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Abstract. This study discusses the numerical solution of the model analysis of diabetes
mellitus without genetic factors with treatment using the fourth order Runge-Kutta. The
mathematical model in the form of a differential equations system that includes S
(Susceptible), E (Exposed), I (Infected), and Ir (Infected with Treatment) which has been
simplified into the total population class (N), the latent population (E), the patient population
without treatment (/) and the patient population with treatment (/7) as the initial value and the
value of 4, u, 6;, 6,, @, B as parameters were resolved numerically using the fourth order
Runge-Kutta method and performed as many iteration with interval time or 4 = 0,01 years.
The data taken in Makassar City for each class population. Initial and parameters values are
subtituted into numerical solutions to the model which are then simulated using Maple,
indicating that at t = 5 years the magnitude of the entire population class  (N) = 195.216, the
latent population (£) = 31, the patient population without treatment (/) = 4.836 and the patient
population with treatment (/7) = 1.454. The results concluded that the magnitude of the value
for the rate of each class of population in the next five years decreased due to the population
dead and/or move the next class of the population.
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1. Introduction

Mathematical models are mathematical representations that result from mathematical modeling.
Mathematical modeling is a process of representing and explaining real-world problems in
mathematical statements [1]. Many problems in the world related to mathematics can be formed into
differential equations systems. One of them is a disease that is increasingly suffered by the world's
population and is increasing every year, namely diabetes mellitus (DM).

According to the results of basic health research in 2013, the prevalence of diabetes in South
Sulawesi which was diagnosed by doctors was 1.6%. Diabetes mellitus that is diagnosed by a doctor
or based on symptoms is 3.4%. The prevalence of diabetes diagnosed by a doctor or based on the
symptoms of Makassar City occupies the second highest position [2]. Diabetes mellitus is a hereditary
disease, although that does not mean that this disease will definitely decline in children. Although both
parents suffer from diabetes mellitus, sometimes their children do not have diabetes mellitus [3]. The
results of the research of Henrita, E (sales manager of health zone talents) as much as 80% of people

Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
BY of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOI.
Published under licence by IOP Publishing Ltd 1



3rd ICMSTEA IOP Publishing
IOP Conlf. Series: Journal of Physics: Conf. Series 1244 (2019) 012021  doi:10.1088/1742-6596/1244/1/012021

with diabetes mellitus are not due to hereditary factors but rather due to factors of food and beverage
consumption patterns [4].

Research on mathematical models on the spread of infectious diseases has been carried out by
[51[6]1[71[8]1[9][10], this study provides a numerical solution of the diabetes mellitus model using the
fourth order Runge-Kutta method as in the method [11] namely the model. Mathematics of diabetes
mellitus without genetic factors with treatment. This fourth-order Runge-Kutta method provides
higher accuracy results in calculations and rounding [12].

The system of differential equations in the mathematical model of diabetes mellitus without genetic
factors with treatment will be solved numerically using the Runge-Kutta method and then simulated
the model that has been numerically completed with secondary data according to the population class
in the model obtained in Makassar City in the form of initial value and parameter value given.

2. Runge-Kutta Method
The general form of the Runge-Kutta method is as in the following equation (1):

Xiy1 = Xj + @ (tixjh)h D

with @(t;x;h) is an increase function which is the mean slope at the interval and is used to extrapolate
from the old value x; to the new value x;,1 throughout the interval h. The addition function can be
written in general form as in the following equation (2):

® =aky +ak, +-+ak, )
with a is a constant and k is:
k, = f(t;x;) 3)
ky = f(t; + pih, x; + qq1ky, h) 4)
k3 = f(t; + pih, x; + q21k h + g2k h) ®)

ky, = f(ti + Pn-1h X+ Qnogokih + g pkoh + 0+ qn—l,n—lkn—lh)
with p and q are constants. The value of k indicates the sequential relationship. The value of k;
appears in equation (4), both of which also appear in equation (5), and so on [5].

