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In this paper, we formulated a mathematical model for the addiction of drug substances among
students in the tertiary institutions in Nigeria. The model explains the dynamics of the use and
the addiction of certain substances that are perceived as mood changing by the students in the
tertiary institutions in Nigeria. The drug model will be analysed qualitatively. The basic reproductive E-mail: osuntokun4m@yahoo.com
number which is the drug addiction number of the mathematical model was determined using the
next generation procedure. It was found that the drug free equilibrium point was found to be locally
asymptotically stable whenever the drug addiction number is less than one and unstable otherwise.
The analysis revealed that an increase in the recruitment rate of students and the rate at which the
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students return to the use and addiction of drugs would cause an increase in the drug addiction Accepted: 27 September 2021
number. There are impacts on interaction among non-drug users and drug users in the system with
time. An increase in the contact or limitation rate increases the population of drug users. It is hereby Published: 30 September 2021
recommended that; government should intensify efforts to reduce or stop the spread of selling and Copyright: © 2021 Binuyo AO, et al. Distributed
purchasing of the drug substances through government policies among the students in the tertiary under Creative Commons CC-BY 4.0 @®
institutions in Nigeria.
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>
Drug abuse and addiction is a condition characterized by a self-destructive > Basic reproductive number
pattern of using a substance that leads to significant problems and distress which > Equilibrium points

may include tolerance to or withdrawal from the substance. These drug abuse and

addiction are both grouped as substance or drug use disorder. Drug use disorder

is unfortunately quite common, affecting more than 8% of people in the country

at some point in their lives [1]. People can abuse virtually any substance whose

ingestion can result in a euphoric or high feeling while the specific physical and

psychological effects of drug use disorder tend to vary based on the particular

substance involved, the general effects of a substance use disorder involving any

drug can be devastating.

In this paper, mathematical modelling of the addiction of drug substances
among students in tertiary institutions in Nigeria is considered. Joan KavuteKanyaa,
et al. [2] established and analyzed a deterministic mathematical model in their
paper. However, the exposed class was not incorporated into their mathematical

model. In this study, the exposed class was incorporated into this model and some MEDICINE GROUP

other parameters were added in order to have a robust mathematical model on the

addiction of drug substances among the students in the tertiary institutions. The VOLUME: 2 ISSUE: 9
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stability analyses of both the drug free and the endemic
equilibrium points were determined including the basic
reproductive number of the new reformulated mathematical
model. The basic reproductive number R, is a threshold
quantity that determines when a single drug abuse student
invades a population. This number is obtained using the
next generation approach as described by Diekmann and
Hesterbeek [3,4].

THE MATHEMATICAL MODEL FORMU-
LATION

The mathematical model is divided into a system of
ordinary differential equation with five different sets in
compartmental form depending on their substances uses
status. The five compartments include the susceptibles S(t)
which comprises of all students that are at risk of using any
substance (drug). All students who use any substance or drug
of any form are grouped under drug users D(t). All students
who are exposed to the use of the substance (drug) of any
form are classified into the E(t) group. The compartment of
all students who are addicted to the use of drugs are grouped
under A(t) and those students who stopped using drugs
either by abstinence or through rehabilitation or through
parental guidance are under the class R(t). the rate at which
the students are recruited into the susceptible class is A, the
rate at which the students imitate their colleagues who use
any substance is o and B is the rate at which students interact
in the population while 5 is the natural recovery rate of drug
users and p is the rate at which students return to the use of
drugs. The natural death rate of all the students is denoted
by u and o is the rate at which all drug users are addicted to

Table 1: Definitions of the variables and parameters that are used in the model.

JOURNAL OF BIOMEDICAL RESEARCH & ENVIRONMENTAL SCIENCES 1ssn: m

the use of substances (drugs). The parameters r and 6 are
the death rates of drug users and drug addicted respectively.
The mathematical model is described by considering
the dynamical equations for the student population. The
mathematical model assumes that, those students who
are recovered were still involved in the use of drug but not
involved in the addiction of the drugs. The students are
classified into five groups as susceptible, exposed, drug
users, drug addicted and the recovered for the dynamical
equations, the definitions of the variables and parameters
used in the model are given in the table 1. In addition, the
flow diagram of the drug users and the addicted among the
students are shown in the figure 1.

