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Abstract: Covid-19 pandemic has greatly affected the whole world since the beginning and it
continues to affect it. The main aim of this study is to show how Covid-19 affect other mortal
diseases; cancer, heart diseases, and diabetes in near future. With this purpose two mathematical
models are proposed via Ordinary Differential Equations (ODEs); one for the relationship between
Covid-19 and cancer and one for the relationship between Covid-19, diabetes and heart diseases.
Afterwards, stability analyses of these models are demonstrated. In order to see the effect of
parameters on the disease compartments, sensitivity analysis is applied. Results of sensitivity
analysis revealed that huge percentage of people are still scared of visiting doctors and this may
lead a massive increase in the diagnosis of other diseases for upcoming years. Moreover, figures
displayed that there exists a relationship between diabetes and heart diseases. Especially, diabetes
patients should be careful about their health situations and take care of their heart. In order to
provide these, awareness of people should be developed.
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1. Introduction

Epidemiology is the field of study that analyzes the ways among illness and health by
addressing the facts of population [1]. Studies in this area are mostly interested in infectious diseases
till the twentieth century. Recently, other than transmitted diseases by infection, diseases like cardiac
heart diseases, diabetes and stroke that can induce the deaths worldwide have become a significant
concern of health sciences [1].

New field is derived from the interaction among epidemiology and genetics in many years that
lead to result a new discipline named genetic epidemiology. This new area concentrates on genetic
parameters’ connection with environmental parameters during the presence of the disease in human
population. Genetic epidemiology provides benefits to comprehend the interaction between genetic
roots and the major chronic disorders like coronary heart diseases, cancer and diabetes [2].

Cardiovascular disorders (CVDs) belong to the category of disorders among blood veins and the
heart. There is a variety of cardiovascular disorders (CVDs) including coronary heart,
cerebrovascular peripheral arterial, rheumatic heart, congenital heart, pulmonary embolism and
deep vein thrombosis [3].

Coronary heart disease (CHD) is a disorder of the blood veins providing the heart muscle [4].
One of the major chronic diseases is CHD worldwide and there are risk factors that increased CHD
dramatically such as tobacco use, high cholesterol, unhealthy diet, alcohol use, and physical inactivity.
Additionally, one significant risk of CHD is to have family history, especially having a family member
which is a man under age 55 or a woman under age 65 with CHD. Approximately 17,9 million people
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passed away due to CVDs in 2019. CVD is a leading cause of deaths globally with 32%. Also, stroke
and heart attacks are death causes with 85% [5].

Cancer is another disorder that includes a wide group of diseases. It is descriptive of
unpreventable abnormal cells or damaged cells growth through almost anywhere in human parts or
organs. Cancer doesn’t differentiate between age, gender, family background and other categories.
However, statistics of cancer let us recognize the similarities and differences between categories
identified with sex, age, ethnic groups, etc. The mathematical model proposed in [6] provides a
picture of cancer rates in time by collecting information statistically. Cancer is classified by founding
in a first place of a human body like lung cancer, colon cancer, skin cancer, breast cancer, and prostate
cancer. It can also be classified by cells types like soft tissues ones such as muscle, nerves, blood
vessels or deep skin [7,8].

According to the basic cancer facts, there are plenty of factors to raise the risk of having cancer.
High tobacco use, high alcohol use, and being overweight are some of these factors. They can be
called alterable within the realm of possibility. On the other hand, there are other risks factors that
cannot be modifiable like inherited genetic mutation [8]. Globally, due to cancer, roughly 10 million
people passed away in 2020 [9]. In other words, one in six deaths is because of a cancer in 2020. The
most common cancers are breast cancer with 2.26 million cases, lung cancer with 2.21 million cases
and colon and rectum cancer with 1.93 million cases. Prostate cancer and skin (non-melanoma) cancer
are next in the line [10]. In 2022, the estimation of new cases and deaths is 1.9 million and 609.360,
respectively only in the US. Moreover, cancer is the second major death cause in the US [11].

Diabetes mellitus, called simply diabetes, is a disease caused by insufficient insulin production
by the pancreas. It leads uncontrolled amount of glucose or sugar in the human body [12]. The most
well-known categories are type-1 diabetes (5%), and type-2 diabetes (95%) in obesity community.
There are other categories of diabetes like Diabetes LADA, Diabetes MODY and gestational diabetes
which are rare and occur in the mutation of single gene [13]. Statistically, around 442 million people
have diabetes worldwide while 1.5 million people deaths are ground on diabetes every year [14].

