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ABSTRACT

Diabetes self-management education is of significant importance,
since people with diabetes and their families provide 95% of
their care themselves. Hyperglycemia and hypoglycemia are two
of the most serious acute complications of diabetes. Making
appropriate decision in these situations needs knowledge about
normal blood glucose levels and related signs and symptoms. In
this paper an expert system is proposed using Visual C# 2008,
aiming at nutrition recommendations applicable in blood glucose
self management. This expert system consists of 4 sections: Body
weight and daily nutritional requirements assessment, Hypo- and
hyperglycemia symptoms, Self-monitoring of Blood Glucose
(SMBG) and Diabetes related disease. In comparison with the
other expert systems invented to manage blood glucose level, this
expert system includes different aspects of diabetes and is usable
for both experts and diabetes patients.
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1. INTRODUCTION

Diabetes is globally increasing at an alarming rate. It is a
complex, chronic condition that affects all areas of a person’s life
and requires high quality care [1]. According to International
Diabetes Federation (IDF) 366 million people had diabetes in
2011 and by 2030 this will have risen to 552 millions [1-2].
Diabetes self-management education of blood glucose level is of
significant importance, since people with diabetes and their
families provide 95% of their care themselves [1]. Without
appropriate education people cannot make complex daily
medical decisions required for preserving good health quality and
even survival [3]. Hyperglycemia and hypoglycemia are two of
the most serious acute complications of diabetes [4-5]. Making
appropriate decision in these situations needs knowledge about
normal blood glucose levels and related signs and symptoms. An
increasing number of software systems including web-based
systems, knowledge-based expert systems and fuzzy expert
systems are designed aiming at diabetes diagnosis and treatment
[6-17]. Most of them can be employed in health care settings
only [7-12]. In a study by Kalpana carried out in 2011 a fuzzy
expert system based on fuzzy verdict mechanism was designed to
justify physician's decision making in diabetes diagnosis. At first
experimental data were processed and the values were converted
into fuzzy values (fuzzification stage).Then the fuzzy verdict
mechanism executed rules to make a decision on the possibility
of presence of diabetes [15]. Just a few expert systems have been
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designed incorporating nutrition in self management of
diabetes [6, 16-18].Campos-Delgado et al. in 2006 developed a
Mamdani-type fuzzy-based system to present a blood glucose
controller for type-1 diabetes patients under multiple daily
insulin injections regimen [16].A diabetes self-management
expert system, designed in 1992, resulted in significant
improvement in knowledge and dietary habits of diabetes
patients. It also showed significant reduction in HbAlc levels
[17]. Jha developed a knowledge-based expert System which
integrated natural treatment methods in diabetes management.
The methods consisted of massage, acupuncture, herbal/proper
nutrition and gems [6]. In another expert system designed by
Kovasznai in 2011 for diet recommendation, nutrition
recommendations for diabetes patients were also included
[18].This article is organized as follows: In the first part of this
paper expert system and the multi-agent system will be
described, respectively. The second part is dedicated to author's
proposed method.

2. EXPERT SYSTEM

In artificial intelligence, an expert system is a computer system
that imitates the decision-making ability of an expert [19]. An
expert system is a software system created in a way as to be
able to use the ability of the user in dealing with problem
successfully. It is divided into two parts, one fixed,
independent of the expert system: the inference engine, and one
variable: the knowledge base. The system uses knowledge and
information of an expert and a set of rules which defined by a
knowledge engineer to begins a process for the purpose of
inferring a problem. The problem could probably be
information or data collected in a study. In this paper, a doctor
or a person capable of managing diabetes is considered to be
the expert. The inputs of the expert system are the values seen
in Figure 2. The expert system consists of the following four
parts (Figure 1):

Agent

User Interface
Knowledge Base
Decision Making

el e

The sequence of operations carried out in this expert system
can be seen in Figure 1.

As can be seen in Figure 1, a knowledge engineer interviews
and meets experts and learns what they know and how they
judge based on their knowledge. The engineer then translates
the knowledge into a computer-usable language and designs an
inference engine, a reasoning structure, which uses the



knowledge appropriately. He also determines how to assimilate
the use of uncertain knowledge in the reasoning process, and
what kinds of details would be useful to the end user. Next, the
inference engine and facilities for representing knowledge are
programmed, and the domain knowledge is entered into the
program piece by piece. It may be that the inference engine is not
just right; the form of knowledge representation is uncooperative
for the kind of knowledge needed for the task; and the expert
might decide the pieces of knowledge are wrong. All these are
discovered and modified as the expert system gradually gains
competence.

