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ABSTRACT

The study presents ‘Non-Insulin Depended Diabetics Mellitus’ (NIDDM), SMS-based system for Type-11
diabetes management by itself. The systemis structured to be long term health assistance for patients with
type-11 diabetes. It permits the patients to get touched to their doctor constantly. With the SMS exchange,
the patients can send their general and physical status, i.e.,, demographic & social characteristics,
awareness of Mobile phone applications, blood sugar measurements, insulin intake and other data to the
doctor, which makes continuous health monitoring possible. Based on the patient data sent, an SMS
messages can be return to motivate patients, it reminds them of physical activities such as, physical
exercise, and healthcare appointments. In addition, an offline mobile phone multimedia educational
system is also proposed with existed SMS based system. The system was discussed with the physician for
system applicability for type-11 diabetic patients. It was found in primary testing that the involvement of
proposed system can be able to impact on some clinical outcomes, self-efficacy and diabetes
management. The SMS based system technology appears feasible in diabetic care and relief but this
technology must be made more user-friendly before clinical implementation at larger scale.
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1. INTRODUCTION

One of the chronic illnesses where self management plays acrucial role for patient well-being is
type-ll diabetes mellitus type. Poor sdf management of this illness causes serious
complications, which results in enormous health costs. The illness is due to destruction of the
cells in pancreas which produce insulin and up to 10% of people with type-Il diabetes
worldwide have this form of the disease. Despite the relatively small percentage compared to
the number of patients affected with the other form of type-I1 diabetes (type 2 type-1l diabetes),
devel oping computer/mobile applications or devices for DM 1 diabeticsis of special importance
since the chances of complications are much higher. Based on visitsto severa physiciansin the
field no web or mobile applications that would connect physicians to their patients are currently
utilized in the Palestinian Authority to assist in self management of thisillness.

Conventiona treatment of DM1 diabetics includes 2 or 3 daily injections of insulin given after
obtaining glucose measurements. The patient writes down the measurements and injections
every day in a special diary. Based on the diary the physician measures patient progress and
adjusts treatment as necessary during regularly scheduled patient visits that occur severa times
per year [12]. This method has severa disadvantages; firgt, it lacks the opportunity for timely
interventions. This is important to avoid serious complication, for example, to immediately
detect trends in the data that require immediate action such as overnight hypoglycemia. Second,
lack of motivation to complete adiary for a prolonged phase of time makesit difficult to control
the illness. These disadvantages necessitate the introduction of new methods and applications to
assist diabetic patients.
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The wide spread of mobile technology in today's society makes the mobile phone an attractive
tool to provide more accessible and better health care. The maobile phone can be utilized as a
type-1l diabetes self management tool to conduct a variety of tasks including recording and
communicating patient measurements to the physician, receiving feed back through SMS
messages, arranging for an appointment, educating the patient through offline multimedia
mobile phone learning materias, etc. The development and evaluation of a mobile phone SMS -
based application for DM 1 patients that addresses these issues is presented next.

The organization of this paper is organized as follows. In section 2 we have surveyed relevant
related work. We then presented the results of requirement gathering in section 3. We have
presented the architecture of proposed system in section 4. In section 5 we have described the
system utility. We continue in section 6 to discuss the assessment process. Finaly, a conclusion
is presented with future work in section 7.

2. LITERATURE REVIEW

A recent comprehensive review of type-ll diabetes terminal based applications is given in [9].
These applications vary in several aspects including targeted type-11 diabetes population (Type
of type-1l diabetes), age group, terminals used (PDA, mobile phone, PC) and data input methods
(manual or automatic). In automatic input methods a meter transmits blood glucose datato
mobile terminals automatically whereas manual input methods suggest entering data through a
terminal keypad. Study results document positive feedback about the use of mobile terminasin
type-1l diabetes self management as well as patient acceptance of application user interfaces.
Also there is marked preference for using mobile terminals over PC.