The total population of the students considered
becomes:

N(t)=S(t)+E(t)+D(t)+A(t)+R(t) (1)

The following system of equations are obtained from the
model flow diagram in figure 1,

ds

=N AS(6)D(t)(1+aD)- (u+ @)S(0) )
% — S (t)~ (u+ )ED) 3)
%=75(t)+ BS(t)D(t)(1+aD(t)) @
~(o+5+r+u)D(t)+ pR(t)

%:GD(t)f(0+T+,u)A(t) (5)

A Recruitment rate of students
B Rate of student interaction in the society
a Rate of imitation to the use of drugs
w Rate of susceptible being exposed to the use of drugs
1] Natural death rate of the students
\ Rate at which exposed students are got into the use of drugs
o] Rate at which drug users are addicted to drugs
5 Natural recovery rate of drug users
r Rate at which death occurs among the drug users
p Rate at which students are returned to the use of drugs after recovery
€] Rate at which death occurs among the drug addicts
T Rate at which drug addicts are recovered from the use of drugs
S(t) Susceptible students at time t
E(t) Exposed students to drug use at time t
D(t) Drug users among the students at time t
A(t) Drug Addicts among the students at time t
R(t) Recovered students from the drug users and drug addicts at time t
N(t) Total population of students considered
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Figure 1 Flow diagram of the model.
dR
E:TA(t)+5D(t)—(ﬂ+P)R(t) (6) .9:{(5,E,D,A,R)5Rf:S+E+D+A+Rg%} (14)

The solution of the system remains positive at any point
in time if the initial values of all the variables are positive.
From equation (1),

dﬂ—§+d£+d£+%+dj (7)
dt dt dt dt dt dt

From equations (2) to (6), by simplification,

((11—1:’=A—u(S+E+R)—(r+u)D—(0+u)A (8)

Since there are no drug addicted, drug users, exposed
and recovered students in the absence of drugs, hence, E = 0,
D=0,A=0andR = 0. Equation (8) becomes,

dN
qr = A HS®) (9)

If the total population N is equal to the number of
susceptible S, it implies that N = S, such that,

dN
dt

=A-uN (10)

On solving equation (10), we obtain,

(A-uN)=e e B (12)
where P=e*®.Then, A-uN > Pe™ . Applying the conditions
at N(0)=S(0), A-uN(0) =P, therefore,

A—-uN =(A-uN(0))e ™ (12)

Rearranging equation (12) and simplifying it becomes;

N<A (AN
u u

Ast~ oo, the size of population N — % , this implies that;

(13)

0<N(t) < % and N(t) < % , therefore,

So, the dynamical change of each class equals to zero.
Normalizing the dynamical equations (2) to (6) by setting, s
=S/N,e=E/N,d=D/N,a=A/Nandr = R/N, then, the reduced
forms of the equations become:

ds

g = A= As(0)d(t)(1+ad(®) - (u+ w)s(0) (15)
de

a:a)s(t)—(,u+}/)e(t) (16)
dd

E:ye(t)+ﬂs(t)d(t)(1+ad(t))— (17)
(o-+5+r+y)d(t)+pr(t)

49— od(t) (@ + a0 (18)
dr

i@ =za(t)+sd(t)-(u+ p)r(t) (19)

ANALYSIS OF THE MATHEMATICAL
MODEL

To find the equilibrium states of the mathematical
model, the right-hand side of equations (15) to (19) are set
equal to zero [5]. So, the equilibrium states are obtained as
follows:

Drug free equilibrium state:
* % * k% A
H,=(s",e",d",a’,r ):(E,o,o,o,o) (20)

The drug free equilibrium points are obtained when the
system of differential equations are set to zero. At this point,
there are no drug users, no addicted, no exposed and the
recovered students. i.e. e* = 0,d* = 0,a* = oand r* = o.