Mathematical models allow us to foresee the future outcomes of an epidemic or health issues.
Beside this, they might be used as interpretive tools for the clarification of basic principles of
transmission or extension [15,16]. Kermack and McKendrick increased the level of mathematical
epidemiology by proposing a new model depends upon the spread of contagious diseases in 1927 [1].
The first mathematical modelling of contagious diseases was structured by Daniel Bernoulli to
determine the impact of smallpox inoculation in the population. Due to the description of
complicated mutual interaction among human (or animal) hosts” environment and biology, modern
contagious disease epidemiology depends mostly on mathematical models [17].

Recently, the most well-known contagious disease is Coronavirus disease (COVID-19) caused
by SARS-CoV-2 virus. COVID-19 is transmitted by liquid particles from the mouth or nose of an
infected person. It is categorized as a pandemic disease since it affected many countries within
international boundaries [18,19]. At the beginning, there was a big concern about the contagiousness
and fatality since the structure of the disease were unknown. However, with the vaccination and
some restrictions, the fatality of the disease is taken under control. Hence, almost every restriction is
started to be lifted.

In the last years, many articles are published in the field of mathematical modelling that analyses
Covid-19. The article [20] is about Covid 19’s epidemic development by using a mathematical model
in China. It proposes an SEIR (a varied Susceptible, Exposed, Infectious, Recovered) model [21]. [22,23]
studied the effect of vaccination on Covid-19 while [24] focuses on both vaccination and mobility. [25]
discussed the change in health behavior during the Covid-19 lockdown in United Kingdom by
applying descriptive statistics. Methods of another field, machine learning, are applied in the paper
[26] with the purpose of examining transfusion of best convalescent plasma for the critical Covid-19
patients. The paper [27] deliberated over the artificial intelligence techniques about the detection and
classification of medical images of Covid-19.

Mathematical modelling has a remarkable role not only in infectious(epidemic/pandemic)
diseases but also in chronic diseases as well. In health sciences, mathematical models can be applied
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in order to identify dynamics and aspects of diseases like cancer, coronary heart disease (CHD) and
diabetes. In [28], proposed mathematical models provide approaches for a better understanding of
the parameters of chronic disorders.

In this paper, the main aim is to present the effect of Covid-19 on other significant diseases;
cancer, heard diseases and diabetes. This study is constructed to warn people and increase their
awareness so that the necessity of doctor and hospital visits for the upcoming years can be reduced.
On that note, two mathematical models are proposed; one for the relationship between cancer and
Covid-19, and one for the relationship between heart diseases, diabetes and Covid-19. It is aimed to
indicate how doctor controls are important for the future of human beings and how Covid-19 will
affect these doctor visits in a bad way. In section 2 and section 3, models are given with necessary
existence theorems and proofs. Section 4 includes the sensitivity analysis results as a numerical
simulation. The results are explained in Section 5 and conclusions are given in the last part.

2. Materials and Methods

In this study, compartmental mathematical models are constructed. For the analysis of models,
invariance, basic reproduction number and equilibrium points properties are obtained and proved.
Furthermore, for the effectiveness of parameters, sensitivity analysis is applied. All data used in this
paper are gathered from the references [29-33].

3. Construction and Analysis of the First Model

In this section, the first model of the paper is proposed and the entity of the solution is
demonstrated. The model is constructed with the help of Ordinary Differential Equations (ODEs)
with the aim of obtaining the change in compartments at time t. Then, analysis of the model is given.

3.1. Mathematical Model Formulation

The whole population, N, is divided into 2 compartments. That is, N(t) = S(t) + C(t), at time
t. Model is constructed as follows:

ds
—r =T filS = (0 +b)S —uS +yC +cC, 1)

dac
E=f1C5+(0+b)5—uC—nC—yC—cC.

In Tables 1 and 2, descriptions of variables and parameters are explained, respectively. In the
study, parameter ¢ (the negative effect of Covid-19), defines the rate of cancer individuals who
waves doctor checks aside because of lockdowns or Covid-19 scares. As a result, individuals cannot
be diagnosed earlier with cancer.