Automatic wireless and wired input methods for entering blood glucose data have been adopted
in severa studies. While some of them indicate high patient acceptance [4,7], others report
difficulties in connecting the meter to the mobile terminal [1], and frequent failure in
transmission[11]. Because of these conflicting results and the additional cost associated with
purchasing specia meter capable of getting connected to the terminal, this method was not
suited to our needs. With regard to wireless data transmission, two main technologies are used:
GPRS and SMS. Several applications use either of these technologies or both to communicate
the data between the patients and health care providers. GPRS systems alow the terminal to
access Internet servers using HTTP or WAP protocols. One mgjor disadvantage of these
systems is the failure or difficulties in transmission from mobile phones to servers[2, 6, 8, 12]
which led to dataloss and patient dissatisfaction. Another disadvantage is the lack of knowledge
of the Internet on the part of both patients and physicians[3].

On the contrary, systems based on SMS technology possess high reliability since it uses the
store and forward transmission method. This alows the SM'S messages to reach the server even
if it was temporarily switched off or unavailable. Also type-Il diabetes systems are not data
intensive; each patient needs to connect to the server to send/receive bytes of data only two to
three times per day. The mgjor disadvantage of SMS systems is cost when compared to GPRS
systems but thisis of importance for data intensive applications only.

In [5] specia type-ll diabetes phones were distributed to the patients. The type-ll diabetes
phone is a mobile phone with a device to measure blood glucose on site and the data is
automatically transmitted to aweb server. Despite its effectiveness, the high cost of such phones
isamaor barrier to clinical implementation. An SMS based mobile system for type-Il diabetes
control is proposed in [10]. It contains a decision support system to calculate insulin dosages
based on food intake, exercise and blood glucose measurement. Despite its ease of use and
power, it works only on mobile phones with the Windows mobile operating system which
restricts its use significantly. Based on the above discussion, from the technical point of view
our aim isto develop a SMS based system that works on a wide spectrum of mobile phones and
uses manual data input. The system was devel oped with active involvement of both patients and
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physicians as noted below.

3. REQUIREMENT ELICITATION

Before any development of the system began, a consultative phase was initiated to investigate
the problems with the existing management of type-Il diabetes and gather patient and physician
impressions of the system concept. Meetings with 15 type-ll diabetes patients and three
endocrinol ogists were held. From the sessions, the following conclusions were drawn:

e Theideaof amobile Type-ll diabetes system was viewed positively by both groups.

e Costisof primary concern for both groups. Unless the cost of the system usage is low,
it would not be attractive for long term use.

« All of the patients had mobile phones but the mgority is not active mobile users and
none of them had tried Internet access over the mobile phone. Also they stated that the
Arabic interface of the potential application is preferable.

Based on the author's observations of the physicians’ work, it was evident that they needed a
simple but efficient system that would connect them with their patients. Since the mgjority of
patients do not know much about their condition, the physicians recommended that the system
serve as an educational tool aswell.

4. SYSTEM ARCHITECTURE

The system follows the client server approach. Figure 1 shows the main components of the
proposed system. The server side of the system consists of two modules: a Web module and
SMS gateway. The client is a dedicated J2ME application that consists of two modules. core
module and E-Learning module. Both the patient and the physicians can now start to
communicate. The patients should send regular SMS messages containing their data to the
server using their mobile application. These messages are received by the GSM modem. The
physician can aso start a communication through his Web interface and the gateway sending
the patient an SMS; for example, to set an appointment to discuss data received or to discuss
reasons for lack of data.

It isimportant to note that on both sides, no immediate acknowledgement of receipt of an SMS
message is conducted. This decision was made because of high reliability of SMS message
delivery on one hand. On the other hand this would reduce the number of SMS messages
exchanged and thus reduce cost on the part of both physicians and patients. A major advantage
of this architecture is that the system can be set up quickly without the need to negotiate with
the provider of communication services. Also different mobile providers’ customers can serve
as clients with the software installed. The following subsections discuss the architecture in
detail.
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Figure 1. System Conceptual Model
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4.1 GSM modem

GSM modem is a wireless modem that works with a wireless network. In order to utilize it a
SIM card from awireless carrier must be used. Through this device al communication between
the client and server modules are conducted using SM S messages only. It must be connected to
the server through Bluetooth or a cable. For a GSM modem, the NokiaN72 is used.

