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Abstract

Our main objective in this editorial-cum-mini review article is to briefly outline several recent investigations in which
mathematical analytic studies were successfully made of the model of diabetes and its resulting complications by means of
the widely- and extensively-applied concept of fractional-order calculus, not only in the medical and biological sciences, but
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also in the physical, chemical, statistical and engineering sciences.

J

Abbreviations: DM: Diabetes Mellitus; GDP: Global
gross Domestic Product; GTT: Glucose Tolerance Test;
IDF: International Diabetes Federation; HDM: Homotopy
Decomposition Method;

Introduction

This Editorial-cum-Mini Review is motivated essentially
by an Opinion expressed recently in this journal by Fitria
Najmiatul [1], which advises that “Pregnant women with
increasing blood glucose levels are identified as being more
exposed to the severe effects of COVID-19 and advised to follow
social distancing stringently.”

Diabetes is a worldwide problem which effects 1 out of
every 11 persons now- a-days. The IDF Diabetes Atlas (Eighth
Edn, 2017) states that approximately 415 million people in
the world are living with the disease and that this number
will rise to 629 million by the year 2045. It is a very serious
problem of the world. A major part of the world population
is affected by this disease and its resulting complications.
Diabetes mellitus (DM), which is also known as a Silent Killer
in medical science, is a metabolic disorder which occurs
when the sugar level in blood is not appropriate. The glucose
in human blood is the main source of energy and comes from
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the food insulin, a hormone made by the pancreas, which
helps glucose from food to get into our cells and to use it for
energy. Insulin also controls and adjusts the quantity of sugar
in human body [2]. When a human body is unable to make
the desired amount of insulin or is not able to use it well,
then the glucose doesn’t reach the cells and stays in the blood.
Frequent urination (polyurea), feeling more thirsty and
hungry (polydipsia and polyphagia) are the symptoms which
the patients having high blood sugar typically experience.
Diabetes is known as a Raj Rog (meaning “kingship disease”
or “royalty dis- ease”) in ancient India, that is, a disease
which affects those people having lots of wealth and lives
a comfortable prosperous life by using servants for doing
their works and chores. But, in recent years, it has become
a problem which affects the whole society. In ancient times,
this problem was seen in the age group above 70 years,
but (in today’s era) it is a problem of all age groups. And,
in very short time period, it has become a problem of the
whole world. The issue is very serious and researchers must
contribute their best to control this problem.

Generally, Diabetes is considered to be of the following
two types.
o Type I Diabetes: Type I diabetes requires a daily dose
of insulin taken by the patient to regulate the amount of
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glucose in blood. Non-access of insulin leads to certain
complications or danger to the patient’s life. The cause of
the Type I diabetes is not known as yet and is currently
not preventable. Symptoms include excessive and
frequent urination and thirst, constant hunger, weight
loss, vision change and fatigue.

e Type II Diabetes: In this type of diabetes, we consider
those patients who do not depend on insulin. For Type
I diabetes, the doctor recommends the patient to follow
a particular diet chart and exercise. By means of this
restriction, one can control one’s Type Il diabetes. Yoga
also plays a very efficient role in order to control the
Type Il diabetes. Symptoms of the Type Il diabetes may
be similar to those of the Type I diabetes, but are often
less marked or absent. Diabetes is steadily increasing
everywhere not only in adults, but also in children,
most markedly in the world’s middle-income countries
[3]- There is a prediction on the basis of the increasing
number of diabetes patients that, in the world, the
diabetes cases can jump to 55 percent in 2035.

Diabetes mellitus (DM), which is also known as a Silent
Killer in medical science, is a metabolic disorder which
occurs when the sugar level in blood is not appropriate.
The glucose in human blood is the main source of energy
and comes from the food insulin, a hormone made by the
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pancreas, which helps glucose from food to get into our cells
and to use it for energy. Insulin also controls and adjusts the
quantity of sugar in human body [4]. When a human body is
unable to make the desired amount of insulin or is not able
to use it well, then the glucose doesn’t reach the cells and
stays in the blood. Frequent urination (polyurea), feeling
more thirsty and hungry (polydipsia and polyphagia) are
the symptoms which the patients having high blood sugar
typically experience.

Diabetes is known as a Raj Rog in ancient India, that is,
a disease which affects those people having lots of wealth
and lives a comfortable prosperous life by using servants
for doing their works and chores. But, in recent years, it has
become a problem which affects the whole society. In ancient
times, this problem was seen in the age group above 70
years, but (in today’s era) it is a problem of all age groups.
And, in very short time period, it has become a problem of
the whole world. The issue is very serious and researchers
must contribute their best to control this problem.

The International Diabetes Federation (IDF) had recently
given the information to the effect that the top 5 countries in
the world have highest numbers of diabetes patients (Table
1).

Name of the country Total population People affected by diabetes
People’s Republic of China 1,41,13,16,334 109.6 million
India 1,33,91,80,127 69.2 million
US.A. 32,44,59,463 30.3 million
Brazil 20,92,88,278 14.2 million
Russian Federation 14,39,81,725 12.5 million

Table 1: Top 5 Countries by the Number of Diabetes Patients.

There are some other countries also that have the
highest proportion of people living with diabetes such as
Tokelau (29.7%), Mauritius (24.3%), Nauru (23.8%), Cook
Islands (21.1%), and Marshall Islands (21.1%) [6].