Table 1. Descriptions of Variables.

Variables Descriptions
S Susceptible Individuals
9 Cancer Patients

Table 2. Descriptions of Parameters.

Parameters Descriptions
T Recruitment rate
fi Transmission rate of hereditary
0 Rate of obese individuals being cancer
b Rate of smokers being cancer

Recovery rate
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4
c Negative effect of Covid-19
n Disease-caused death rate
u Natural death rate

Theorem 1. Let (S, C) be the solution of the constructed system with the initial conditions S = 0 and C =
0. Then, the following set

A={(S,C)eR?:S+C<m}

is invariant and positive. Moreover, all of the solutions in R% stay in A with respect to the constructed system.

Proof of Theorem 1. By adding all of the terms that are on the right side of the proposed system,

N _ (S+C)—nC
praaa n

is obtained. From the equality, it can be seen that Z—IZ < m always holds. Applying integration with
respect to t to the both sides yields

N(t)et <met +k,

for some arbitrary constant k. Applying Rota and Birkhoff to the above differential inequality, it is
obtained thatas t tends toinfinity, o, 0 < N < m holds. As a result, the solutions of the system enter
the region A. Hence, the model is feasible in terms of biology which is enough to consider the
dynamics on the model in A. o

3.2. Equilibrium Points

For the constructed model, two equilibrium points, disease-free and endemic equilibrium point,
are evaluated. At the disease-free equilibrium point, denoted by Ej ;, the disease is expected to die
out. In other words, for the presented model, E;, is the point where cancer disease does not exist in
the population. The endemic equilibrium point, E, ;, is defined as the point where the disease is
maintained with no need of external inputs [34].

E,, of this model is unique and it obtained as

I
For = (500 o) = (55570)

It is obvious that Ej; attracts the region so that

Eo1 = {(So,1,Co1) € R3:C = 0}.
Endemic equilibrium point, denoted by E, ;, consists of S,; and C, ;. Thatis,

E.1=(S.1,Ca),
where S; is the solution of
A(S.1)" +BS., +F =0,

for

A= fillo+b)A +y +c) - k],

B=@+n+y+olloc+b)A—-y—c)+u]l-fim,

F=—Wu+n+y+om
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5
and
C.. = (o +b)S., .
Toktntyte—fiSa
On the other hand, the quadratic equation that depends on S, ; exists only if
o+b Syt
holds.

Theorem 2. Disease Free Equilibrium, E ,, is globally asymptotically stable whenever y + ¢ > fj.

Proof of Theorem 2. Consider the Lyapunov function

S
V(S, C) =S5—- So‘l _50’1 lTl (S_> + C.

01
The above function is always positive and at the point E 4, it is equal to 0. So, for the stability, it is
enough to show that V is negative definite.
V=S5-5 S+C
= 01g S
=7r—(f1C+o+b+u)S+(y+c)C—%[n—(f1C+o+b+,u)S+(y+c)C]
+(fiC+o+b)S—(u+n+y+c).

Since m = Sy,(0 + b + ),

n—(f1C+o+b+,u)S+(y+c)6—%[ﬂ—(f16'+0+b+,u)5+(y+c)C]+(f1C+o+b)S

S c
—(,u+r]+y+c)C=ﬂ<2—%>+(f1—y—c)§5'0,1.

So,1

=< 0. Hence, for the condition V <0, f; —y — ¢ < 0 should hold. Therefore,
E,, is globally asymptotically stableif y + ¢ > f;. 0

It is clear that 2 —

Theorem 3. Endemic Equilibrium, E, 4, is globally asymptotically stable.

Proof of Theorem 3. For the proof of above theorem, the following Lyapunov function is constructed.

S c
W(S, C) = S*,lg 5,_1 + C*,lg C R y

where g(x) = x — 1 — Inx. The function W is positive and W(S*yl, C*_l) = 0. So, it is enough to show

that W < 0.
W=S5-5 S+C C ¢
- wlg »le s
=n—ﬁcS—0y+m5—us+yc+c6—€§m—¢¢3—(o+m5—us+yc+cq

C*,l
C

+fiCS+(O+b)S—Ww+n+y+c)C ——=[fiCS+(0+Db)S—(u+n+y+c)]

S,
=T[(2— 5'1)—;15—(#+17)C<0,
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S’;l < 0. Thus, E,, is globally asymptotically stable. o

since 2 —

4. Construction and Analysis of the Second Model

In this section, the model is proposed with the proof of existence of the solution. Afterwards,
analyses of equilibrium points are given.