4.2 SM S Entrance

The SMS gateway is a light weight 2ME application that acts like a transit for SMS messages
between the clients and the server. It checks al SMS messages received by the GSM modem
and verifies its source phone number. If the message is generated by a registered client, the
gateway checks the tag that the message starts with analyses its content and stores it in the
server database. Otherwise messages are discarded. Also the gateway controls sending back
SMS messages from the physician's Web interface module to the client through the GSM
modem. Every incoming message, after processing by the gateway, is deleted from the GSM
modem. The software requires the mobile phone that operates as a GSM modem to support
MIDP-2.0 with CLDC-1.0.

4.3 Web Component.

This module is used by physicians only. It runs on the server and has access to the server
database. The physician can access the Web interface locally or via the Internet. The module is
constructed using PHP version 5.2.5 and the connected database using MY SQL.

4.4 Core Component.

This module is responsible for generating SMS messages from patient inputs (Glucose level
measurements, Insulin dosages, etc.) and sending it across the GSM network to the server
database. Also it is responsible for receiving physician’s messages and patient programs in the
form of SMS messages, verifying the source phone number and format in order to be processed
and stored on the patient mobile phone.

For example, if the message contains the physicians’ program the days and times of insulin
measurement and insulin administration will be stored on the patient mobile phone to be viewed
upon physician request. Incoming messages that correspond to the application activate this
module that runs automatically to process them based on atag that determines message content.
In addition, the module contains an embedded alarm to remind the patient whenever he has to
measure glucose level or take insulin doses. The alarm is set based on the physician’s program
and patient personal data such as mealstimes.

4.5 E-L earning Component.

This module contains a set of off line educational multimedia materials about various aspects of
theillness, including diet and exercise. These materias are displayed in form of text dides with
audio. One important feature of this module is the patient’s ability to search through the slides
about any topic of interest through a specific interface. All the materials are in Arabic. The
dides are not hard wired and they can be easily expanded without the need to recompile the
code. Both the core and E-Learning modules are J2ME modules. These modules require the
patients’ mobile phones to support the same device profile and configuration as the SMS
gateway.
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5. SYSTEM UTILITIES

5.1 Web Component

This module is intended to help the physician to track his patients’ health progress and guide
them to maintain better health. Using this module the physician can manage patient accounts,
view patient numeric data in the form of graphs or tables, and send different kinds of SMS
messages that are intended to educate, motivate, warn and remind a patient about activities he
should do like exercise, get regular checkups etc. This module also alows the physician to view
patient messages, send patientsa new program if required that would be automatically
stored in the patient mobile phone. The user interface of this module and the client application
arein Arabic.

5.2 Client Application
This application runs on the patient's mobile phone and alows him to

* Send daily blood glucose measurements and Insulin doses according to the physician
program.

» Browse physician's programs which contains days and times of measurements and
administering insulin. This program is saved on patients’ mobile phones and can be
changed by the physician and sent to the patient's mobile phone through SMS from the
web application.

* Reguest and display previous measurements in both numeric and graphica ways
representing maximum two weeks of data from the requested date.

*  Send any important information to the physician such as requesting an appointment.
»  Browse physician messages.

* Remind the patient to take insulin doses and perform glucose measurements according
to the physician’s program for the patient. The patient can change the time or frequency
of the reminder if he wishesto do so.

* Browse multimedia educational material about type-ll diabetes and its therapy. The
materia isin the form of text and corresponding audio.

6. ASSESSMENTS

The System was tested in atype-11 diabetes clinic in the Lucknow area. Five patients with type 1
type-1l diabetes used the system for a phase of two weeks along with their physician. During
this phase 220 incoming messages were sent to the physician, and 20 outgoing messages were
sent back to the patients. In order to establish trust in the system by both patients and physicians
and to ensure that SM'S messages are not logt, the patients were asked to keep their paper diary
for the testing phase. At the end of the testing phase, the content of the diaries exactly matched
the messages stored in the database; thus, no incoming messages to the physicians were |ost.