Binuyo AQ, et al. (2021) J Biomed Res Environ Sci, DOI: https://dx.doi.org/10.37871/jbres1322
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Drug endemic equilibrium state: H, =(s",e",d",a",r")
where;

(/’+7)[('9+r+ﬂ)(ﬂ+p)(a+5+r+y)_
* (zo+3(0+r+4))]

=w}/(e+r+lu)(lu+p)+ﬁ(0+r+y)(y+p)(#+y)+ (21)
ap(0+r+p)(u+p)u+y)
[(9+r+y)(y+p)

.o (o+0+1+u)—(ro+5(0+1+u))] (22)
7(9+r+,u)(,u+p)+§(9+r+ﬂ)(ﬂ+.0)
(H+}’)+%(9+r+ﬂ)(ﬂ+/7)(ﬂ+}’)

d =1 (23)

* o
=(9+l’+,u) )
« 1o +8(0+1+p) (25)

N (O+r+u)(u+p)

With these values for s*,e*,d",a",r", the positivity and

uniqueness of H, are guaranteed if and only if R > 1 where

R, is the basic reproductive number for the mathematical
model given in the form

_ A
Tuo+S+r+p) (26)

0

In the drug endemic equilibrium state, the number of
drug users is strictly positive and constant. So, if some of
the solutions of the system of equations d(t) approach as
time goes to infinity, the number of drug users will remain
strictly positive for a long time and approximately equal to
d(t). Thus, the use of drugs will remain in the population and
becomes endemic except adequate measures are put in place
to control and prevent the rapid spread of the use of drugs
among the students in the tertiary institutions.

RESULTS AND DISCUSSION

There are early signs risk that may dictate and predict
later drug abuse from adolescent to adult. Some signs of risk
can be seen as early as infancy. Children’s personality traits
and temperaments can place them at increased risk for later
drug abuse. Withdrawn and aggressive boys, for example,
often exhibit problem behaviors in interactions with their
families, peers, and others they encounter in social settings.
If these behaviors continue, they will likely lead to other
risks. These risks can include academic failure, early peer
rejection, and later affiliation with deviant peers, often the
most immediate risk for drug abuse in adolescence. Studies
have shown that children with poor academic performance
and inappropriate social behavior at ages 7 to 9 are more
likely to be involved with substance abuse by age 14 or 15.

Based on the content of the write up, it is imperative
to examine the progress of drug abuse among students in
tertiary institutions. Some children even before university

JOURNAL OF BIOMEDICAL RESEARCH & ENVIRONMENTAL SCIENCES 1ssn: m

education are already abusing drugs by age 12 or 13, which
likely means that some may begin even earlier. Early
abuse includes such drugs as tobacco, alcohol, inhalants,
marijuana, and psychotherapeutic drugs. If drug abuse
persists into later adolescence, abusers typically become
more involved with marijuana and then advance to other
illegal drugs, while continuing their abuse of tobacco and
alcohol. Studies have also shown that early initiation of drug
abuse is associated with greater drug involvement, whether
with the same or different drugs.

In general, the pattern of abuse is associated with levels
of social disapproval, perceived risk, and the availability of
drugs in the community/tertiary institution. Scientists have
proposed several hypotheses as to why individuals first
become involved with drugs and then escalate to abuse. One
explanation is a biological cause, such as having a family
history of drug or alcohol abuse, which may genetically
predispose a person to drug abuse. Another explanation is
that, starting to abuse adrug may lead to affiliation with more
drug-abusing peers which, in turn, exposes the individual to
other drugs. Indeed, many factors may be involved.

Different patterns of drug initiation have been identified
based on gender, race or ethnicity, and geographic location.
For example, research has found that the circumstances in
which young people are offered drugs can depend on gender.
Boys generally receive more drug offers and at younger ages.
Initial drug abuse can also be influenced by where drugs are
offered, such as parks, streets, schools, homes, or parties.

