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Abstract This work displays a numerical model of glucose metabolism including the digestion of carbohydrate as a
factor affecting blood glucose concentration for type 1 diabetic patient. It includes a comparative study of glucose
metabolism for different types of food: Black Beans, Whole Wheat Bread, Brown Rice, Lentils and Oatmeal. The model
involves the differential equations for change in concentration of glucose, insulin and epinephrine in which factors for
physical activities and carbohydrates affecting glucose concentration are also included. Graphs are drawn using the solution
of the differential equations. This work represents glucose level picked up by various food items for both exercising and
non-exercising person. It is concluded that there is a great impact of physical activities and eating habits in regulation of

plasma glucose concentration for a type 1 diabetic patient.
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1. Introduction

Diabetes Mellitus is a syndrome of disordered
metabolism characterized by very high blood sugar level.
This high blood glucose is either due to body’s failure to
produce insulin or due to body’s failure to respond towards
insulin produced by the body itself. These two causes
produce two types of diabetes: Type-1 diabetes mellitus and
Type-2 diabetes mellitus respectively. Type-1 diabetic
patients need insulin either by injection or by wearing an
insulin pump as their body does not produce insulin. Type-2
diabetic patients do not need insulin. Type-1 diabetes is also
an autoimmune disease arises when the immune system
mistakenly killed the pancreatic beta cells. As a result
insulin is not produced in the body. Due to this cessation of
insulin secretion, type 1 diabetes arises [1]. Diabetes is the
disorder of glucose metabolism in which oxidisation of
sugar does not take place to produce energy due to lack of
insulin [8]. Another type of diabetes is known as gestational
diabetes, which arises during pregnancy. In many cases it
cures automatically after pregnancy but if remains uncured
then causes many complications [14]. Diabetes without
proper treatment can cause many complications.

In developing countries, due to adoption of western
lifestyle with decreased physical activity and more
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consumption of fast food, the rate of increasing obesity has
become tripled [4]. For achieving better quality of life in
diabetic patients it is necessary to pay attention towards a
preventive, predictive, personalized and participatory
approach of treatment. Mathematical modelling of diabetic
condition and its associated complications provide the deep
and clear knowledge about the diverse and complex
mechanism involved. A differential equation model has
been proposed in this work. In this model the authors
involved different factors affecting glucose metabolism.
Change in concentration of Glucose and Insulin are
considered. Concentration of Epinephrine also included in
this model. Epinephrine is a hormone which is secreted by
adrenal glands when there is the deficiency of glucose in
our blood [3]. It helps to covert the stored glycogen in liver
into the glucose and increase the concentration of glucose in
the blood [3]. It is suggested to medical practitioners that
they should encourage the physical activities and intake of
limited calories to diabetic patients [2]. All kinds of
physical exercise can help to take care of diabetic patients.
Even little amounts of physical exercise can help. It is
suggested to diabetic patients to do 30 to 60 minutes of
moderate to vigorous physical exercise daily [9].

The work represents comparative analysis of glucose
behaviour of different types of food items — Black Beans,
Whole Wheat Bread, Brown Rice, Lentils and Oatmeal.
Whole wheat bread and brown rice have a large amount of
carbohydrates while oatmeal gives a less amount of
carbohydrates. Lentils have fewer amounts of carbohydrates
in comparison to Black beans. Based on this comparative
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analysis eating habits of a diabetic patient can be improved.
The study explains the dynamics of glucose-insulin
regulatory system with impact of physical exercise on a
diabetic person from breakfast (8.00am) to lunch (1.00pm)
ie. Shrs (0-300 minutes). When a meal containing
carbohydrate is eaten, human body digests the carbohydrate
and convert it into called glucose, which can then be used as
energy by the cells in humans. Type —I diabetes is a
condition where body can’t properly control the amount of
glucose in blood.

The authors propose a mathematical model of glucose
regulatory system for type-1 diabetic patient including the
impact of carbohydrate by different food items on glucose
level in the blood. The model also includes effect of
physical activities on the blood glucose level. There is the
direct effect of activities in carbohydrate metabolism. The
entry of glucose into skeletal muscles is increased in the
obscene of insulin [11]. During exercise absorption of
injected insulin is more rapid. As a result muscles uptake of
glucose increases [11]. Healthy eating habits play an
essential part of controlling the Type 1 diabetes. The
concentration of glucose in the blood in a non-diabetic
person lies in the range of 80 — 110 mg/dl under the fasting
condition [10].

2. Mathematical Model
dG G
Ez—(m1+eG)G—m21+m3E+7” (1)
%=m4G—(m5 +e,) +mE 2
d—Ez—m7G—m81+m9E 3)

dt

G - Blood Glucose Concentration

I - Blood Insulin Concentration

E - Epinephrine

e, - Effect of physical exercise in increasing the
utilization of Glucose

e; - Effect of physical exercise in accelerating the
utilization of Insulin
G,,, - Output of carbohydrate metabolism system

V' - Volume distribution space

My My e ,Mg are constants.

