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ABSTRACT 
 

Drug abuse remains a major global public health and socioeconomic challenge, particularly among 

young people. This study develops a deterministic compartmental model to investigate the 

dynamics of drug addiction in a population under the influence of awareness programs, guidance 

and counselling, Qualitative analysis was conducted to establish the positivity of solutions, derive 

the drug-free equilibrium, and evaluate the basic reproduction number R0, as a threshold parameter 

for the persistence or elimination of drug abuse. The endemic equilibrium state was also calculated 

to examine long term persistence. A local sensitivity analysis revealed that parameters with 

negative sensitivity indices most notably the transition of active drug abusers into guidance and 

counseling programs act as the primary protective factor against the epidemic by reducing 

transmission potential as their value increase. Conversely, parameters with positive sensitivity 

indices, particularly those associated with initiation and human recruitment, enhance transmission 

potential as they increase. Finally, numerical simulations were performed to validate the analytical 

results and evaluate the impact of various intervention strategies. 

 

KEYWORDS: Drug Addiction, Sensitivity Analysis, Guidance and Counselling, Awareness  

  Program 

 

I. INTRODUCTION 
Drug abuse refers to the unlawful, inappropriate, or excessive use of substances, often defined by 

societal norms as problematic [7], [13]. Also, Unlawful drug administration is said to be nonmedical 

use of varieties of drugs that are prohibited by local/international law [4]. While drugs are primarily 

intended to treat health conditions [1], abusing them threatens individual health and socioeconomic 

progress worldwide [23]. In 2012, drug abuse resulted in around 183,000 deaths worldwide [19]. 

According to the [20], drug administration methods vary by substance type, with oral intake and 

smoking serving as the most common methods, alongside injection depending on the drugs used. 

The degree of drug absorption into the circulation and the associated effects depend on the mode 

of administration [11]. Numerous elements interact to cause drug abuse and addiction, including 

biological aspects like genetic predispositions, psychological factors like choice and craving 

processes, social factors like peer pressure, and societal ones like substance availability. Alcohol, 

nicotine, barbiturates, cannabis, cocaine, methaqualone, opium alkaloids, synthetic opioids, and 

other substances are the most often misused substances. Unfortunately, over 8% of the nation's 

population suffers from a drug use disorder at some point in their lives [6]. Drug abuse and 

addiction have become major challenges affecting communities worldwide, leading to devastating 
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health, social, and economic consequences. While enforcement and treatment strategies are vital 

in addressing drug-related issues, prevention through education stands out as a proactive and 

sustainable solution [12]. 

Drug misuse has been the subject of several studies. For example, [22] reported that initiation, 

progression, cessation, treatment, recovery, and relapse associated with drug use are influenced by 

a combination of biological, psychological, social, and environmental factors, including peer 

influence, family and community environments, social networks, accessibility of substances, and 

availability of treatment services, [15] presented a mathematical model of drug abuse. He used a 

seven-compartmental model in his study; his analysis, which was conducted using a mathematical 

model technique, reveals that anti-drug education programs and ineffective treatment have an 

impact on the dynamics of drug dissemination in a population. He then conducted quantitative 

analyses of equilibrium points, local stability, and global stability. A mathematical model was 

developed by [2], With six compartments susceptible, exposed, infected, guided and counselled, 

rehabilitated, and recovered—they created the SEIGWR model, a mathematical representation of 

drug dependence as an infectious disease. The presence of equilibrium points and the model's 

stability were established. According to the study's quantitative analysis, local stability was present 

when R0 < 1. They concluded from the drug misuse model's numerical analysis that counselling 

and guidance affected its dynamics. It has been demonstrated that greater assistance and 

counselling lead to fewer infections. 

[9] conducted a study on drug abuse dynamics among college students. The SEIPR model, which 

was proposed and examined, emphasized the importance of enrolling a large number of affected 

students in treatment programs along with measures to reduce the transmission to curb the spread 

of drugs eventually. [15] also introduced a mathematical model of drug abuse. In his study, he 

considered a seven-compartment model; his analysis, carried out, suggests the influence of 

ineffective treatment and anti-drug education campaigns on the dynamics of drug spread in a 

population and was investigated using a mathematical model approach. Another notable 

contributor is [14], who formulated a coupled system of two submodels: the drug-abuse-only 

model and the violence-only model. The drug-abuse and violence co-menace total population was 

divided into nine sub-classes. An optimal control of intervention strategies for a drug abuse and 

violence co-menace model was carried out; drug abuse only free equilibrium, drug abuse only 

present equilibrium, violence only free equilibrium, and violence only present equilibrium were 

also carried out. 

This article develops and analyses a comprehensive mathematical model of drug abuse in society. 

It builds on the work in [8] by incorporating two susceptible human classes and an awareness, 

guidance, and counselling component within the human population, thereby enhancing the model's 

robustness and overall control strategies for curtailing drug abuse in society. The structure of the 

paper is as follows: Section Two describes the model formulation, the model's positivity, the drug-

free and endemic equilibrium points, and the derivation of the basic reproduction number. 

Sensitivity analysis with results and discussion formed the concluding part. 

 

 

  

II. MODEL FORMULATION 
We considered a human population affected by drug abuse and subdivided them into the following: 

Susceptible unaware class (𝑺𝒏𝒖), Susceptible aware class (𝑺𝒏𝒂), Drug users (𝑫𝒏), Drug Abusers 
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(𝑨𝒏),  Disabled/retarded addicts (𝑸𝒏), Drug users who have received guidance counselling (𝑮𝒏), 

The  recovered Class (𝑹𝒏). Lastly, there is a non-human compartment (A) known as an awareness 

program driven by drug addiction prevalence and media coverage.   

