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ABSTRACT

Chronic diseases for children such as DIABETES is a challenge for parents in all third world countries.
Especially that percentage of giving birth to children with chronic diseases is increasing dramatically in
North African countries. Thus the official task of parents to help their children in how to live and deal the
condition with this chronic disease. In this paper we propose a child DIABETES monitoring system which
is integrated sensors and smart phone to facilitate the management of chronic disease - DIABETES. The
system automatically collects physical signs, such as Blood Glucose level. It allows users, especially
children with diabetes to conveniently record daily test results and track long term health condition
changes regardless of their locations. All the procedures are performed automatically without entering
the user (Patient) any data on the system manually. Of the most important objectives of the application
is help the parents to monitoring the level of sugar in the blood for their child at any time and alert them
automatically to any risk.

Keywords: Mobile Strategy, Wearable Sensors, Chronic Disease, DIABETES, Mobile-Health, Blood Sugar
Level and Time (BSLT).

1 Introduction

Chronic diseases are becoming the heaviest burden to healthcare systems worldwide. World Health
Organization [1, 2] reported that, from 57 million global deaths in 2008, 63 percent were due to chronic
diseases mainly caused by pulmonary diseases, heart failure, cancer, and diabetes. In the next several
decades major chronic diseases will continue to increase the morbidity and mortality rate in the entire
world [3]. Obviously, traditional model of episodic care in clinic and hospital-based settings is suboptimal
for improving chronic disease outcomes [4]. Indeed, in daily life, the prevention and treatment of chronic
diseases take place outside of traditional clinical settings. Therefore, more appropriate and higher quality
nursing interventions are required to support self-care, to reduce chronically ill hospitalization, and to
eventually ease the burden of chronic diseases.
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Diabetes is a group of metabolic diseases which are characterized as elevated levels of blood glucose
(hyperglycemia) caused by defects in insulin secretion, insulin action, or both [5]. Complications of
diabetes are severe such as retinopathy, nephropathy, and neuropathy. For this reason main goal of
diabetes care is to achieve normal blood glucose levels to reduce the development of undesired
complications, thus maintaining good quality of life. In order to achieve this goal diabetes’ inventions have
been categorized as nutritional management, exercise, monitoring, pharmacological therapy and
education [5].

Type 1 diabetes mellitus (TIDM) is one of the most common endocrine and metabolic conditions in
childhood. Data from large epidemiological studies worldwide indicate that on an annual basis, the overall
increase in the incidence of T1DM is around 3% and about 78000 children under age 15 years develop
T1DM worldwide [6]. Among Eastern Mediterranean and Middle Eastern countries, the largest
contribution to the total number of estimated childhood T1DM cases comes from Egypt which accounts
for about a quarter of the region’s total. The incidence varies between 8/100000 per year (Egypt) in
children under the age of 15 years [7].

In recent years, small and wearable sensors have become widely available, which allows monitoring of
patients’ blood glucose. In addition, contemporary smart phones incorporate unforeseen computational
powers which include internal database, voice recognition, GPS position and continuous access to local
wireless networks and the Internet. This makes newer cellular phones a very promising mobile platform
for advanced applications. This provides advantages in our research: (1) facilitate the exchange of
information between children diabetics and their parents; (2) providing easy access to the children
diabetics from any place and at any time. Thus, it is possible to bring wearable sensors with Bluetooth or
Wi-Fi and smart phone together to create a personalized, integrated and collaborative care system, which
would improve children diabetic's long-term health.

In this paper we design and integrated personal-care system, and collaborative self-monitoring and
management of diabetes. The system monitors blood sugar levels. Also, this system is based on
permanent contact between children diabetics, and their parents, and the various health care providers
so that they can now provide collaborative patient care. In section 2, we summarize some related work
to wearable sensors and pervasive health monitoring systems. Section 3 describes the integrated
architecture design including software, hardware and communication interfaces among different
components of the system, and gives the software architecture design in mobile phone. In section 4, we
describe the behavioral modification flowchart and the case study. Finally, conclusion and future work are
presented in section 5.

2 A Review of Literature

In the last few years a clear improvement in the field of e-health monitoring systems can be seen. Many
deferent types of e-health monitoring systems have been devolved and proposed, especially of chronic
disease - diabetes. The AlarmNet architecture proposed in [9] [10] is a common architecture which
integrates body sensor networks, environment sensors, back-end data management and analysis system,
and local or remote user interface.
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Other systems in [11] [12] [13] [14], the authors proposed a similar architecture as AlarmNet. Body sensor
networks are composed of wearable and wireless sensing and monitoring devices. These wearable devices
are used to monitor the person’s blood glucose level, blood pressure, ECG or to detect fall.

Using mobiles with a multi-access service for the management of diabetic patients was proposed in [15],
which was designed to collect data, either manually or automatically from the blood glucose meter; to
monitor blood glucose levels; to suggest insulin dose adjustment when needed; to deliver monitoring data
to a health care center.

In [16] [17] [18] [19] [20], they proposed similar architectures for monitoring heart disease. In those
systems, the cell phone acts as the controller and gateway. The cell phone collects data from wearable
biosensors or independent meters like glucometer and insulin pump through Bluetooth. Also, the cell
phone could access Internet delivering collected data to a specific data center through Wi-Fi wireless
network or CDMA/3G mobile network.

3 Problem Description
Digital services and mobile applications that are being developed in this paper will help parents to control
their children diabetes, especially if the patient is outside of the home, for example in the school. The first
type of treatment of this disease is not giving insulin only, but by teaching and education, which would
help from a physician for success in the treatment of the child or the child infected with diabetes.
Therefore, continuous self-monitoring of the Blood Glucose (Blood Sugar), daily diet, physical activity and
medicine intake are crucial for the management of diabetes.

