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A NOTE ON THE OBESITY AS AN EPIDEMIC

Chunyoung Oh

Abstract. We present a theoretical study that assesses the persis-
tence of obesity. The basic reproductive number for the model is
computed, and its sensitivity on some parameter values is explored.
This may be of interest to public health authorities.

1. Introduction

Overweight and obesity pertains to a great amount of accumulated
body fat, which it might have a negative effect on one’s health. If a
person’s bodyweight is at least 20% higher than normal, he/she is con-
sidered obese.

In Korea, those with a BMI of (Body Mass Index) over 25 are con-
sidered obese and those over 30 are seriously obese [12]. According to
the definition set by the World Health Organization, a person is consid-
ered overweight if her/his body mass index (BMI) over 25, and obese if
his/her BMI is greater than or equal to 30 [16].

While the prevalence of obesity (BMI≥30) among Koreans remains
low, the prevalence of metabolic disorder, hypertension, hyperlipidemia;
and diabetes mellitus - have been increasing. Along with economic de-
velopment in the country, there has been a rise in cardiovascular disease
[12]. According to a survey carried out on a group aged between 19-69
in Korea, people get older, BMI increases up until the age of 69 [10].

Obesity has been hypothetically regarded as a social epidemic in the
sense that it can spread from one person to another [7],[8]. There is
consistent evidence that obesity is a health concern that spreads by
social contact [3].
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Mathematical modeling of the progression of most infectious diseases
is useful for discovering the likely outcome of an epidemic or to help in
their management. Indeed, mathematical studies indicate that obesity is
transmitted socially [3],[7],[9],[14]. Santonja et al. predict the behavior
of excess weight in the coming years and present some possible strategies
to prevent the spread of the obesity epidemic. A mathematical model
sensitivity analysis suggests that obesity prevention strategies are more
effective than obesity treatment strategies in controlling the increase of
adult obesity in Korea [13].

We propose a new mathematical model of epidemiological type in
adult obesity. Moreover we analyze the stability in the equilibria for
the model. Finally, we present a theoretical study that assessess the
persistence of obesity. The basic reproductive number for the model is
computed, and its sensitivity on some parameter values is explored.

2. Mathematical Model

There are various predictive factors of excess weight in the adult
population. However, we build a mathematical model regarding the
evolution of adult obesity, regarded as a social disease transmitted by
social environment, peer pressure and an unhealthy lifestyle.
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Figure 1. Flow diagram for the dynamics of obesity
prevalence in the population

The parameters and state variables of the model are shown in Table
1 and Table 2.

The state variables of the model are shown in Table 1.

Table 1. State variables for population dynamics

S(t) the proportion of normal weight individuals at time t.
O(t) the proportion of overweight individuals at time t.
HO(t) the proportion of seriously overweight individuals at time t.

We construct a mathematical model based on the following assump-
tions:
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• The adult population is divided into three subpopulations, S(t), O(t)
and HO(t), based on the body mass index.

• The transitions between the subpopulations S(t), O(t) and HO(t)
are governed by terms proportional to the sizes of these subpopu-
lations.

• The transitions from normal to overweight occur through the trans-
mission of an unhealthy lifestyle and contact among them. This
transmission is modeled using the term β1S(t)O(t)+β2S(t)HO(t).

• Transitions from overweight to normal weight subpopulation and
obese to normal weight subpopulation depend on a healthy lifestyle.

• The size and behavior of each population with time will decide the
dynamic evolution of excess weight.

• The dynamic of transits between the compartments is depicted
graphically in Figure 1.

With the assumptions above, we present the model as follows:

dS(t)

dt
= δO(t)− {β1S(t)O(t) + β2S(t)HO(t)}

dO(t)

dt
= β1S(t)O(t) + β2S(t)HO(t) + ηHO(t)− (γ + δ)O(t)

dHO(t)

dt
= γO(t)− ηHO(t)

(1)

Throughout this article, we focus on the dynamics of model (1) in
the following restricted region:

X = {(S,O,HO)|0 ≤ S,O,HO ≤ 1, S +O +HO = 1}.

Without loss of generality and for the sake of clarity, the 19-to 69-year-
old adult population is normalized to unity. All parameters used in the
model are assumed to be strictly positive constants.

