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Abstract:Diabetes mellitus is fast growing serious disease in human population. The
population of diabetesboth minor and major cases have been discussed through mathematical
model. The mathematical model is used to describe the various stages of diabetes with minor
and major complications, which is solved by Runge-Kutta method.The model provides the

status of the complications of diabetes for medication.
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Introduction:Diabetes is a disorder of metabolism in the body. This disorder is generally due
to a combination of hereditary and environmental causes. In 2013, WHO developed plans for
prevention and control of non-communicable diseases by 2025, which included a 25%
reduction in mortality from non-communicable diseases, halting the growth in diabetes and
obesity and ensuring that at least 80% of patients have access to affordable basic technologies
and essential medicines for non-communicable diseases. According to the burden of diabetes
determines for the 1.3 billion population of India mask wide variations across the states of the
country, many of which are comparable to large countries in terms of population. The India
state-level disease burden initiative has recently reported the overall trends of the diseases,
and risk factors from 1990 to 2016 for every state of India. Results are reported for 31
geographical units in India that is 29 states, union territory of Delhi, Chandigarh and others.
In this work the numerical data has been taken from Chandigarh region for the research on
the disease. Anusha S. et al. 2021 worked on the mathematical modelling co-existence of

diabetes and CoV-19 for finding the eco-epidemiological perspective and the burden of the
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disease. In WHO reports, epidemiological analysis are focusing on the co-infection of
COVID-19 and comorbidities, because comorbidities have been recognized as a risk factor
for increased COVID-19 cases and higher fatality. There are many studies have provided that
diabetes is one of the major co-morbidities associated with severe illness and death from
COVID-19 infection. Here, the main focus on the dynamics of the co-infection of diabetes
and COVID-19 and achieved the following points:
I.  To construct the deterministic model that describes diabetes and COVID-19 co-
infection with the study of existence of equilibrium and stability.
I1.  Stochastic models are more realistic as compared to deterministic models. So, the
proposed model is extended to a stochastic model to examine the effects of stochastic
perturbations.

The approximation solution of the differential equation :—i = f(x,¥)
with the condition y(Xo) = Yo

Compute, x; = x5+ h

Ky = f(x0,¥0)

h h
K, =f(x, + E:}’u +EK1J

Ky = f(xg+ hy, — h K, + 2hK,)
1
¥ =}’u+g (Ky + 4K, + K3)

Then, for the r input vector, x of length; n the Jacobian vector of size nx1 can be defined as

@ _pPre o)
dx dx, e dx,,

So, for the same input vector n, of the length; u the Jacobian is now a m X n matrix; So,
J € R™"" that is defined by

Y@ P | | A A

dx dx, e dx, dx, 7 dx,
9 [ () 9fm(x)
L dx; 7 dx, |

Generalization of system of n equations

¥ = fitxirxzr xn]
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}Fn = fn (xlfxzf xnj

Then, the Jacobian matrix is

[dy,  dyy dyy7
ox, ox, T ox,
dy, 9y, dy,
F=l|0x, ax, —~ dx,
dy, ay, ay,
18x, 8x, =~ Ox,.

for example, to determine the behaviour of general 2D systems of differential equations

dx _

dt - f[.’?ﬂ,}"j

d

d—i =g(xy)

Which together constitute the matrix defining the linearized system
af of

| 9x Ay | _ra b

I= dg dg | (c d)

dx dy

This Jacobian matrix is called the Jacobian of the given system in the point (&, ¥).

Formulation of Mathematical Model: The equation of the diabetes is given as below:

Z—A— (B +B)X — X (1)
2= By X — ¥y — MY, ¥y
%=52X—M’:—ﬂ:}’: (3)
Where,

A. Nomenclature:

B. X(t): Number of diabetic patients without complications

C. ¥, (t): Number of diabetic patients with minor complications
D. ¥5(t): Number of diabetic patients with major complications

E. N: Total populations (in Millions)

68 International journal of Management, IT and Engineering
http://www.ijmra.us, Email: editorijmie@gmail.com



http://www.ijmra.us/
http://www.ijmra.us/

International Journal of Management, IT & Engineering
Vol. 12 Issue 01 January 2022
ISSN: 2249-0558 Impact Factor: 7.119

Journal Homepage: http://www.ijmra.us, Email: editorijmie@gmail.com
Double-Blind Peer Reviewed Refereed Open Access International Journal - Included in the International Serial Directories Indexed & Listed
at: Ulrich's Periodicals Directory ©, U.S.A., Open J-Gate as well as in Cabell’s Directories of Publishing Opportunities, U.S.A

F. A: Incidence of diabetes

G. [5;: Growth rate of diabetic patientswith minor complications
H. f,: Growth rate of diabetic patients with major complications
I. u: Death rate

J. 11y: Death due to minor complications

K. 1,: Death due to major complications

L. t: time

"1 ) - 1y
>
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Figure 1: Mathematical Model XYY
Analysis of Mathematical Model:
Method :1Runge-Kutta Method
Also, rewrite the above equations
S =hi=A- (BB X = o =PBix— (WY,
dy,
dt
Using RungeKutta method of order third.