4.1. Mathematical Model Formulation

The population which is stated by N, is separated into 3 compartments N(t) = S(t) + H(t) +
D(t), at time t. Model is built as follows:

ds
T A—=(b+0)S—(fiH — f,D)S + (c; + v )H + (¢, + y,)D — uS,
dH
Ez(b+k10)S+f1HS—(c1+y1+u+771+a)H+eD, (2)
dD
Ez(l—kl)oS+f2DS—(c2 +y,+u+n,+e)D+aH.

The explanation of variables and parameters are given in Tables 3 and 4. In the study, parameters
¢; and ¢, (negative effect of Covid-19), defines the rate of heart and diabetes patients, respectively,
who waves doctor visits aside because of lockdowns or Covid-19 scary. As a result, individuals
cannot be diagnosed earlier with the diseases.

Table 3. Descriptions of Variables.

Variables Descriptions
S Susceptible Individuals
H Heart disease patients
D Diabetes patients

Table 4. Descriptions of Parameters.

Parameters Descriptions
A Recruitment rate
b Rate of smokers being a heart patient
ko Rate of obese individuals being a heart
! patient
(1—-kqy)o Rate of obese individuals being diabetes
fii=1,2 Transmission rate of hereditary
c,i=12 Negative effect of Covid-19
vuli=1,2 Survival rate of diseases
u Natural death rate
M Heart-disease caused death rates
M, Diabetes caused death rates

Transmission rate from H to D
e Transmission rate from D to H
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Theorem 4. Assume that (S, H, D) is the solution of the constructed system above with the initial conditions
§=0,H =0, and D = 0. Then, the following set

n={(S,HD)€ER}:S+H+D <A}
is positive, invariant, and the solutions in R} stay in m with respect to the constructed system.

Proof of Theorem 4. Addition of all of the terms that are on the right side of the system gives

dN
E=A—M(S+H+D)—n1H—n2D.

From the above equality, it is obvious that X< Integrating both sides with respect to t yields
at

N(t)et < Aet +m,

for some constant m. Applying Rota and Birkhoff to the above differential inequality, it is obtained
that as t tends to infinity, 0 < N < A holds. As a result, the solutions of the system enter the region
m. Therefore, it is certain that the model is feasible by means of biology and it is enough to consider
the dynamics on the model in 7. O

4.2. Equilibrium Points

In the proposed model, there are two equilibrium points; disease-free equilibrium point,
denoted by (E,;), and endemic equilibrium point, denoted by (E.,). Eo, of this model is obtained
as

A
Eyp = (So,z'Ho,z'Do,z) = (m, 0, 0)-

Here E,, attracts the region so that
EO,Z = {(50‘2, Ho'z, DO,Z) € R; H=D= 0}
Endemic equilibrium point, denoted by E, ,, consists of S, and C,,. That is,
E*,Z = (S*,Zi C*,Zﬁ D*,Z):
where S, , is the solution of
4 3 2
A(S.;) +B(S.2) +E(S.2) +FS.,+G=0,
for

A=b+ko)f2+fiff(1—kio—b+o+p),

B = fifalAfa + (c; + v2)(ky — Do + (0 + u — ky0)(c; + v, +u+1n, +e)]
+ folf2(b + ky0)(—a — ¢, —v1)
e+t tutmtafo+(+y,+u+n+e)fil(b+u+ko)—o}u+n+y
+)[(e+b)A -y —c)+ul - fim,

E=AfL[-filci+vi+u+m+a)fa +(c; +y, +u+n, +e)fi]
+fetvi—kio—b—wWllc,+yi+tu+n+ta)c;+y, tu+n, +e)—eal
+ f2(b + ki0)[(ci + v1)(cz +v2 tntmy +e) +alc, +72)]
+[(cz+y2+u+n, +e)b+ki0)+eo(l—k)[(c; +y, +u+n,+e)fi —af]
+o(1 -k +v Il +yvi+u+m+a)fs+(c;+y, +u+n +e)fil
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F=[la+ntut+tm+taf+(@tytut+tmtefillla+rntutn+a)c+y, +u+n,+e)
—eallb+o+pu—ci—y)
+ Mty tput+nte)(+yitu+tmta)fa+(c+yv, +u+n; +e)fil
+follci+yvi+tu+n+a)(c; +y, +u+mn, +e)—eal}
— (2 +y) o1 —k)[(ci +yitu+n +a)(c; +y, +u+m, +e) —eal
+al(c; +v, +u+n,+e)b+ ko) +eo(l—kyl},