A training session for patients about use of the application was conducted over a 2 hour phase.
Four of the patients in the evaluation study were female and 1 was mae. Interestingly, one
female was using the system for her three years old diabetic son. Every patient was asked to try
every feature of the system. Another training session was conducted for the physician over a 2
hour phase that demonstrated how to create an account, view patient progress, send SMS
messages, etc. By the end of the sessions both physician and patients were able to operate their
applications.
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The patient’s glycosylated hemoglobin (HbA1c) level mean was compared before and after the
study. Despite the fact that the result show no significant improvement to the medical condition
of the patients, based on face-to-face interview, the patients reported satisfaction with the
system because they felt connected to their physician during the entire study period; the
embedded alarm reminded them when they forgot to do the measurements and messages were
going in both direction giving a sense of security. For women, it was important that they could
discuss their feglings in their SMS messages. The interview also revealed that the cost of
exchanging SM 'S messages was hot an issue for either physicians or patients.

Regarding the E-Learning part, the patients were impressed by the fact that they could easily
reach the information about type-11 diabetes. They found the narration in the E-Learning module
to be of specia importance since it is possible to just listen to the material and not necessarily
concentrate on the small mobile phone screen to read the corresponding text. Also they stated
that that the amount of the educational material should be increased to cover more aspects of
type-11 diabetes.

After the end of the testing phase, the physician suggested a couple of improvements to the
system. One improvement suggested was that the system should indicate the date of the last
patient visit. This would prevent the possibility that a patient was not taken care of for along
time phase of time especially as the number of patients grows. Another suggestion was that
system should redirect to the physician's mobile phone SMS messages sent by the patients and
tagged "Emergency” aong with saving them in the database. Both these suggestions were
implemented successfully.

These results showed that the system is very promising as a long term companion for type-l|
diabetes patients and further testing for a larger number of patients and for a longer phase of
time should be done in order to see how the use of the system would impact patients’ medical
conditions and consequently their health.

7. CONCLUSION AND FUTURE WORK

We have presented a simple mobile phone SMS-based system for the self management of type-
Il diabetes. The system is very useful for long term type 1 type-ll diabetes self management
where the patients feel connected to their physicians at al times which increases their sense of
security. This sense of security is extremely important in caring for patients with chronic
illnesses. In addition, initial testing proved system usefulness and feasibility. The system
possesses high reliability and the cost of system setup and use is low. The next step would be to
incorporate other elements of type-1l diabetes management into the system, including exercise
and diet. Also long term testing on a greater number of patients is needed to investigate
differences in health between patients using the system when compared to those who are not
using it.

Refer ences

1. Farmer A., et d.,(2005) "A randomized Controlled tria of the effect of rea-time
medicine Support on Glycemic control in Young adults with type 1 Type-Il diabetes’,
Diabetic care, vol 28, no. 11, pp. 2697-2702.

2. Farmer A., et a., (2005)"A real-time mobile phone based telemedicine systems to
support young adults with type 1 type-ll diabetes’, Informatics in Primary Care, vol.
13, no. 3, pp.171-177.

3. Ferer-Roca O., et a., (2004) “Web-based type-Il diabetes control”. Journal of
Telemedicine and telecare, vol. 10, no. 5, pp.277-281.

24



10.

11

12.

Health Informatics - An International Journal (HI1J) Vol.1, No.1, August 2012

Gammon D., et d., (2005) “Parent-child interaction using a mobile and wireless system
for blood glucose monitoring”, Journal of Medical Internet Research, voal. 7, no. 5, €57.

Jae-Hyoung C. et a., (2009) "Mobile communication using a mobile phone with a
glucometer for glucose control in type 2 patients with type-11 diabetes: as effective as an
Internet-based glucose monitoring system”, Journal of Telemedicine and Telecare, vol.
15, no. 2, pp.77-82.

Kollmann A.et a. (2011),"Feasibility of a mobile phone-based Service for
functiona insulin treatment of type 1 type-ll diabetes mellitus patients', Journal of
Medical Internet Research, vol. 9, no. 5, €36.

LarizzaC., et d., (2012)"The M2DM Project —the experience of two Italian clinica
sites with clinical evaluation of a multi access service for the management of type-l
diabetes mellitus patients', Methods of Information in Medicine, val. 45, no. 1,pp. 79-
84.

