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Abstract. As individuals live longer, the social structure is rapidly changing,
resulting in problems such as shortages of medical resources and reduction of
quality in healthcare services. Hence, this paper presents a telehealthcare
system for user-friendly and long-term healthcare applications for older people
suffering from metabolic syndrome. The system can transfer and manage medi-
cal data at a distance via a wireless sensor network. The integration of these
technologies allows personal stand-alone vital data to become a total telehealth-
care solution in home-level care.
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1 Introduction

With the aging of the world population, the United Nations reports that is 21 percent
of the world’s proportion will be over the age of 60 by 2050 [1]. As in most other
countries, the proportion of older people are increasing every year in Taiwan due to
decreased birth rates and increased longevity. The proportion of those 65 years and
older in Taiwan was approximately 10.2% in 2007 [2], and is expected to rise 36.71%
in 2050 [3]. Average life expectancy has increased from 76.45 years in 2000 [4] to
78.54 years in 2008 [5].

As individuals live longer, the social structure is rapidly changing, resulting in
problems such as shortages of medical resources and reduction of quality in health-
care service. In addition, many older people have at least one or two chronic diseases.
Consequently, governments and researchers around the world have to seriously con-
sider health issues [6]. One of the key issues is considering how to look after older
persons’ health, to keep them healthier, maintain their functions and independence,
and improve their quality of life.

There are some studies regarding distributed health care [7-11]. However, many
discuss the algorithms and technologies involved in maintaining the capability and
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functionality of distributed healthcare systems, but less has been done to determine to
what extent users understand their capacities and functionalities. While it is crucial to
improve the capacities and functionality of any healthcare system, a highly advanced
system is likely to be rejected by users if it does not fulfill their expectations. The
importance of other factors contributing to the acceptance of a telehealthcare system
should not be neglected [12]. It is important to investigate users’ needs and require-
ments before designing new systems so true user needs can be satisfied, allowing
those systems to have a better chance of gaining user acceptance and adoption. Con-
sequently, there are few systems available for thorough evaluation. In addition, we
lack a distributed healthcare model for scientific evaluation from different perspec-
tives (clinical, technical, economic, social, legal, etc.) requiring a multidisciplinary
approach. Therefore, a telehealthcare system to care for older people suffering from
metabolic syndrome has been proposed.

For elderly individuals suffering from metabolic syndrome, the proposed system
provides a user-friendly solution through an integrated telehealthcare environment.
Medical data is transmitted and managed at a distance using WSNs (wireless sensor
networks). The integration of these technologies allows personal stand-alone vital
data to become a total telehealthcare solution in home-level care. The remainder of
this paper is organized thus: section 2 described metabolic syndrome. A telehealthcare
system is proposed in section 3 and a system validation method is described in section
4. Finally, some conclusions are provided in section 5.

2 Metabolic Syndrome

Metabolic syndrome has received increased attention in the past few years. The syn-
drome is a constellation of interrelated risk factors of metabolic origin—metabolic
risk factors—that appear to directly promote the development of atherosclerotic car-
diovascular disease (ASCVD) [13]. Patients with metabolic syndrome have a twofold
increased risk of mortality from coronary heart disease and an increased risk for de-
veloping type 2 diabetes mellitus [14]. Another set of conditions, the underlying risk
factors, give rise to the metabolic risk factors. Understanding how to identify and
address the problems of metabolic syndrome can make a significant difference in an
older person’s health. An older person can realize significant improvements in his or
her health status when metabolic syndrome is identified and the problems associated
with it are addressed.

In the past few years, several expert groups have attempted to set forth simple di-
agnostic criteria to be used in clinical practice to identify patients who manifest the
multiple components of metabolic syndrome. These criteria have varied somewhat in
specific elements, but in general they include a combination of both underlying and
metabolic risk factors [15]. Table 1 lists three criteria of metabolic syndrome from
three different organizations.