3. Runge-Kutta Fourth Order Method
The fourth order Runge-Kutta method has the form as in the following equation (6) [5]:

Xppqg = %; + é (ky + 2ky + 2ks + k)R (6)
with,
ky = f(t;x;)
1 1
ey = f(ti +5hx +§k1h)

1 1
ey = f(ti +5h +Ek2h)
ky = f(t; + h,x; + k3h)

4. Model of Diabetes Mellitus without Genetic Factors with Treatment

In this case, the treatment of patients with diabetes mellitus was carried out. So that the SEIlr
mathematical model was obtained in diabetes mellitus without genetic factors with treatment. Normal
individuals (not yet affected by diabetes) are included in the Susceptible class, individuals who have
bad habits, decreased insulin hormone and increased blood glucose are included in the Exposed class
(latent population), and infected population are classified into two classes, namely infected class who
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gets treatment (It) and infected class without treatment (I) [6]. Models can be seen in the transfer
diagram as shown in the following:

(u+d; )Ir
E
A - 1—
ﬁsN (1-a) IT
— S » E
T 7Y
us HE (1+8y I

Figure 1. Diagram of mathematical model transfer of diabetes without genetic factors with treatment

Based on Figure 1, a mathematical model in the form of a system of ordinary differential equations
which contains variables S, E, I, It, and N. N (t) states the number of population at t. So the system of
differential equations of Figure 1 is as in equation (7) to (11) below:

as E

= =A-uS-pSy, W)

dE E _ _

E_BSN’ ME —E, (8)

= — (u+ 8y, ©)

a

L= (1 - a)E — (u+8)Ir, (10)
N=S+E+I1+I. (11)

Equation (9) to (11) is obtained C;—IZ =A—uN — 8,1 —8,Iy.

as dE dl dl
Because N=S+E+ 1+ Iy, then = =————-=L

—, S0 a simpler system is obtained in equation
at  dt dt dt
(12) to (15) as follows:

8= A—uN = 8,1 — 8,1, (12)
dE E

L BN-E—1-1)E—pE-E (13)
o= aE = (u+ )1, (14)
== @E = (u+ &)l (15)
dit

=0 -E — (u+8)Ir. (16)
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5. Research Method
This Mathematical modeling of SII for DM is a theoretical study.

Research Scheme

Literature review:
1. DNMathematical model of dizbetes mellitus without genetic
factors with treatment
2. PBunge-Eutta fourth order method

¥

Determine the mathematical model of dizbetes mellins without genstic
factors with treatments m the form of differential equations

!

hiodel selution with the fourth order Funge-Eutta method

¥

Collect data as:
1. Initizl value
2. Parameter value

!
Simulation
!
/ Concluzion /

Figure 2. Problem-solving scheme

6. Results and Discussion

6.1. The model solution with the fourth order Runge-Kutta method

Equations (12) to Eq (15) will be solved using the fourth order Runge-Kutta method by equation (6).
The model of diabetes mellitus without genetic factors with the treatment to be completed is a system
of equations, so there is no need to change it. Equations (12) to Eq (15) are substituted in the fourth
order Runge-Kutta equation so that the following equations (17) to Eq (20) are obtained:

Niww = Ny + = hey + 2Ky + 2kes + ky) (17)
Eir = Ei+2h(ly + 20, + 205 + 1) (18)
iy, =6+ %h(m1 +2m, + 2m; +my) (19)
I, = I, +%h(n1 +2n, + 2n5 +ny) (20)
with,

k1 =A- ‘llNl - 511,: - 52[Ti
E;
L =B(N;—E — I - ITi)N_L__”Ei -k
my = ak; — (u+ 8
n=0-a)E—(u+ 82)Ir,
h h h
ko =A—uN; + kq3) = 6:(I; + my 3) = 8,(Ir; + 141 3)
h
Ei+llf

h)—u(Ei +1D— (B +1L3)