G=-Ac;+y,tutn+te)llci+yi+u+n+a)c;+y, +u+n; +e)—eal

and so
Spy=Ac+va+ut+m+e)((c+yi+u+m+a)c,+ya+u+n,+e)—ea),

i - [(b+ki0)(ca+va+u+n,+e—fiS.5) + (1 —kyeolS.,
*2 )
(C1 tytu+tnta _f15*,2)(52 tytut+n, te _fzs*,z) —ea
D*,Z
_ (1 - kl)OS*,Z
Cry.tu+n+e—fS.,
N [(b + klo)(c2 +y,tut+n,+e— fzS*,z) +(1- kl)eo]aS,ﬂ2
(z+va+ut+mre—fS)l(a+rn+u+m+a—fiS,)(ca+va+u+n,+e—fS.,)—ed

Theorem 5. Disease Free Equilibrium, E,,, is globally asymptotically stable whenever f; < c; +y, and
fa<cztve.

Proof of Theorem 5. Consider the Lyapunov function

S S
T(S,H,D) =S<S——1 —ln(S—)) +H+D.

0,2 0,2

Here, the constructed function T is always positive and equals to zero at Ej,. So, it will be enough
to show that 7 < 0 holds.

T=5§ S _ 5 S +H+D
Tz So2  Soz2 S
S, cHS c,DS HS
= A= 4222 1 bSy, + 08y, + fiHSy, + foDSy, — o - 22202 N1720z
DS S ’ ’ ’ ’ S S S

—yz50’2+#So,2—u(5+H+D)—n1H—nzD
_ So,2 G " c; V2
—A(Z—T)-l'(fl—g—?)HSOIZ-l'(fZ—g—?)DSO_Z—H(S-FH-FD)—T]lH
_772D,

since A = So(0 + b + ). Itis obvious that 2 — 5?0 < 0. Hence, E,, is globally asymptotically stable if
fl < C1+]/1 and fz < Cy +y2 O

D*,Z _ H*,Z
D H

Theorem 6. Endemic Equilibrium Point, E, ,, is globally asymptotically stable if <0.

Proof of Theorem 6. Consider the Lyapunov function

X(S,H,D) =S S (2w, (e (4o, (2 m 12
Y TR S*,Z " S*,Z -2 H*,Z " H*_Z 2 D*‘Z " D*,Z '

The constructed function X is positive for each value and equals to 0 at E, . It is enough to show
that X < 0 is true.
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9
g=g gy Hap p Dy
) S H AS b HS DS
=A—puS——2+ b+ 0)S,, + fiHS. 2 + f2DS., — (¢; + Y1)T*2 —(cz + Vz)T*'z
bS k.08
+uS., — (w+n)H - ﬁH*,z - TH*,Z —fiH. ;S + (c; +y)H., + (u+n)H,,
eD oS ki0S
+aH, , — ?H*,z —(W+n)D— ED*’Z + TD*,z — 25D, + (c; +¥2)D.,

aH
+ (H + nZ)D*,Z - FD*’Z + eD*'z

—A(1 S*'2)+bs 2 S H., +0S,,(2 S D-z
- S 2\ 75, H )T\ TS, D

S H, S D., H S
’ , , ’ ’ H*,Z S*,Z
D »

H

*,2 *,2
-—]<0

D H)

D S
+£S.,D,,(1- +(eD+aH)<
’ ’ D*‘z S*'z

5. Sensitivity Analysis and Numerical Simulations

Sensitivity analysis is a method that can be applied to the parameters of any mathematical model
with the purpose of identifying the effect of parameters on compartments. The main idea of this
analysis is to show how a small change in parameters can affect the disease to exist or die out [29]. In
this section, sensitivity analysis of the parameters is given for both models, separately. Data for the
parameters are taken from the references [30-34].

