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“INFO-MEDICINE CONCEPT”, INFORMATION CAN BE A MEDICINE IF IT
IS PROVIDED IN A TIMELY AND APPROPRIATE MANNER

Naoki Nakashima®, Sozo Inoue®, Hiroko Tsuruta‘, Osamu Sudo®,

Kunihisa Kobayashi®, Toyoshi Inoguchi*

® Department of Medical Informatics, Kyushu University Hospital, Japan
Y Graduate School of Engineering, Kyushu Institute of Technology, Japan, ° Carna Health Support Co., Japan,
4 University of Tokyo, Tokyo, Japan,
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ABSTRACT

According to a new concept of “info-medicine” which
means that information can be a medicine if it is provided
in a timely and appropriate manner, we established a test
bed of disease prevention system for diabetes mellitus. To
create info-medicine for metabolic syndrome X, a kind of
pre-diabetic state, we combined mesh network with
several kinds of wearing/ fixed sensors, and algorism on
the electronic critical pathway system. Every sensor could
transmit sensing data up to the data center without
operation by the relation of Bluetooth, Zigbee and Internet
transmission. Automatically created commendation or
remind messages were provided through PDA to users.
We conducted a verification study of the system for 11
days, and we got available data from 83 monitors. The
study showed that apparent increase of daily based
exercise, and behaviors shifted healthier after healthcare
instruction using the info-medicine program. This study
suggests a potential possibility of the info-medicine for
lifestyle related disease.

Keywords: Disease Management, Diabetes Mellitus,
Metabolic Syndrome X, Lifestyle, Wearing Sensor
Network

1. INTRODUCTION

In the last Medinfo-Brisbane (2007), we reported that
our disease management system corresponding to the
Japanese nationwide health check-up “and healthcare
instruction program (Tokutei-Kenshin) started in 2008,
The program itself can be considered as a national disease
management program for metabolic syndrome X. We
conducted a system verification experiment by cooperation
of hundreds citizen in 2007, and we could get good
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outcomes (significant weight and waist loss, improvement
of blood examination (HbAlc, hepatic function, and lipid
profiles) after 12 months health instruction using our
program.

However, we also realized that we have a lot of risks to
consider a business model of this disease management,
because we should gather correct lifestyle information
from individuals to get better outcomes and to avoid
medical accidents.

The first risk is too much personnel expense to pay the
healthcare instructors. They have to obtain correct lifestyle
information cyclically by interviews by a meeting/phone
call/email from hundreds of clients, and it takes too much
time. Secondly, obtained lifestyle information by this way
should be subjective and incorrect, and should decrease
the outcome of the service. Thirdly, the cycle to obtain
information is too slow to avoid medical accident by the
healthcare instruction. The healthcare instructors only can
know the significant change of the signal/symptom of
dangerous physical state after a regular cycle of interviews
(ex. one month later). Sometimes, metabolic syndrome X
patients start too much exercise or too rapid diet for their
risks 9,

Prof. Haruyuki Tatsumi proposed a new concept of

“Information as medicine (info-medicine)” which means
that information can be a medicine, if the information is
provided in a timely and appropriate manner.
In this study, we aim to decrease the risks to establish
better business model of disease management for the
national program. We developed the system which gathers
correct and real time information by wearable and fixed
sensors with network, and provides
remind/recommendation as a real time healthcare support
service. Here we report the system overview and results of
a verification study on one hundred monitors,



2. Materials and Methods
Disease Management Program

We have already developed a disease management
program for the metabolic syndrome X as a primary
prevention system of diabetes mellitus. This program is
corresponding to the Tokutei-Kenshin program, which the
Japanese government started in 2008 as a duty of insurers.
To establish the program, we have developed IT system
with data base of health check-up and health instruction,
and a navigation system of the health instruction program
as a SaaS (Software as a Service) by the national fund
from the Ministry of Economy, Trade and Industry
(METI), as we reported the Medinfo 2007. We
established a venture company “Cama Health Support
(CHS)” to provide actual disease management service for
insurers In 2007. The CHS accumulated health-check up
data of 80 thousands citizens only in 2008, the first year of
the Toktei-Kenshin program. We also maintain the
experimental disease management for secondary to tertiary
prevention of diabetes mellitus by the CHS. In 2008, the
CHS again got fund from METI as one member of the
“Information Grand Voyage Project” produced by METI
for this experiment.

PDA

We used a PDA (HP iPAQ 212, Enterprise Handheld,
0S; Windows Mobile Version 6.0 Professional) with
built-in wireless LAN and Bluetooth for ¢ach monitor to
gather sensors’ data and transmit data via mesh network
established in monitors” office. The PDA has an
application to show the recommendation or remind
message triggered by sensor’s data, These messages were
created in the PDA anywhere or sent from the data center
server via Internet automatically.

Mesh Network

We established Zigbee mesh. networks in. monitors’
office, that means transmission between PDA and PC in
the office. The PC which managements network transmits
sensors’ data to the data center of CHS.. Figure 1 shows
network configuration in the whole system.

Bluetoothor wired Zigheo Htpls)

H if i i
N
:ﬁ \ :}‘\
% HAWA

Sensors PDA % PC éwte}'(\cl! Server

= (WA
VY
7

A\
e

Wearing Sensors Mesn Network
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Figure | Network configuration in this study.