Due to the increasing number of older people with chronic diseases, there are many
studies based on different network technologies that propose various designs and
applications for telehealthcare service systems [16]. However, most of those systems
address their particular situation and specific applications, which does not consider in
detail the actual needs of users.
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Table 1. The Criteria of Metabolic Syndrome

Factor WHO 1999 ATP III * 2001 National Health Council,
Taiwan 2007
Obesity WHR: Abdominal circumference : | Abdominal circumference :
Male > 0.9 Male = 102 cm Male = 90 cm
gidmlaie 3>00'85 Female = 88 cm Female = 80 cm
Triglyceride =150 mg/dl =150 mg/dl =150 mg/dl
Blood pressure | SBP =140mmHg/ SBP = 130 mmHg/ SBP =130mmHg/
DB P= 90 mmHg DBP = 85 mmHg DBP = 85 mmHg
Glucose IGT, IFG, or DM FG= 110m g/dl FG = 100m g/dl
HDL Alb/Cr ratio >30 mg/g | Male 40 mg/dl Male < 40 mg/dl
Cholesterol AER > 20pg/min Female < 50 mg/dl Female < 50 mg/dl

* There may be three or more diagnostic factors. This definition is recognized by US NHLBI, ADA, and
CDC.

To achieve the goal of telehealthcare, and to look after older people suffering from
metabolic syndrome, we propose a telehealthcare system to integrate stand-alone
medical devices into WLAN networks and use it to construct a telehealthcare network
infrastructure.

3 A Telehealthcare System

The section addresses how the proposed system is developed according to the analysis
on the needs of distributed health care at home. The system not only receives physio-
logical signals, but also transfers physiological data through the wireless network to
the back-end health management server, so that complete and continuous personal
physiological data can be recorded.

A three-layer structure of user base, function base, and data base was proposed.
The user-based layer has two types of interfaces, web-based and client-based. On the
web-based interface, users can connect to the server via HTTP protocol and need only
a general browser to log into the system; on the client-based interface, users can log in
with a RFID card provided by the study. The function-based layer consists of the
application system, external program interface, and system interface. The system
interface shows animated scenarios based on physiological data that the intellectual
medical apparatus receives. The data-based layer is an information database that
records vital sign parameters that the intellectual medical apparatus receives as per-
sonal information of users, voice messages, etc.

The programming languages of the system implementation are ASP.NET and PHP,
built on Windows Server 2005 with IIS as the site server and Microsoft SQL as the
database. The operating environment of the system mainly consists of the user inter-
face, web server, and database. The system development information is summarized
in Table 2.

In response to user needs, this study develops a telehealthcare system for long-term
care at home. The system is divided into four modules: communication transmission
module, membership management module, information integration module of health
education for the elderly, and personal health management module.
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Table 2. The System Development Information

Development language ASP.NET, PHP
Windows Server 2005

Microsoft .NET Framework

IIS Server
Microsoft SQL Server
Development software Microsoft Visual Studio 2005, Flash

System environment

The system provides different logged identifications with different authorities. The
authority design is depicted below (Figure 1):
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Fig. 1. The System Structure of a Telehealthcare system

Communication Transmission Module. The study employs the Wireless Sensor
Network (MSP430) module, developed by the National Taiwan University (NTU)
[17]. The structure of the NTU developed wireless sensor networks hardware platform
is comprised of three levels: base node, advanced node, and universal gateway. A PC
can thus be easily connected via USB interface, and the computer hardware does most
of the work transmitting instructions and data. Since the computer has direct power,
there is no need to consider energy issues such as nodes [18]. The chip is installed
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in the medical apparatus so that when a user uses the physiological data measuring
instrument, the information will be sent to the system chip via the installed chip and
saved. The information integration module of health education for the elderly then
comprehends collected user parameters and accordingly provides information about
health education on the system. The system also stores data as XML format via XML
Parser to facilitate the physiological data acquisition for the elderly who log in on the
web-based system.