3. Mathematical Analysis

Differentiating equation (1) w. r .t. t in the above model,
we obtain:
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e 2 3

“4)
dr? dt

/§ E
Substituting for d— and % from equation (2) and (3)
t

dt
respectively in equation (4), we get:
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Solution of equation (7) is
G =e “ (4, cos ot + A, sin wr)
e*at
+ [sin a)t_[ e“ cos wtS(t)dt (11)
o}

—cos a)tj e® sin wtS(t)dt]
Where @ = 6002 -a’
If S(#) = Bo(¢) then equation (11) gives

e—O{Z‘

G =e % (A coswt + A, sinwt) + Bsinawt (12)

2]

If t=0 then G=G(0) , so that 4, =G(0) . Also,
integrating (7), we get

dG
[Elzo +2a(G),y + a)OZIGdt = BI o(tydt (13)

So that
2 B —at :
w,” (4, +—)Ie sin wtdt = B (14)
0]

Which gives 4, =0 and leads to the solution
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—at
e . _ .
G= Bsinwt + e *G(0)cos wt (15) 190
@ 185 4 Whole wheat
G 180 - Bread/ Brown
Where, B = "¢ V- Rice
s 175 +
Black
Table 1. Parameters Estimations = 170 - ac
£ Beans
Parameter Value Unit Reference E 165
8 160 -
G(0) 140 mg/dl [5] 5
(G) i
10) 0 | mgd [s] 155
150 - Oatmeal
Gaxt (Black beans, 1 cup cooked) 215 mg/dl [7] 145
140 T T T 1
Gexl (Whole Wheat Bread, 2 0 100 200 300
295 mg/dl [7]
slices 4"x5"x3/4") Time(Minutes)
G , (Brown Rice, cooked, 1 Figure 1. Blood Glucose level with respect to time for different types of
. 295 mg/dl [7] food without physical activities
cup) Case 2. If a type 1 diabetic patient is doing physical
activities
G,,, (Lentils, 1 cup cooked) 210 mg/dl (71
Table 3. Parameter estimation in case of with physical activities
G,,, (Oatmeal, cooked, 1 cup) 205 | mg/dl 7] Foods B Ge% Reference
14 194.4 dl [1] Whole Wheat Bread /
O];?row:a]iic;ea 1223782 (73,111
Case 1. If a type 1 diabetic patient is not doing physical
activities Black Beans 0.891909 [71,[1]
Lentils 0.871167 [71,01]
Table 2. P: imation i f with hysical activiti
able arameter estimation in case of without physical activities Oatmeal 0.850425 7101]
(04 0.015 [12],[9]
Foods B = Gw/ Reference
V 0] 0.008 [12],[9]
170 -
Black Beans 0.891909 [71,[1] 165 4 Whole wheat
Lentils 0.871167 [71,[1] - bread/Brown Rice
Oatmeal 0.850425 [71.01] 2 160 -
= Black Beans
a 0.009 [121,[9] £
o 155 -
W 0.008 [121,[9] 2
5 150 -
The figure 1 represents concentration of glucose in blood o )
. . . . . Lentils
for different types of food items when the diabetic patient 145 -
does not perform physical activities. The above graph Oatmezal
140 T T T 1

displays the solution of equation (15) using the parameters
estimation of Table 1 and Table 2. Glucose level in blood
becomes very high after eating whole wheat bread and
brown rice while it is not too much high in case of oatmeal
and lentils. It is easily understandable that oatmeal, lentils
and black beans are better option for food in comparative to
whole wheat bread and brown rice for a diabetic person.

0 100 200 300
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Figure 2. Blood Glucose level for different types of food with physical
activities
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The figure 2 represents blood glucose concentration for
different types of food items when the diabetic patient
performs physical activities. The above graph displays the
solution of equation (15) using the parameters estimation of
Table 1 and Table 3. The gain of glucose from whole wheat
bread and brown rice is greater than the others. If we
compare this value between exercising and non-exercising
patient then it is less in case of exercising patient, which
means activities have direct effect on glucose metabolism.

4. Conclusions

The level of carbohydrate in diet of diabetic patient is the
most important factor influencing blood glucose levels after
a meal. This work represents a glucose metabolism based
mathematical model for type 1 diabetic patient. The solution
of differential equations is represented in graphical form
which describes the blood glucose concentration in body for
different types of food for exercising and non-exercising
diabetic patient. It is suggested that the concentration of
glucose in blood plasma can be decreased by doing physical
activities for a diabetic patient and also it can be controlled
by improving eating habits according to the gain of
carbohydrates from different food items and by doing some
physical activities.
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