Complications: All types of Diabetes can lead to various
diseases and health problems such as (for example) heart
attack, kidney failure, lower limb amputation, blindness
and nerve damage. In fact, diabetes increases the overall
risk of dying prematurely. For a pregnant woman,
uncontrolled diabetes increases the risk of fetal death and
other complications. Economic Impact: According to a new
research conducted at the University of Gottingen and at
the Harvard T. H. Chan School of Public Health, which was
published online on April 26, 2017 in The Lancet Diabetes &
Endocrinology, the world faces a notable economic burden
from diabetes, that is, about 1.8% of global gross domestic
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product (GDP). The study also found that, not only the direct
costs of the disease such as (for example) expenditures for
insulin, testing strips and treatment, but also the indirect
costs representing production shortfalls due to illness
and premature death accounts for nearly 35% of the total
economic burden [7-16].

Prevention of Diabetes: Type Il diabetes can be prevented
by losing weight and following a regular healthy diet and
exercise chart, but Type I diabetes cannot be prevented with
our current knowledge till today. Resistance training (twice
a week) and regular aerobic exercise maintain blood sugar
level and are very effective in controlling diabetes. WHO and
FAO provide guidance for diet to prevent Type Il Diabetes
[11]. WHO also recommends different physical activities for
different age groups [17], because physical activity and diet
are significantly more effective than medication? Diabetes
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is diagnosed by the Glucose Tolerance Test (GTT) in which
glucose level is measured by blood sample, while the patient
is in a fasting state. Diagnosis of diabetes of a patient in non-
fasting state can be done by the measurement of glycated
hemoglobin (HbAlc) which reflects the average blood
glucose concentration. However, this test is more expensive
than blood glucose measurement.

Here, in this Editorial-cum-Mini Review, we choose
to briefly review and outline a recent investigation by
Srivastava, et al. [18] in which a mathematical study was
made of model of diabetes and its resulting complications
by means of the widely- and extensively-used concept of
fractional calculus. The parameters of the mathematical
model define the population of diabetic patients and those
who are diabetic with complications at a given time t. We
have also discussed the existence, uniqueness and stability of
the fractional-order model which we consider here. We make
use of the homotopy decomposition method (HDM) in order
to solve the problem.

An Introductory Overview of Fractional Calculus

In the study and analysis of various real-world problems,
the subject of fractional calculus has played a significant role
in their mathematical modeling. It is capable of modeling
and analyzing linear as well as complex phenomena of
engineering, biological and applied sciences. In modern
times, fractional calculus plays very essential role in such
fields as (for example) biology, geophysics, biomedical
engineering, fluid dynamics, electricity, and mechanics. It
has thus become a very efficient tool to describe significant
models of the natural phenomena. Many types of problems
can be defined by the help of fractional-order integration
and fractional-order differentiation. These include, but are
not limited to, stochastic processes, blood glucose insulin
model, Brownian motion, fractional oxygen diffusion
problem, control theory, viscoelasticity, fractals and nonlocal
phenomena, time-fractional telegraph equation, space-
time fractional Fokker-Plank equation, fractional LC-circuit
models, fractional Klein-Gordon equations, heat conduction,
image and signal processing, control theory, controllability of
fractional delay dynamical systems [19-30], in each of which
one can find a great deal of literature on fractional calculus
and its wide-spread applications.

Fractional-Order Modeling of Diabetes: A Brief
Account

Basing their investigation essentially upon the
description of the mathematical model of diabetes and its
resulting complications, which was considered in the year
2004 by Boutayeb, et al. [31], Srivastava, etal. [18] considered
a model, in which C(t) and B(t) represent patients with and
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without complications, respectively, at time t, and assumed
that the total number of diabetic patients at a time t is E(t),
so that

E(t)=B@)+C() (2.1)

In terms of the celebrated Riemann-Liouville fractional
derivative operators Dt“ and Dtﬁ of fractional orders a and
B, respectively, their fractional-order mathematical model is
governed by the following system of fractional differential
equations [18].

DY[B(1)] = A(t)— (6 + &) B(t)+ AC(t) (2.2)
t>0,0<a=1)

D’[C(1)]= A(t) — (A + u+v +&)C(t)+ oB(1) (2.3)
t>0,0<p =1

Together with

C(0)=C, and E0)=E, (2.4)

Equivalently, we have
DY[C(t)]=—(0+@)C(t)+0E(t) (2.5)
t>0,0<a=1)

And
D/TE(1)]= A(t) = (u+Vv)C(1) - £E(t) (2.6)

t>0,0<pB<1)

Respectively, together with

C(0)=C, and E0)=E,

Just as in Eq. (2.4).

By considering the solution of the above-described
problem for different values of the parameters involved
therein, the importance of fractional-order model, and by
means of the illustrative graphical representations of the
obtained results, it was observed that the population E(t)
of those patients who have diabetes at time t fora = =1
decreases speedily in comparison to the case for fractional
values of the orders o and . Nevertheless, it is clear from
researches and the WHO report that, in the present scenario,
it is not the case. Hence, from the results derived and
conclusions made in the paper [18], it is made clear that the
fractional-order model is better to describe the problem of
diabetes and its resulting complications.
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