Membership Management Module. The module mainly verifies users’ identities
and sends a successful login message to users. The RFID card specification that the
study employs is depicted in Table 3. Through RFID communication technology,
user physiological measurements and card identifiers can be used to send user voice
messages.

Table 3. RFID Reader Specification

Communication specification

Frequency

2.4GHz-2.5GHz ISM microwave band

Channel

125

Channel bandwidth

1MHz

Modulation

GFSK

Identification method

Omnidirectional identification

Recognition distance

Within 80m

Recognition speed

‘Within 80m/second

Anti-collision

Simultaneously identity more than 100 cards

Interface specification

Ethernet

10M/100M Ethernet (RJ-45)

RS-232

RX, TX

Communication protocol

TCP

Communication speed

9600Bps ~ 115200Bps

Power requirement

Power

<120mA,7.5V

RF power

0dBm

Sensitivity

-90dBm

Information Integration Module of Health Education for the Elderly. There are
two types of system displays, one on the interactive system (Figure 2) and the other
on the web-based page through the network login system. On the interactive system
display, the physiological data is divided into three levels based on the diagnosis
mechanism of metabolic syndrome (Figure 3): sunny day (normal), cloudy day (cau-
tious), and rainy day (severe) to show the current physical conditions of users. On the
intuitive interface, operation is easy, and the context interface is supplemented to
notify the physiological conditions of users. In addition, the system provides web
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functions to assist web users in logging in via the general Internet or mobile phones to
view messages that families leave and their physical records. Through detailed infor-
mation from the electronic records, clinical staff or family members get to know the
health conditions of their patients or elderly family members. Moreover, electronic
records instead of handwritten ones not only allow the clinical staff to manage the
patients easily, but also can be sent to hospitals to assist in diagnoses and to reduce
the possibility of tampering with physical records (see Figure 4).

Personal Health Management Module. The module provides the medical centre

with the personal information of the elderly patient and also allows authorized clinical
staff to add, delete, and modify such information based on the clinical diagnosis.
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Fig. 3. The Diagnosis Mechanism of Personal Health Management
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Fig. 4. The Record of Blood Pressure

4 System Validation

An experiment was conducted to test the effectiveness of the system. We set up two
different environments, an area without any furniture and an area with furniture (see
Figure 5). The system could send and receive wireless signals at distances of 3, 6, 7,
8, 9m and 10m to connect to the blood pressure devices. We found that better
transmission quality was offered in 7m or less. Regardless of whether the area was
furnished, data transfer had up to 100% integrity (see Table 4).

According to the results, the transmission quality was affected by some obstruc-
tions such as furniture when the signal path was long. Thus, device placement within
7m should be considered when implementing a system in a home in which there are
many chairs and tables.

Fig. 5. The Experimental Environment
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Table 4. Transmssion Quality in Distance

Distance (m) Completion Rate %
0 100%
3 100%
6 100%
7 100%

The experiment showed the system could maintain good data transmission with an
effective radius of 7m, which is the size of a living room size in an ordinary home.
Hence, the system can be set in the living room or bedroom to help an older person
suffering from metabolic syndrome record his/her physiological data and send it to
his/her family doctor.

5 Conclusion

In this paper, we proposed and implemented a telehealthcare system integrating stand-
alone medical devices in the form of a ubiquitous network providing a service
platform to provide older persons suffering metabolic syndrome with physiological
monitoring. As shown by the experiment, the system could maintain good data trans-
mission with an effective radius of 7m, which is the size of a living room size in an
ordinary home.

The system is a health management system. Professional medical personnel eva-
luate the daily or weekly measurements of every family member suffering from
metabolic syndrome managed by our system. As for family members who upload
physiological signals normally, our system will calculate the health curve for each
case. This system will subsequently classify the health status of the family member as
“sunny”, “cloudy”, or “rainy” according to the variation of his/her physiological
signals and transmit the information to family members, the member’s relatives, and
the health manager for health-care management.
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