5.1. Sensitivity Analysis of the First Model

In this part, sensitivity analysis is implemented to the parameters of the first model.

Figures 1 and 2 shows the expected pattern of Cancer Patients when the values of b and ¢ are
increased, respectively. In both cases, increase in the parameters will cause an increase in the C
compartment.

2000 T T T T T T T T T

1800 [F A e mm mm m e wm mm mn m me me me d  me w e me e e e e s e e e e e e e

= = = C compartment with the current b value
C compartment with the increased b value ||

1600

1400

800

C compartment
S o
o o
o o

600 |- .

400 - b

200 |~ .

O 1 1 1 1 1 1 1 1 1
0 10 20 30 40 50 60 70 80 90 100
Time

Figure 1. Sensitivity analysis of the parameter b in the compartment C.
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2000 T T T T T T T T T

1800 F W e e e o e e e o e e e e e e o e = B

= = = C compartment with the current o value

1600 C compartment with the increased o value

1400

- =y
o N
o o
o o

800

C compartment

600 |- b

400 |- b

200 |~ b

0 I I 1 I I I 1 I I
0 10 20 30 40 50 60 70 80 90 100

Time
Figure 2. Sensitivity analysis of the parameter o in the compartment C.

Figures 3 and 4 presents the effect of the parameter ¢ when it is increased and decreased,
respectively.

1800 L i B s e ol e Ml Ml

’ = = = C compartment with the current ¢ value
C compartment with the increased c value |

1600 ¢

1400 |- 8
1200 |- 8
1000 H s

1
800 .

600 |- .

C compartment

400 |- h

200 |- .

0 1 1 1 1 1 1 1 1 1
0 10 20 30 40 50 60 70 80 90 100
Time

Figure 3. Sensitivity analysis of the parameter ¢ in the compartment C, when it is increased.


https://doi.org/10.20944/preprints202309.1743.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 26 September 2023 doi:10.20944/preprints202309.1743.v1

11

1800 P el Ee e B B T i e Ll

¢ = = = C compartment with the current ¢ value
1600~ C compartment with the decreased ¢ value

1400 1 4

]
1200 -, T

-

o

o

o

L
|

800 T

C compartment

600 - T

400 - T

200 - T

0 I I I 1 1 1 1 I I
0 10 20 30 40 50 60 70 80 90 100

Time
Figure 4. Sensitivity analysis of the parameter ¢ in the compartment C, when it is decreased.

5.2. Sensitivity Analysis of the Second Model

In this part, sensitivity analysis is implemented to the parameters of the second model.

In Figures 5 and 6, effects of the parameters b and o on the compartment H is given,
respectively. Increase in both parameters will lead an increase in the compartment H as can be seen
from the figures.

1400

= = = H compartment with the current b value
H compartment with the increased b value | -

1200

1000

800

600

H compartment

400 - n

200 |- b

0 | 1 1 1 1 | | 1 1
0 10 20 30 40 50 60 70 80 90 100
Time

Figure 5. Sensitivity analysis of the parameter b in the compartment H.
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Figure 7 represents what is expected to happen in the compartment H when the percentage of
hereditary, f;, increases. Figures 8 and 9 shows the compartment capacity in the case of increase or
decrease of the parameter c;.
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Figure 7. Sensitivity analysis of the parameter f; in the compartment H.
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Figure 8. Sensitivity analysis of the parameter c¢; in the compartment H, when it is increased.
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Figure 9. Sensitivity analysis of the parameter ¢; in the compartment H, when it is decreased.

Figure 10 demonstrates the pattern of heart-diseased individuals in the case of increase in
diabetes.
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Figure 10. Sensitivity analysis of the parameter e in the compartment H.

The effect of obesity parameter, o, onthe compartment D is presented in Figure 11 while Figure
12 shows the effect of hereditary parameter, f,, on the same compartment.
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Figure 11. Sensitivity analysis of the parameter o in the compartment D.
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Figure 12. Sensitivity analysis of the parameter f, in the compartment D.

Figures 13 and 14 are revealed in order to show the significance of Covid-19 parameter, c,, on
the compartment D.
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Figure 13. Sensitivity analysis of the parameter c, in the compartment D, when it is increased.