Marcus A., et a., (2009) "Using NFC—-enabled Mobile Phones for Public Health in
Developing countries', proceedings of the First International Workshop on Near Field
Communication, Hagenberg, Austria, pp. 30- 35.

Naoe T., et a. (2010)"A review of mobile Terminal-based applications for self-
management of patients with type-1l diabetes'. Proceedings of the 2009 Internationa
Conference on eHealth, Telemedicine, and Social Medicine, Cancun, Mexico pp. 166-
175.

Pallarés R., et a, (2011) “p-Health  for Type-ll diabetes”, Proceedings5" pHealth
International Workshop on Wearable, Micro and Nano Technologies for Personalized
Hedlth, Vaencia, Spain, pp 47-62.

Quinn C., et d., (2008)"WellDoc mabile type-1l diabetes management randomized
controlled trial: change in clinical and behavioral outcomes and patient and physician
satisfaction”, Type-1l diabetes Technology & Therapeutics, vol. 10, no. 3, pp. 160-168.

Rami B. et €., (2012) “Telemedica support to improve glycemic control in adolescents
with type 1 type-1l diabetes mellitus’, European Journa of Pediatrics, vol. 165, no. 10,
pp.701-705.

Authors

Dr. Dhirendra Pandey is amember of |IEEE and IEEE Computer Society. (Born
on June 28, 1982 at Bilaspur, India) Mr. Dhirendra has received his PhD degree
from Devi Ahilya University, Indore- India and MPhil Degree in Computer
Science from Madurai Kamraj University, Madurai, Tamilnadu, India. The major
research area of Dr. Dhirendra is Software Engineering, Data Mining and
Warehousing and Artificia Intelligence. He is working in Babasaheb Bimrao
Ambedkar University, Lucknow as Assistant Professor in the Department of
Information Technology. He has more than 7 year teaching and 5 year research
experience. Prior to this job he worked at various institutions as Assistant
Professor, i.e, SSBAM College, Ambikapur, india, PNS college, Bilaspur,
India.he has published more than 15 research papers, which are indexed in |EEE,
DOAJ, etc. Dr. Pandey is approaching to investigate the effectiveness of
requirement engineering process in software development process. He is the
active member of the many National and International professional bodies viz.
IEEE, CSI, IAENG, UPAST, Member Board of Studies in Computer Science,
Surguja University, Surguja, Member Department Research Committee,
Babasaheb Bhimrao Ambedkar University, Lucknow etc.

25



Health Informatics - An International Journal (HI1J) Vol.1, No.1, August 2012

Dr. Neeraj Kumar (June 10, 1982; Unnao-INDIA) is a young researcher and
heb Bhipursuing research since 2006. Recently he has earned his doctorate
degree from the prestigious Babasamrao Ambedkar University (Central
University) in Lucknow, India As an extremely knowledgeable researcher, he is
actively working in the multidisciplinary area of research particularly in
Bioelectromagnetics, E-Health and Wireless Communication System. He is
working as RA-UPCST (Young Scientist Scheme) at the BBAU Lucknow. He
earned more than 3 years research experiences at CSIR-Indian Institute of
Toxicology Research, Lucknow. He has published more than 20 research
publications and several papers were indexed by |EEE, Elsevier, Springer, and
Science Direct, Willey Blackwell etc. Dr Kumar is the active member of the
many National and International professional bodies viz. Health Physics Society,
USA, International Society for Neurochemistry, UK, Organization for
Computational Neuroscience, USA, International Brain Research Organization,
USA, Society of Neuroscientists of Africa, Africa, Movement Disorders Society,
USA, International Association of Engineers etc.

Ms. Vandana Pandey has received her Master in Computer Application (MCA)
and Bechellor of Computer Application (BCA) from G. G. University (Central
University), Bilaspur. Presently she is associated with Dr. Dhirendra Pandey,
Assistant Professor, Babasaheb Bhimrao Ambedkar University, Lucknow. The
Research area of Ms Vandana Pandey is Networking, Data Mining, Mobile
Computing and Software Engineering.

26