3. MULTI-AGENT SYSTEM

A multi-agent system consists of several agents interacting
reciprocally with other agents both within themselves and with
their surrounding environment. An agent is either a digital
computer program or a program capable of independent action.
In other words, the agents are autonomous. Agents are
sophisticated computer programs that act autonomously in
support of their users, across open and distributed environments,
to resolve complex problems. However, applications require
multiple agents that can work together. A multi-agent system
(MAS) is a coupled network of software agents that interact to
resolve problems that are beyond the individual capacities or
knowledge of each expert [20].The goal of multi-agent systems'
research is to find methods that allow building complex systems
composed of independent agents who, while operating on
restricted knowledge and owning only limited abilities, are
nevertheless capable of performing the desired global behaviors.
In this paper, the multi- agent system has several agents such as
fasting and pre-prandial blood glucose, postprandial (2 hours)
blood glucose, bedtime blood glucose, random blood glucose,
etc. In the following expert system (Figure 2), blood glucose test
results in different situations are input parameters. According to
the defined rules of the system, it is decided whether hypo- or
hyperglycemia acquired or not. For each case associated
recommendations will be appeared.

4. PROPOSED METHOD

The proposed expert system includes 4 internal separate
sub-expert systems.

Section 1: Body weight and daily energy and macronutrient
requirements assessment. This section contains two parts. One
part determines daily requirements of calorie, carbohydrates,
proteins and fats based on patient's weight, height, age, gender
and physical activity level. Proteinuria is a condition of presence
of protein in the urine and is the predictor of diabetes
nephropathy. People with proteinuria have to consume less
protein. In this case, system calculates protein lower than that of
This paper proposed an expert system for nutrition
recommendations in diabetes and related diseases. This expert
system is feasible in diabetes self management and helps
diabetes patients to make appropriate health related decisions in
complex situations. Some expert systems were designed for
diagnosis and treatment of diabetes [6, 16-18]. These expert
systems did not include both type of diabetes (type 1 and 2)
[16], diabetes complications (ex: proteinuria) [6, 16-18] blood
glucose level in different situations (ex: pre exercise blood
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the same condition according to engineer-defined rules.
Another part of this section calculates BMI (body mass index)
and body fat percent and compares them with defined ranges
[21-22]. In the case of overweight or obesity system declares
what the normal ranges of weight and body fat percent are.
After that, patient can get some weight reduction advices
according to the sample code in Figure 3 and correspondent
recommended message will be visualized to the user (Figure
4).

Section 2: Hypoglycemia and hyperglycemia symptoms. When
hypo- or hyperglycemia develops different symptoms may
occur. In this section if the patient mark the symptoms he/she
experiences, the system is able to guess to which condition (ex:
hyperglycemia) the symptoms may be related. It declares the
patient his/her status and asks for blood glucose monitoring.
Then the knowledge-based part and interface engine will
provide the user with recommendations according to the level
of the blood glucose (Figure 5). The recommendations are
based on the type of diabetes (type 1 or type 2).

Section 3: Self-monitoring of Blood Glucose (SMBG). SMBG
is an important component in effective and safe diabetes
management. Patients may perform SMBG before meals, 1 to 2
hours after meals, at bedtime and during the night or whenever
needed to know whether symptoms are caused by hypo- or
hyperglycemia. Normal blood glucose levels have been
classified for different ages according to the American
Diabetes Association (ADbA) guidelines 2011 [23]. The
included items are fasting/ pre-prandial, postprandial, bedtime,
pre-exercise and random blood glucoses. In the case of hypo-
or hyperglycemia the system declares the patient that he/she
may be at risk for hypo- or hyperglycemia and gives them
appropriate recommendations. The recommendations are based
on the types of diabetes (type 1 or type 2).

Let’s consider someone who has low pre-prandial blood
glucose (<70 mg/dl). The system announces that he/she is
hypoglycemic. For his/her the first system recommendation is
to consume 15 grams of a fast-acting carbohydrate and the
second is to recheck his/her blood glucose fifteen minutes
afterwards.

Section 4: Diabetes associated disease. Last section of this
expert system contains a database of diseases which are
associated with diabetes or may develop as a result of it such as
overweight/ obesity, hypertension, hyperlipidemia,
hypothyroidism, heart disease, celiac disease, gastroparesis,
and diabetic neuropathy (Figure 7). If each of these problems is
chosen, the related nutrition recommendations appear. Also
definitions of key terms are available (Figure 8)