6. Results and Discussion

The main purpose of this study is to show how Covid-19 will affect the future of the chronic
diseases, cancer, heart diseases and diabetes. In this regard, two mathematical models are proposed
and proved with required theorems. The first model consists of cancer-diagnosed and susceptible
individuals while in the second model heart disease patients, diabetic patients and susceptible
individuals are included. The reason of two separate models is the unrelated connection of cancer
with heart diseases and diabetes.
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In the analysis of the first model, disease-free equilibrium, E,,, and endemic equilibrium, E,;,
points are found with their existence proofs. Moreover, globally asymptotically stability property of
both points is proved under some conditions. This results in a comment that there can be a population
without cancer disease at the point E,; and endemic situation at the point E, ;.

In the same manner, analysis of the second model showed that there exist two equilibrium points
for this model; disease-free equilibrium point, E,, and endemic equilibrium, E, ,, point. Both points
are globally asymptotically stable with necessary conditions which means that both environment is
possible for the diseases.

In Section 5, sensitivity analysis is applied to the parameters of both models. This analysis aims
to specify the effects of parameters on the compartments C, H and D. Figure 1 and Figure 2 is the
result of increase in smoking and obesity, respectively. Increase in both parameters will lead an
increase in the cancer compartment. However, even with a slight difference, the effect of smoking is
bigger than the effect of obesity in the compartment C. In this model the figure that shows the effect
of hereditary transmission, f;, is not given since the model didn’t give a meaningful result in this
case. The reason of this situation may be arisen from the population studied in this paper. Since the
compartment C includes all cancer patients (not a specific cancer type), the effect couldn’t be seen.

Figure 3 is drawn to show the expectation when the effect of the parameter c is increased. As
expected, the more people being scared of seeing doctors will lead a huge decrease in the diagnosis
of cancer. Figure 4 presents the situation of cancer compartment with decreased c value. In this case,
an increase is assumed again. However, this increase is much smaller than the increase in Figure 3.
Both of the Figures 3 and 4 is a warning for the world about the Covid-19 pandemic. This problem
can be solved by increasing the awareness of people and encouraging them for not postponing their
doctor visits.

Figures 5 and 6 displays the effect of smoking and obesity on heart disease patients. According
to the figures, increase in both parameters will make a rise in the H compartment. Hereditary plays
an important role in heart diseases which is proposed in Figure 7. Nevertheless, the most significant
parameter for heart diseases is Covid-19, c;.Itis obvious that c; is a very efficient parameter for the
future patterns of heart diseases. Both increase and decrease in this parameter make a fall in the
compartment H, which emphasizes the importance of awareness about doctor visits and Covid-19.

Figures 11 and 12 demonstrates the pattern of diabetes patients when obesity and hereditary are
increased, respectively. Although the increase in the parameters causes a rise in the pattern of D
compartment, the effect of hereditary, f,, is more. The effect of Covid-19 is meaningful in D
compartment as well. In Figure 13, increase in parameter c, causes a fall in the compartment D
because of undiagnosed patients. However, for the compartment D, even with a slight fall in the
parameter c,, diagnosis with diabetes will be more (Figure 14). Figures 10 and 15 are a warning that
accentuates the relationship between diabetes and heart diseases.
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Figure 14. Sensitivity analysis of the parameter c, in the compartment D, when it is decreased.
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Figure 15. Sensitivity analysis of the parameter a in the compartment D, when it is decreased.

7. Conclusions

As a result of figures of models, it is concluded that obesity is an effective parameter for the
studied diseases so that increase in any of them will affect the patients negatively. Smoking affects
cancer and heart disease patients badly in the case of utilization. Hereditary is a significant parameter
for the patients of diabetes and heart diseases. Hence, people with family history of these diseases
should make their doctor visits properly. Besides, there is a relationship that cannot be ignored
between diabetes and heart disease patients. As maintained in Figures 10 and 15, people being
diagnosed with diabetes should be more careful and conscious about heart diseases.
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On the other hand, both of the models indicated that the most dangerous parameter for the
diseases is ¢, which is the result of Covid-19 pandemic. In conclusion, the results showed that being
aware of Covid-19 and its results may lead a decrease in deaths due to cancer, heart diseases and
diabetes. In that way and with the doctor visits, people can enable be diagnosed earlier and get
treatment.
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