For the young child or teen who does not want to write values (Patterns of high or low Blood Sugars) as
show in figure 1, it is often acceptable for the parents to bringing the results to clinic, which allow team
work together most effectively to achieve good diabetes management.

Brekfast Lunch Dinner Bedtime
Comments

Results [ Insulin Results | Insulin Results [ Insulin Tnsulin
Results

Figure 1: Daily Record Sheet

American Diabetes Association suggested Blood sugar levels of the children diabetics as shown in Table 1.
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Table 1: suggested Blood sugar levels

Fasting (a.m.) or
no food for 2 hours

Bedtime (before bedtime
snack
or during the night)

Age (years) Mg/dI Mmol/I Mg/dI Mmol/I
Below 5 80-200 45-11.1 Above 150 Above 8.3
5-11 70-180 3.9-10.0 Above 130 Above 7.3
12 and 70-150 39-83 Above 130 Above 7.3
above

4 System Model and Design:

In this section, we introduce system architecture and the software design of each component including
the sensors used in the system and communication technologies among different components. Figure 2
shows the overall picture of the system architecture of our proposed mobile personal health care system
for children with diabetes.

The system architecture includes four components: wearable sensors, 3/4G smart phone, web server and
on-line data storage - daily record sheet. For example, when the Sensor takes a blood glucose test, then
it will transfer the test result to the smart phone. It's will store this test result into the internal database
and it will send the test result through the web service. Finally, the parents will get a notification to look
at the test result and give the immediate feedback to the children.

Children Diabetes
with Sensors

Server

3G/4G /
Mobile Network \
(%) '

WAP Browser Web Browser

Local wireless network

Figure 2: System Architecture of Mobile Personal Health system

4.1 Wearable sensor

Wearable sensors allow convenient, continuous and non-intrusive monitoring of people with diabetes for
their test results, medicines, daily diet and exercise. There are many sensors like, MyGlucoHealth® Meter
[21] to trace patients’ blood glucose level.

4.2 4G smart phone

4/3G smart phone will gather, store and display statistical data from wearable sensors, update daily test
results, and get feedback and notification from caregivers. There are two ways for smart phone to interact
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with daily record sheet. In local area, smart phone detects existing wireless Access Point (AP) and accesses
Internet via Wi-Fi wireless networks. Otherwise it resorts to 4G mobile network.

4.3 Daily record sheet

Daily record sheet for patients to maintain their personal data like test results. It also allows appropriate
access as needed with the permission of the patient to different health care providers. In this system, it is
used to manage Blood sugar levels and facilitates information sharing between patients and multiple
providers.

4.4 Software Strategy:

The new Strategy allows access to healthcare systems online including scheduling, and tele health
monitoring from the home environment. Typically this is done via an easy-to-access Patient behavior as
shown in Figure 3. The Following steps illustrate System Procedures to monitoring and controlling the
patient's condition.
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Figure 3: Software Framework of Mobile Children Diabetes System

The first Processing: is to read Blood Sugar Level and Time (BSLT), There are very important conditions
for a reliable system to give useful results for patient monitoring such as, if the age of the child was less
than 5 years and then is being read blood sugar at bedtime and the rate over 200, The system alerts the
parents of the seriousness of the case and determines child's insulin dosage, otherwise if the Sugar rate
less than 150, this case are considered less serious and the system alert the parents to gives him the
Snack.

On the other hand, if the child did not eat or the System read the Blood Sugar Level and Time indicators
two hours after eating, and the rate over 200, then the system alerts the parents of the seriousness of the
case and determines child's insulin dosage, otherwise if the rete less than 80, the system alert the parents
to gives the child Snack.

The Second Processing: if the age of the child over than 5 years and then is being read blood sugar at
bedtime and the rate over 180, The system alerts the parents of the seriousness of the case and
determines child's insulin dosage, otherwise if the Sugar rate less than 130, this case are considered less
serious and the system alert the parents to gives him the Snack.

Also if the child did not eat or the System read the Blood Sugar Level and Time indicators two hours after
eating, and the rate over 180, then the system alerts the parents of the seriousness of the case and
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determines child's insulin dosage, otherwise if the rate less than 70 then the system alert the parents to

gives the child Snack. The previous steps shown in figure 4.

Read Blood Sugar Level
and Time

‘ ¢

Bedtime (before bedtime snack Bedtime (before bedtime snack ‘

Fasting (am.) or
or during the night) 0 food for 2 hours or during the night)

Blood Sugar Blood Sugar Blood Sugar
from 150 t0 200 from 70 to 180 rom 150 to 200

Blood Sugar
from 8010200

——No

Blood Sugar >200
Alert
Dose Insulin

Blood Sugar <80

Blood Sugar < 150
Blood Sugar < 130

Dose Insulin

-

Figure 4: New Strategy to Monitoring and Controlling the BSLT

5 Conclusion

In this paper, we proposed an enhancement model to increase the efficiency of the Mobile strategy for
DIABETES Chronic diseases for children in North African countries, and to increase the efficiency of the
operations in mobile health, our results from this model to create interactive and dynamic application and
how to build Mobile Application that is ability to track, monitoring and controlling DIABETES Chronic
diseases for children using Blood Sugar Level and Time (BSLT) easy to use by the parents , also we propose
a new strategy to develop Mobile Application by using the Wearable sensor and Daily record sheet, WEB
server, WAB Server and on-line data storage applied by smartphone platform to monitoring and
controlling the level of sugar in the blood for the child at any time and alert the user (parents)
automatically to any risk, this services delivery systems and opening up services to provision of new
services, such are remote monitoring and tele health. Finally, the using of proposed model does not just
support by mobile service, it can be integrated with WEB and WAB services.
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