Ni+k1;

l2 =ﬁ((NL +k1%) - (EL +ll§) _(Ii +m1%) — (ITi+n1§))(

h h
my =a(E; +1; E) —(u+6)U; + m1;)
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h h

n, =1 -a)E+ L) =+ 6)Ur +n13)
h h h
ks =A—u(N; + kz2) = 6:(I; + mp3) = 8,(Ir, + nz3)

h
h h h h Eitlz h h
L= (N + ko D) = (B + L) — (I +mp D) — (U, +n2;))< ) — (B + %) — (B + )

Ni+koy

my = a(E; +1,5) = (w+ 8)(I; +m; 3)

ns = (1—a)(E; + 1, 5) — (+6)(Ir, + 125

kg = A— u(N; + ksh) — 8,(I; + mzh) — 8,(Ir, + n3h)

Ly = B((N; + ksh) = (E; + 3h) — (I; + mgh) = (Ip, + nah)) (£o) = u(E; + L3h) — (E; + L5h)

Ni+k1h
my = a(E; + l3h) — (u + 8,)(I; + mzh)
ny = (1 — a)(E; + l3h) — (u + 65) Iy, + nsh)

6.2. Numerical simulation of the model using the fourth order Runge-Kutta Method

From the data obtained at the Makassar City Health Office and Central of Statistics, the initial variable
values and parameter values that will be used in the simulation of the numerical solution of the
diabetes mellitus model without genetic factors with treatment using the fourth order Runge-Kutta
method have been obtained. The initial variable values data can be seen in Table 1.

Table 1. Initial value

Variable Values
No) 395.406
Eo 9.304
lo) 4,779

The recruitment rate in the selected population A = 2 natural mortality rate is 72.1 years, then

U= — L -1 0,13869, g = 0,0009, it means that on average there are 9 individuals
life expectancy 72,1

susceptible that becomes latent when there are 1000 susceptible individuals who come into contact

with latent individuals, the latent rate of movement of the individual becomes infected a =
number of disbetes _ 8.205 _ 0,88187, the rate of death due to diabetes without treatment &; =

latent number  9.304
18— 0,06654 and the rate of death due to diabetes with the

number of diabetes deaths _ 3
Number of diabetes without treatment 4.779
18 .
- - = = 0,09281. The following
Number of diabetes with treatment 3.426

. number of diabetes deaths 3
influence of treatment 6§, = =

parameter values in Table 2.

Table 2. Parameter value

Parameter Value
A 2
U 0,13869
61 0,06654
6, 0,09281
a 0,88187

i 0,0009
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The simulation is done by substituting the initial values and values of the parameters given in
Tables 1 and 2 into equations (17) to Eq (20) which are numerical solutions to the model of diabetes
mellitus without genetic factors with treatment using the Runge-Kutta method. The next four will be
illustrated through graph plots using the Maple.

The time interval or step distance is used h = 0,01. Then given N; = Ngy, E; = E(qy, I; = I(0),
Ip; = I ) 3 the initial value so that the solution results in numerical models of diabetes mellitus

without genetic factors with treatment using the fourth order Runge-Kutta four-order method as
follows:

k, = —55.472,81986

l; = —10.586,36895

my; = 7.224,12431

n, = 305,9625

k, = —55.436,89768

l, = —-10.526,14146

m, = 7.170,032269

n, = 299,3555293

k; = —55.436,90153

l; =—-10.526,48410

ms = 7.170,353340

ns = 299,3987509

k, = —55.400,98344

l, = —-10.466,59535

m, = 7.116,578689

n, = 292,8344758
with a substitute ,the value of k; to ky, 1; to 14, m; to m4 and n; to n4 in equation (17) to (20) is obtained
numerical solution model of diabetes mellitus without genetic factors with treatment using the method
of Runge-Kutta fourth order as follows:
Neosry = No + £ hey + 2k, + 2kes + k)