Table 2. The description of parameters in the model (1)

β1
transmission rate by social pressure to adopt an unhealthy
lifestyle and contact with the O group.

β2
transmission rate by social pressure to adopt an unhealthy
lifestyle and contact with the HO group.

γ
the rate at which overweight adults become an obese
individual due to an unhealthy lifestyle.

δ
the rate at which overweight individuals move to the
normal-weight subpopulation.

η
the rate at which obese adults with a healthy lifestyle
become overweight individuals.
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3. Equilibrium and Stability Analysis

In this section, we qualitatively analyze the model (1) by investigating
the existence and stability of its associated equilibria. Because S(t) =
1−O(t)−HO(t), we only need to consider the followings:

dO

dt
= −β1O

2 + [β1 − (δ + γ)− (β1 + β2)HO]O

+ (η + β2)HO − β2HO
2

dHO

dt
= γO − ηHO.

(2)

By setting dHO
dt = 0, we get HO = γ

ηO. By substituting HO = γ
ηO

into the right hand side of dO
dt , we have equilibria. We denote this by

(O∗,HO
∗), the equilibrium points of the system (2). The equilibria are

(0, 0) and

(O∗,HO
∗) =

(
(β1 + β2

γ
η )− δ

(1 + γ
η )(β1 + β2

γ
η )

,
γ

η

(β1 + β2
γ
η )− δ

(1 + γ
η )(β1 + β2

γ
η )

)
. (3)

To study the stability of the system, the stability can be determined
by applying the Routh-Hurwitz criteria for the model [11]. To analyze
the equilibrium, we prove the following theorem:

Theorem 3.1. The disease-free equilibrium (0, 0) is locally asymptoti-
cally stable if (β1 + β2

γ
η ) < δ, and unstable otherwise. Let (O∗,HO

∗) be

an endemic equilibrium. When −β2
γ
η < β1 − δ < γ + η, the endemic

equilibrium (O∗,HO
∗) with (3) is locally asymptotically stable.

Proof. First, we use the Routh-Hurwitz theorem to analyze the
stability of the disease-free equilibrium. The Jacobian matrix of the
system is necessary in order to apply the Routh-Hurwitz criteria. From
(2), we have the Jacobian matrix.

J =

(
β1 − 2β1O − (β1 + β2)HO − (γ + δ) β2 + η − 2β2HO − (β1 + β2)O

γ −η

)
.

We obtain the trace and determinant from the Jacobian matrix. If
we substitute disease-free equilibrium (0, 0) into Tr(J), det(J), then
Tr(J(0,0)) = β1 − (γ + η + δ) and det(J(0,0)) = η{δ − (β1 + β2

γ
η ). The

Routh-Hurwitz criteria must satisfy Tr(J(0,0)) < 0 and det(J(0,0)) > 0.
According to β1 − (γ + η + δ) < 0 and η{δ − (β1 + β2

γ
η )} > 0, two

conditions reduce to an inequality equation, δ − (β1 + β2
γ
η ) > 0. Hence

the equilibrium (0, 0) is locally asymptotically stable if (β1 + β2
γ
η ) < δ.
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Similarly, as we do in the proof of the disease-free equilibrium, we
analyze another equilibrium (O∗,HO

∗). For the stability analysis of an
endemic equilibrium (O∗, HO

∗) where

O∗ =
(β1 + β2

γ
η )− δ

(1 + γ
η )(β1 + β2

γ
η )

and HO
∗ =

γ

η

(β1 + β2
γ
η )− δ

(1 + γ
η )(β1 + β2

γ
η )

,

the trace and determinant of the Jacobian matrix at the point (O∗,HO
∗)

are written as

Tr(J)

= (β1 − δ − γ − η)− (2β1 + β1
γ

η
+ β2

γ

η
)O

=
1

(1 + γ
η )(β1 + β2

γ
η )

[
δ

{
β1(1 +

γ

η
) + (β1 + β2

γ

η
)

}
− (β1 + β2

γ

η
)

{
η(1 +

γ

η
)2 + δ(1 +

γ

η
) + (β1 + β2

γ

η
)

}]
and

det(J)

= η

{
δ − (β1 + β2

γ

η
)

}
+

{
η(2β1 + β1

γ

η
+ β2

γ

η
) + γ(β1 + β2 + 2β2

γ

η
)

}
O

= η{(β1 + β2
γ

η
)− δ}.