Researchers have found that these youths are the most
likely to have experienced a combination of high levels
of risk factors with low levels of protective factors. These
adolescents were characterized by high stress, low parental
support, and low academic competence. However, there
are protective factors that can suppress the escalation to
substance abuse. These factors include self-control, which
tends to inhibit problem behavior and often increases
naturally as children mature during adolescence. In addition,
protective family structure, individual personality, and
environmental variables can reduce the impact of serious
risks of drug abuse. Preventive interventions can provide
skills and support to high-risk youth to enhance levels of
protective factors and prevent escalation to drug abuse.

At this stage, the risk factors and protective factors for
drug abuse among student in tertiary institution of learning
should be mention for the clarity of purpose. Student don’t
start the abuse in the university, it is a progressive stage from
community to primary school to secondary and to tertiary
institutions. This prevention may enhance protective factors
and thereby reverse the predominant risk factors [6].

The protection and prevention factors are as follows in a
logical sequence:

® The risk of becoming a drug abuser involves the
relationship among the number and type of risk

Binuyo AQ, et al. (2021) J Biomed Res Environ Sci, DOI: https://dx.doi.org/10.37871/jbres1322
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factors (e.g., deviant attitudes and behaviors) and
protective factors (e.g., parental support) [7].

¢ The potential impact of specific risk and protective
factors changes with age. For example, risk factors
within the family have greater impact on a younger
child, while association with drug-abusing peers may
be a more significant risk factor for an adolescent
(8,91

* Early intervention with risk factors (e.g., aggressive
behavior and poor self-control) often has a greater
impact than later intervention by changing a child’s
life path (trajectory) away from problems and toward
positive behaviors [10].

* While risk and protective factors can affect people of
all groups, these factors can have a different effect
depending on a person’s age, gender, ethnicity,
culture, and environment [11,12].

Prevention programs should address all forms of drug
addict:

¢ Alone or in combination, including the underage
use of legal drugs (e.g., tobacco or alcohol); the use
of illegal drugs (e.g., marijuana or heroin); and the
inappropriate use of legally obtained substances
(e.g., inhalants), prescription medications, or over-
the-counter drugs [13].

* Prevention programs should address the type of
drug abuse problems in the local community, target
modifiable risk factors, and strengthen identified
protective factors [14].

® Prevention programs should be tailored to
address risks specific to population or audience
characteristics, such as age, gender, and ethnicity, to
improve program effectiveness [15].

¢ Family bonding is the bedrock of the relationship
between parents and children. Bonding can
be strengthened through skills training on
parent supportiveness of children, parent-child
communication, and parental involvement [16,17].

® DParental monitoring and supervision are critical
for drug abuse prevention. These skills can be
enhanced with training on rule-setting; techniques
for monitoring activities; praise for appropriate
behavior; and moderate, consistent discipline that
enforces defined family rules [18].

* Drug education and information for parents or
caregivers reinforces what children are learning
about the harmful effects of drugs and opens
opportunities for family discussions about the abuse
of legal and illegal substances [19].

JOURNAL OF BIOMEDICAL RESEARCH & ENVIRONMENTAL SCIENCES 1ssn: m

* Family-focused interventions for the general
population can positively change specific parenting
behavior that can reduce later risks of drug abuse
[20].

The administrators in tertiary institutions for the matter
of urgency may include the following core values in the
institution curriculum especially in civil education, to reduce
the risk factors to drug abuse

® Self-control

* Emotional awareness

* Communication

® Social problem-solving

® Academic support, especially in reading.

Prevention programs for middle or junior high and
high school students should increase academic and social
competence with the following skills [21,22];

® Study habits and academic support
* Communication; peer relationships
* Self-efficacy and assertiveness

® Drug resistance skills

* Reinforcement of antidrug attitudes

* Strengthening of personal commitments against
drug abuse

CONCLUSION

The drug mathematical model was qualitatively analyzed
to give an account of drug spread among the students of
tertiary institutions in Nigeria. The basic reproductive
number of the mathematical model was computed. The
use and the addiction of substances would continue to rise
among the students if the basic reproductive number is
less than one and the addiction of drugs would die out of
the system if the reproductive number is greater than one.
Recommendations were made to the government and the
administrators of the institutions on how to reduce the rise
in the addiction of drugs among the students of tertiary
institutions.
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