= f3 = Box — (n; + WY,

Xpay = X, +7h[K + 4K, + K],
Here, K; = (% Vn)iK, = F(x, + 2.y, +2K,);Ks = f(x,, + h, ¥, — hK, + 2hK;)

So, the general equations for r > 0 and h equals totime interval are given by,

X,p =X, +K = X, +: [K; +4K, + K] (4)
1
(Y1)rs1 = (Y1), +L = (Y1), +2 [Ly+ 4Ly + Lg] (5)
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() a1 = (1), + M = (V) +3 [My+ 4M, + M,] (6)

Here K, L, and M are defined as
K, =MANh— (B + B, +phX,
K, = Ah— (B, + B, +,ujh()~;’u+%hf{1j
Ky =ANh— (B, + B, +u)h (X, +hK,)
Then, K == [K, + 4K, + K;].

Ly = hf Xy — h(ny + 1) (Y1),
h
L, = hp, (Xu + 551) —h(ny + ) {(Yy)o + RLy}
h
Ly= 1By (%o + 5K, ) = hOny + (5o + L)

Then, L == [Ly + 4L, + L]

M, = hf3, X, — h(n, + p)(¥,),
h 1

M, = hf, (XI} +EK1) — h(n, + 1) {(Yzju + EhMJ
h

My = hby (Xo +5 Ky) = hCn + (1) + hMs)

Then, M = = [My+ 4M, + M,].

In the report, provided by the ICMR that the prevalence of diabetes in Chandigarh was 13%,

20% of prediabetics and 50% don’t know that they have diabetes unless there is complication

with one or the other organ.
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Figure 2: Chart for X(t) that is number of diabetic patients without complications are

increases with respect to time.
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Figure 3: Chart for Y(t) that is number of diabetic patients with minor complications

are increases with respect to time.

Chart for Y2

5000000
0

67 8 o
10 11 12
1 2 3 4 5 | T 7 8 9 10 L1 L2
Seriesl  mSerigs2
Series] 0 0 1 2 } 4 5 G 7 8 9 1.0
m Series2 431 331180 661929 992678 132342 165417 198492 231567 264642 297717 330792

Figure 4: Chart for Y,(t) that is number of diabetic patients with major complications

are increases with respect to time.
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Fig. 5: Comparison of all variablesunder complications is increases with respect to time
Method :2Jacobian Method
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Using the governing equation, construct the Jacobian Matrix (J) as follow,

—B1—B,—n 0 0

J= By —xXy— H 0
B, 0 Xz H
Now the Characteristic equation on Jacobian as given below:
det(J —AI) =0,
—B1—=B;—pn—2 0 0
det(J — AI) = By —xy—pu—A 0 =0
B, 0 —Xp—p—A

S+ By+B,+ W) Otx, + W) (Atx, + 1) =0
Therefore, after solving, three eigen values are given as

M= =Byt +u) A= —(xy+ )= —(x+ p)

Since, all the eigen values are negative the system is stable. That is under some precautions it
will be not increasedor may be minor changing in the growth of diabetic cases.

Graphically Representation of the Outcomes:

0.0002
0.0001 \
0 L
0 0.5 1 1.5 2 2.5 3 3.5
-0.0001
Figure 6: Graph for X and time t.
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Figure 7: Graph for Y; and time t.
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Figure 8: Graph for Y, and time t.
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Figure 9: Graph for the all variables with time t.
Discussion:There are plotted four diagrams that model is useful for understanding the growth
of diabetic patient with their minor and major complications. The signs of eigen values are
found all negative so that the given system will be stableThat is under some precautions it
will be not increased or may be minor changing in the growth of diabetic cases. This is
important to notice that the doctors and patients alike can have a better understanding of how
to medicate along with the minor and major complications during treatment. However, the
system maybe unstable in case of not focusing to diabetic patients on time,otherwise heavy
less could be there. The mathematical model is used to describe the various stages of diabetes
with minor and major complications graphically with the help of Runge-Kutta method and

Jacobian method. Comparison of all variables for minor and major complications are

analysed graphically with respect to time.The model provides the status of the complications

of diabetes for medication through graphically.
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