5. CONCLUSION

glucose) [6, 16-18] and diabetes associated diseases (ex: heart
disease) [6, 16-18] in diabetes control. In this paper type of
diabetes is information the system uses to conduct proper
recommendations in hypo- or hyperglycemic conditions.
Moreover, by using signs and symptoms of hypo- or
hyperglycemia and patient's blood glucose level this system is
able to make proper recommendations. By encompassing
different aspects of diabetes and ease of use, this expert system
is usable by both experts and diabetes patients. But there are
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some obstacles for patient usage. Fundamental obstacles are relevance between proposed expert system and others; hopefully
accessibility to the technology and patient computer skills. As a we will provide comparative results and statistical analysis
result in comparison with the other expert systems which based on this software in our future works.

designed and based on diabetes studies, there is not much
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Figure 1: The sequence of operations in the expert system

Hyperglycemic [ Other agents... ]
[ Symptoms
\ Hypoglycemic
[ Type of Diabetes I Symptoms

[ Fasting Blood Sugar

[ Postprandial (2 hours)

Diabetes
Recommendation
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Figure 2: A multi-agent system

private woid bodyfat (fat,sex)
if (bmi < 18.5)

{

Underweight
I}
else if (bmi >= 18.5 && bmi <= 24.9
{

Normal Range
H
else if (bmi »>= 25 && bmi <= 29.9)
{

Overweight

Some correlate recommendaticn
H
else if (bmi >= 30 && bmi <= 34.98)
{

Obesity, class I

Some correlate recommendaticn
H
else if (bmi »>= 35 && bmi <= 39.9)
{

Obesity, class IT

Some correlate recommendaticn
H
else if (bmi »>= 40)
{

Extreme obesity, class III

Some correlate recommendation

{
if (sex==Female && fat> 32)
{
Excessive fat
}
else if (sex==Female && fat<= 32
{
Normal Range
i}
else if (sex==Male && fat> 25)
{
Excessive fat
H
else if (sex==Male && fat<= 25)
{
Normal Range

¥

Figure 3: BMI and Body Fat (%) Classification Sample Code
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Please Fill this Form

Your Daily Hutritional Requirements BMI . Body Fat . Normal B ody Weight

Weight: | B0 ka Range
Height: | 1.80 o Your Energy is : 2609 Your BMI is : 18.5 kg/m2
A=t year Fat: 87 a BodyFat[z): 113
Phyzical Activity : . Carbohydrate : 326 ar Mormal body weight range: B0 - 81
Sex: [] Prateinuia  Pratein : 130 ar

[ =

Info Info I

\1 J ‘our Body Fat is in Mormal Range - | J ‘our BMLis in Mormal Range
Figure 4: BMI and Body Fat Message
DRES 3

1
2.

1

‘You are not hypoglycemic, your body became accustomed to high blood sugar, so it interprets normal glucose as low & it would improve with ti
Talk with your doctor to give you some advice.

il

Please Mark Only the Symptoms you CURRE!

NTLY are Experiencing Please Mark Only the Symptoms you CURRENTLY are Experiencing

~
[7] Increased thirst [] Irritability  [] Confusion [ Iner — Lision
[J Headaches Pale skin [] Dizziness [] Head Blood Sugar e
[] Difficulty concentrating [] Sweating [ Feeling shaky [] biffic ‘You May be at Risk for Hypoglycemia el
[] Blurred vision ] Trembling [ Hunger ] Blurre Please check your blood sugar and fill below box : e
[[] Frequent urination [[] weakness [} Headaches [] Freq 150 aches
[[] Fatigue (weak, tired feeling) [[] Anxiety [] Fatigf

[7] Pounding heart; racing pulse pulse

Figure 5: Symptoms

fge 12
Physical Activity: |
Sex:

Please Fill this Form

Type of Diabetes :

Fasting and Preprandial blood sugar :
Postprandial (2 hourg] :

Bedtime blood sugar :

Random blood sugar

HE&e

Pre-exercize Blood Sugar

of Hypo- and Hyperglycemia and related recommendation

year Result >>>>»

[v]

vl [] Prateinuria

_T_l,lpe'l ‘vl 1

140 k23

\
Info 2
1 E Hyperglycamia
L]

EHlE

232

222

d

322
DRES
1. I the usual doze of medicine for type 2 diabetes or insulin waz mizsed. give the miszed dose.
2 If pour blood sugar level is lower than 250 milligrams per deciliter [ma/dL) Exercize 1/2 to one hour after meal. 3
3 Dirink, Extra liquids ta replace the fluids lost through the urine. W ater and sugar-free drinks are best,

Figure 6: Sample Data and the Result in Phase 3
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Carbohydrate L

L 9 There is More Details About Carbohydrate,
\'/ Press Ves for Mare Information

Recommendation E
| & 1 Don't eat dinner late,
\\1‘) 2a Exercise at evenings.
3 Dion't miss bedtime snacks. It's better take something contains proteins or a complex carbohydrate, such as a glass of milk or peanut butter with
cracker,
4

1t can happen if basal insulin may no longer be enough to manage your fasting blood sugar. In that case, talk with your doctor, He or she may increase
waour insulin dose or change the time when your last dose of insulin is given,

\ 2

Please Select a Question Below :

‘what should | do when | am hypoglycemic duing acute liness?

