-
betes management systems that provide in-
teractive components have already been
proven to be effective in glucose control
(10). However, our study was unique in
that clinical recommendations were auto-

matically generated through the preformed
knowledge algorithm. There were several
reasons for the improved glucose control in
the intervention group. Primarily, the pa-
tients were provided with medical advice
more often than those in the control group.
Besides, they received medical feedback
based on their most recent clinical data.
These factors may have inspired the patients
to more actively modify their lifestyle for
better glucose control. In particular, the pe-
dometer data that represented the amount
of patient’s daily activity might actually
serve as a strong motivator for the patients
to exercise more (11-13).

Of the 40 patients in the intervention
group, 35 patients completed the study.
Of five patients withdrawn from the
study, three used our system throughout
the study period, whereas two did not re-
visit our hospital at 12 weeks. Therefore,
at the end of this study, patient compli-
ance with our new system was 92.5% (37
of 40), and the survey on patient satisfac-
tion scored 4.1 points out of 5 (data not
shown). Our system not only lowered the
patients’ blood glucose levels but also
helped sustain the decreased levels be-
cause the system could continuously
prompt the patient’s intrinsic motivation
to control their glucose levels.

Furthermore, we believe our system,
which provides patients with medical ad-
vice formulated from an automated algo-
rithm via SMS, is far more economic than
the similar systems previously introduced
(8), in which medical personnel were re-
quired for the same process.

In this study, although we have dem-
onstrated that our system can reduce A1C
levels during a short-term study period of
12 weeks, the long-term effectiveness of
the system on the management of diabe-
tes remains to be determined.

In conclusion, our study suggests that
Internet-based monitoring and comput-
erized management of diabetes may be
more effective than the conventional
management. However, more studies are
required before it can be universally used.
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