Ny = 395406 + (1) (0,01)(~55.472,81986 + 2(~55.436,89768) + 2(~55.436,90153) +
(—55.400,98344)) = 394.851, 631
E(0+1) = EO + %h(ll + 2l2 + Zl3 + 14)
1
Eqy = 9.304 + (1) (0,01)(~10.586,36895 + 2(~10.526,14146 ) + 2(~10.526,48410) +
(—10.466,59535)) = 9.198,737306
I(0+1) = IO + %h(ml + Zmz + 2m3 + m4)
Iy = 4779 + (1) (0,01)(7.224,12431 + 2(7.170,032269) + 2(7.170,353340) + 7.116,578689)
= 4.850,702457
IT(0+1) = ITO + %h(nl + an + 2n3 + n4)
1
I g, = 3426 + (1) (0,01)(305,96252 + 2(299,3555293) + 2(299,3987509) + 292,8344758)

= 3.428,993843
So, at t = 0.01 the magnitude of the number of each population class (N) is 398,852, the latent
population rate (E) is 9,199, the rate of population of diabetes without genetic factors without
treatment (I) is 4,851 and the rate diabetics without genetic factors with treatment (Irt) are 3,429. Then
the same thing is done for the next iteration with Ny, Ej, [;, I; where i =1, 2, 3, ..., etc. as the initial



3rd ICMSTEA IOP Publishing
IOP Conlf. Series: Journal of Physics: Conf. Series 1244 (2019) 012021  doi:10.1088/1742-6596/1244/1/012021

value. Iteration results up to t = 5 years for the rate of each population class will be shown in the graph
plot as in Figure 3 through Figure 6 below.

200000 4
=] 400000 -
Xz [T~
7]
LV
gﬂ 300000
Z ""-—.._‘___‘__-‘_1

200000 - ——

100000 -

o ]
o 1 2 3 4 s

t
Figure 3. The iteration graph of the total population class (N)
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Figure 4. Graph of latent population iteration (E)
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Figure 5. Graph of the population without diabetes treatment iteration (I)
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Figure 6. Graph of the population with diabetes mellitus treatment iteration (Ir)

Based on the results of the iteration shown both in the plot graph in Figures 3 to 6 it can be seen
that the magnitude of the rate of the total population class (N) has decreased due to the move to the
next population class and or the existence of a dead population, the magnitude of the total number of
population classes (N) in the 500th iteration or at t = 5 is 195,216 people. For the latent population rate
(E) which has decreased due to the number of latent population classes that move into diabetic
populations without genetic factors either with care or without treatment and or the existence of a dead
population, the latent population value (E) in the 500th iteration or when t =5 is 31 people.

According to the rate of people class with diabetes mellitus without genetic factors either without
the influence of treatment (I) or with the influence of treatment (It) had experienced an increase and
then continued to decline until the next time. Classes with diabetes mellitus without treatment
influence experience the highest increase in the 140th iteration or at t = 1.4 with a value of 8,398
people, then continue to decline until the 500th iteration or at t = 5 with a value of 4,836 people.
Similar to population class I, the It population class had an increase until the 30th iteration or at t = 0.3
with a value of 3,465 people and then continued to decline until the 500th iteration or at t = 5 with the
value 1,454 people. The decline in the rate of the class of people with diabetes mellitus without
genetic factors both with care and without treatment due to a population that dies.

Based on the above description, it can be concluded that the magnitude of the value of the entire
population class when t = 5 has decreased due to the move to the next population class and or the
existence of a dead population.

7. Conclusion

The solution of diabetes mellitus without genetic factors with numerical treatment model using the
fourth order Runge-Kutta method with interval time or h = 0.01. The results for the 1st iteration are as
follows: N1y = 398.851,631; E) = 9.198,737306 ; ;) =4.850,702457 and IT(l) =

3.428,993843.

By completing a simulation model of diabetes mellitus without genetic factors with numerically
resolved treatments using the fourth-order Runge-Kutta method in Makassar City we can predict the
rate of population in the model of diabetes mellitus without genetic factors with treatment for the next
five years based on data in 2016. Among them, the magnitude of the total number of classes of
pollution (N) at t =5 is 195,216, the amount of the latent population (E) at t =5 is 31, the magnitude
of the population without diabetes treatment (I) at t = 5 is 4,836, and the rate of population of diabetics
with treatment (I) at t = 5 diabetics with treatment (It) is 1,454.
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