How | can prevent hypoglycemia?

| have frequent episodes of low blood sugar. What should | do?

| had fasting hypoglycemia three times last week? What's the solution?

My blood sugar levels frequently drap after meals! ‘What are the causes and what can | da?
How Can | Prevent Huperglycemia?

| had high levels of fasting blood sugar more than twice in the last week? What's the solution?
| had high postprandial blood sugar 3 times last week? How can | prevent it?

How can | prevent low blood sugar (hypoglycemia) during exercise?

Do you suffer from these Symptoms? (1) Heartburm (2] Mausea (3] Vomiting of undigested food (4] Early feeling of fullness when eating (5] Lack of appetite  [6] Abdominal bloating 1
Do you have hyperlipidemia? M

Figure 7: Last Part of Expert System

el DRES\bin\Debug\hypo.htm - Windows Internet Explorer [;Jw
Gei- & \DRES\biniDebuglhypo.htm ] [#2][x ] [2W soogle |[2]-

File Edit View Favorites Tools Help

57 Favorites | 5% €] Get more Add-ons ~

ata & Knowledge Engineeri... ﬂ Suggested Sites v

é \DRES\bin\Debugihypo.htm \ ‘ f?ﬂ 2 =1 @ v Page~ gafety ~ Tools - @" X

Hypoglycemia: Changes in food intake, physical activity, and medication(s) can contribute to the development of
hypoglycemia. Treatment of hypoglycemia requires ingestion of glucose or carbohydrate-containing foods. The acute
glycemic response correlates better with the glucose content than with the carbohydrate content of the food. With insulin-
induced hypoglycemia, 10 g of oral glucose can raise blood glucose levels by ~40 mg/dl (2.2 mmol/l) over 30 min, and 20 g
of oral glucose can raise blood glucose levels by ~60 mg/dl (3.3 mmol/l) over 45 min. In each case, glucose levels begin to
fall at ~60 min after glucose ingestion .

Done

j My Computer ¥a 7| RK100% -~

Figure 8: Sample definitions of key terms

10



6.

International Journal of Computer Applications (0975 — 8887)
Volume 53— No.14, September 2012

Sex: ~ | [ Prteinuria | Protein

Please Fill this Form

Type of Diabetes Type 1 v ) e
Fasting and Preprandial blood sugar [ Headaches

Postprandial (2 hours) : [] Difficulty concantrating
Bedtime blood sugar - [ Blurred vision

Fiandom blood sugar T [ Frequert urination

Hble [ Fatigue (weak, tired Fesling)

Pre-sxercise Blood Sugar

Please Select a Question Below :

what should | do when | am hypoglpcemic during acte ilhess?

How | can prevent hypoglycemia?

| have frequent episodes of low blood sugar. What should | do?

| had fasting hypodlpcemia three times last week? What's the solution

My bload sugar levels frequertly drop after meals! Wwhat are the causes and what can | do?
How Can | Prevent Hyperglycemia?

| had high lewels of fasting blood sugar more than bwice in the last week? What's the solution?
| had high postprandial blood sugar 3 times last week? How can | prevent it?

How can | prevent low blood sugar hypoglycemia) during exercise?

Do yau sutfer from these Symptoms? (1] Heartbum
Do you have hyperlipidemiz?

ores "
Please Fil this Form Your Daily Nutritional Requirements BMI . Body Fat . Normal Bady Weight
weight: ka Range \ b4 y
i m Your Enegy is: Your BMI is rs
Age vear Result >>>> o v
Fat Body Fat %)
Control your i
Physical Activity v Carhohydrate Mormal bady weight range : D = t
iabetes.

Please Mark Only the Symptoms you CURRENTLY are Experiencing

[2)Nausea  [3)Yomiting of undigested food  [4) Early fesling of fullhess when eating

For Life.

[] confusion
[] Dizzingss

[ trritabilicy

[ pale skin Database and Scientific Support By Baran Hashemi

) e and Farinaz Abbasian
eeling shaky
[ Hunger

[[] Headaches

[] Sweating
[ Trembling
[[] weakness
1 anxiety

[[] Paunding heart; racing pulse

Copyright © DRES 2012

Just a Research Software.
The Results May Change by Complex Calculation

Definitions

(5] Lack of appetite (6] Abdominal bloating

Figure 9: Proposed Program Whole Picture
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