Sensors
Behavior Sensor

Bycen Inco. and we developed a behavior sensor which
analyses 20Hz data of three axis accelerometer. Monitors
wear the sensor in their central back. The sensor
automatically transmits data to the PDA by Bluetooth. The
pilot study showed the sensor could distinguish 22
behaviors by 89% accuracy.
Pulse Rate Sensor
We employed an earlobe wearing pulse rate sensor by
infrared rays sensing developed by Bycen Inco. The sensor
on monitor’s earlobe connects to PDA with a wire line.
Weight Scale

We used the weight scale (UC-321PBT) from A &D
Co. The weight data were transmitted to PDA by built-in
Bluetooth 20-30 seconds after the measurement.
Blood Pressure Meter

We used the blood pressure meter (UA-767PlusBT)
from A &D Co. The blood pressure data were transmitted
to PDA by built-in Bluetooth 5-10 seconds after the
measurement,
Sensing Intervals of Sensors
As shown in table 1, we set the sensing interval of sensors.

Table 1 Sensors and sensing intervals

Sensing Sensing .
Sensar interval Range Unit

Behavior Pattern of
(accelerometer) Once/20 sec Behavior

Puise Rate Only in exercise 0-255 Counts/min
Blood Pressure  About 3times/day 0-255 mmHg

. About 6times/day
Body Weight {before/after eating) 0-655 ke
Critical pathway engine

Critical pathway system provides process management
information also in medical and healthcare field as
engineering field. We developed a critical pathway engine
providing teller made information by input of sensor data
and other medical and lifestyle data. This plays a central
role of “information as medicine”, info-medicine.
Verification Study

‘We asked a hundred monitors (from healthy people to
metabolic syndrome X) to use the system for 11 days.



Monitors wore sensors (behavior sensor and pulse rate
sensor) and used fixed sensors (weight scale and blood
pressure) for the first 5days. Health instructors from the
CHS instruct the monitors by indicating the problem of
their lifestyle by the information of the sensor data in the
6" day. From the next 5days (7" day to the final day), they
again use the sensors as the first Sdays.

Data Mining Software

We used the IGV mining sofiware developed by the
Information Grand Voyage project. This software has
several algorisms for mining analysis.

Ethical considerations

‘We adhere to guideline of medical field of the Japanese
privacy protection law and a guideline for safety
management of medical information system.

In addition, this experiment of system verification was
admitted by the ethical committee in the postgraduate
school of medicine, Kyushu University.

3. Results

Critical pathway system

In our previous system, the health instructor manually
selected ready-to use templates to make a personalized
care plan by each patient’s condition.

We developed an electronic critical pathway system to
create a personalized care plan automatically by collecting
wearing sensors information or other information.

The timing of initial planning

Prepare ready-to use template for each risk group
Propose an appropriate template for each patient

Provide user interface to add/change/delete tasks easily
The timing of modification of the plan

Provide user interface to refer the assessment of the
behavior objective

Provide user interface to add/change/delete tasks easily
Both of the plan initiation and modification, we make the
system only propose the plan to be by algorism, and final
decision shouid be made by health instructor.

Verification Study

We conducted 11days verification study by 100
monitors in totally 3 offices in Fukuoka city (two offices)
and Tokyo (one office).

However, only 83 monifors provided available data
finally, because 17 monitors had device or network
troubles.

Figure 2 shows the result of the alteration of exercise
amount before and after health instruction on the middle
day.
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Figure 2 Alteration of exercise amount after a healthcare
instruction, calculated by behavior basis

The result shows that 91.6% of the monitors increase
exercise {average 9.55 + 18.8 % increase (n=83)) after the
healthcare instruction. In the analysis of the kinds of
behavior, “standing” and “walking” were increased, and
“using elevator” were apparently decreased as daily
behaviors,

JGV mining software

In this study, we used LCM (Linear time Closed item-
set Miner) with weighted mean modulus, and found
knowledge both in the improved group and in the non-
improved group.
Patterns in the improved group
-High attitude for lifestyle improvement with walking an
hour or more per a day
-Smoking but no drinking
-Standing in trains and using stairs instead of elevators
Fatterns in the non-improved group
-Eating out 10 times or more per a week
-Metabolic syndrome X in spite of no drinking
-Trying to walk instead of taking train.

4. Discussion

In this study, we proved that we can provide info-
medicine by the combination of wearing sensor network
(especially the behavior sensor) and electronic critical
pathway system. The monitors could communicate their
vital data to the server in the CHS without any special
operation in the mesh-network. This may be remove
annoying load on users.
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Figure 4 Medical Service of Lifestyle-Related Disease
with Info-medicine (right)

We show the similarity and difference between ordinary
medicine and the new concept info-medicine in Table 2.

Table 2. Similarity and difference of ordinary medicine
and info-medicine

Ordinary medicine (Tablet) {nformation as

Appropriate dose provided pprop Hon p

Functon through change of attitude

Function through blood concentration and daily behavior

Assayable and stable effect Assayable by 17,but need to be more stable

Side effects Side effects (too much diet or exercise)

We expect different kinds of info-medicine using mail
to PDA or cellular phone as following.

-After eating behavior, the remind message of “you ate the
dinner, did you take your pill?”

- During jogging, the recommendation messages of “you
are jogging but your pulse rate is not enough increased.
Pace up!” or “your pulse rate is too high and arthythmia
often occurs, Pace down!”

-During diet; the recommendation message of “you have a
too rapid diet, you can eat more”.

-After assaying blood sugar, the recommendation message
of “You blood sugar is too high, and heart rate is also
high, call the clinic if you feel sick”.

P T 2

As these samples, we want to create info-medicine by
combination of at least two different kinds of sensor data
to provide high quality of info-medicine.
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