For an endemic equilibrium X∗ = (O∗,HO
∗) to be locally asymptot-

ically stable, the following must hold:

(a)Tr(JX∗) < 0 ⇐⇒ δ

{
β1(1 +

γ

η
) + (β1 + β2

γ

η
)

}
< (β1 + β2

γ

η
)

{
η(1 +

γ

η
)2 + δ(1 +

γ

η
) + (β1 + β2

γ

η
)

}
,

(b) det(JX∗) > 0 ⇐⇒ δ < (β1 + β2
γ

η
).

(4)

The application of (4)(b) in (4)(a) leads to β1 < δ + γ + η.
Therefore, this completes the proof that the endemic equilibrium (O∗,HO

∗)
is locally asymptotically stable when the inequality satisfies −β2

γ
η <

β1 − δ < γ + η.
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4. Numerical results: Sensitivity of R0 to changes in param-
eter values

For the case of overweight prevalence, we consider the basic repro-
ductive number. The number of secondary infections produced by a sin-
gle infected individual can be expressed as the product of the expected
duration of the infectious period and the rate at which the secondary
infections occur.

The basic reproductive number R0 is defined as follows: “the average
number of secondary infections caused by a single infectious individual
during his/her entire infectious lifetime” [4]. It measures how quickly a
disease spreads in its initial phase as well as predict whether a disease
will become endemic or whether it will die out.

We adapt the next generation method [2],[5] to determine the basic
reproduction number R0. The application of control measures changes
the value of some parameter values in the model; furthermore it would
be desirable to know the effects the changes produces on R0. By the use
of expression R0 =

β1η+β2γ
ηδ , we have

Sη =
∂R0

∂η

η

R0
=

−β2γ

β1η + β2γ
< 0,

Sδ =
∂R0

∂δ

δ

R0
= −1 < 0,

Sγ =
∂R0

∂γ

γ

R0
=

γ2

β1η + β2γ
> 0,

Sβ1 =
∂R0

∂β1

β1
R0

=
β1η

β1η + β2γ
> 0,

and Sβ2 =
∂R0

∂β2

β2
R0

=
β2γ

β1η + β2γ
> 0.

which provide an approximate measure of the relative change ratios be-
tween R0 and the parameters considered.

Sδ = −1 means that the relative change in the value of R0 is the
relative change of δ, independently of any other parameter values. The
negative sign implies that changes are produced in different directions,
that is, an increase/decrease in δ produces a decrease/increase in R0.
For instance, a 50% increase in the value of δ will cause a 50% decrease
in the value of R0. In contrast to Sδ, the value of Sη, Sγ , Sβ1 and Sβ2

depend on the parameter values of the model. On the other hand, each
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Figure 2. The graphs of the sensitivity ofR0 to changes
in parameter values.

of the Sη, Sγ , Sβ1 and Sβ2 increases, as each parameter values η, γ, β1
and β2 increases, respectively, from Figure 2.
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In the case where β1η increases, Sη and Sβ1 increase but Sβ2 and
Sγ decrease. In the case where β2γ increases, Sβ2 increases but all the
Sη, Sβ1 and Sγ decrease. In particular, Sβ2 increases dramatically at the
beginning of the increase; subsequently, Sβ2 progresses very slowly.

5. Conclusion

We propose a new mathematical model of epidemiological type in
adult obesity. We then analyze the equilibria of model for the popula-
tion. Further we present a theoretical study that assesses the persistence
of obesity.

Using the mathematical model of epidemiological type to predict the
incidence of excess weight in the population, we analyze a disease-free
equilibrium (0, 0) that is locally asymptotically stable if (β1 + β2

γ
η ) < δ

and an endemic equilibrium (O∗,HO
∗) are locally asymptotically stable

for −β2
γ
η < β1 − δ < γ + η.

The basic reproductive number for the model is computed, and its
sensitivity on every parameter value is explored. The sensitivity of R0

to changes in parameter values draws a graph in Figure 2.

Among public health authorities, efforts to reduce the prevalence of
overweight and obesity may be affected by practical or cost constraints.
Therefore, this study may be of interest for deciding on their policy.
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