N(t) = 𝑺𝒏𝒖 (t) + 𝑺𝒏𝒂 (t) +𝑫𝒏(t)+ 𝑨𝒏 (t) + 𝑸𝒏 (t) + 𝑮𝒏 (t) + 𝑹𝒏 (t)   

 

And the non-human compartment A(t) 

 
From the diagram above, the model's equations are shown below. 
𝑑𝑆𝑛𝑢

𝑑𝑡
=  ˄ − 

𝛽

𝑁𝑛
 (𝜀𝐷𝑛 + 𝐴𝑛)𝑆𝑛𝑢 − 𝜌𝑆𝑛𝑢𝐴 + 𝑞𝑆𝑛𝑎 − 𝜇𝑆𝑛𝑢     (1) 

𝑑𝑆𝑛𝑎

𝑑𝑡
=  𝜌𝑆𝑛𝑢𝐴 −  

𝑎𝛽

𝑁𝑛
 (𝜀𝐷𝑛 + 𝐴𝑛)𝑆𝑛𝑎 − (𝑞 + 𝜇)𝑆𝑛𝑎 + 𝜔𝑅𝑛     (2) 

𝑑𝐷𝑛

𝑑𝑡
=   

𝛽

𝑁𝑛
 (𝜀𝐷𝑛 + 𝐴𝑛)(𝑆𝑛𝑢 + 𝑎𝑆𝑛𝑎) − (𝛼 + 𝜏𝐷 +  𝜇)𝐷𝑛     (3) 

𝑑𝐴𝑛

𝑑𝑡
=  𝛼𝐷𝑛 − (𝜏𝐴 + 𝜎 + 𝛽1 + 𝜇)𝐴𝑛        (4) 

𝑑𝑄𝑛

𝑑𝑡
=  𝜎𝐴𝑛 − (𝜏𝑄 + 𝛿 + 𝛽2 + 𝜇)𝑄𝑛        (5) 

𝑑𝐺𝑛

𝑑𝑡
=  𝛽1𝐴𝑛 + 𝛽2𝑄𝑛 − (𝑚 + 𝜇)𝐺𝑛        (6) 

𝑑𝑅𝑛

𝑑𝑡
=  𝜏𝐷𝐷𝑛 + 𝜏𝐴𝐴𝑛 + 𝜏𝑄𝑄𝑛 + 𝑚𝐺𝑛 − (𝜇 + 𝜔)𝑅𝑛      (7) 

𝑑𝐴

𝑑𝑡
=  ˄1 + 𝜂1𝐴𝑛 +  𝜂2𝑄𝑛 − ѵ𝐴        (8) 

 

 

 

 

 

Table 1: Description of Variables and Parameters 

Variables and 

Parameters 

Description of Variables and Parameters 

Snu Susceptible unaware individuals    
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Sna Susceptible aware individuals 

𝐷𝑛 Drug users 

𝐴𝑛 Drug Abusers 

𝑄𝑛 Disabled or retarded addicts 

𝐺𝑛 Drug users who have received guidance and counselling. 

𝑅𝑛 Recovered 

A Awareness Programmes   

˄ Human recruitment 

𝛍 Natural death 

𝛼 Progression rate from 𝐷𝑛 to 𝐴𝑛 

𝛿 Death rate due to addiction 

𝜌 Rate at which awareness programs move susceptible unaware to 

susceptible aware 

𝜏𝐷 Progression rate from 𝐷𝑛 to 𝑅𝑛 

𝜏𝐴 Progression rate from 𝐴𝑛 to 𝑅𝑛 

𝜏𝑄 Progression rate from 𝑄𝑛 to 𝑅𝑛 

𝜌 Rate of awareness 

𝛽 Initiation rate 

𝜀 Relative influence of drug users compared to abusers 
 

𝜎 Progression rate from 𝐴𝑛 to 𝑄𝑛 

𝛽1 Progression rate from 𝐴𝑛 to 𝐺𝑛 

𝑎 Reduction factor due to awareness 

𝛽2 Progression rate from 𝑄𝑛 to 𝐺𝑛 

˄1 Growth influx of awareness  

Ѵ The time rate of decay of drug addiction prevalence  

𝜂1, 𝜂2 Awareness program stimulated rates 

q Rate at which Sna  loses awareness 

𝜔 Rate at which 𝑅𝑛loses immunity 

 
A. MODEL ASSUMPTIONS 
The deterministic Drub abuse model developed in this study is based on some of the following 

assumptions: 

(a) New individuals enter the population through recruitment (birth or immigration) into the 

susceptible unaware class at a constant rate ˄ 

(b) Drug initiation occurs through effective contact between susceptible individuals and drug 

users or drug abusers 

(c) Natural death occurs in every human compartment at the rate 𝜇 

(d) Awareness programmes are dynamic and are represented by a non-human compartment 

A(t) 

(e) Recovered individuals gradually lose their resistance to drug use and return to the 

susceptible aware class at rate 𝜔 

(f) All abused substances and treatment methods possess uniform characteristics and 

effectiveness 

(g) Awareness programmes reduce the likelihood of drug initiation. 
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B. POSITIVITY OF THE MODEL 
In this subsection, we establish the positivity of the system of equations (1)-(8) above.  

Lemma 1. Let all parameters be non-negative and let the initial conditions satisfy 

Snu(0), Sna(0), Dn(0), An(0), Qn(0), Gn(0), Rn(0), A(0) ≥ 0. 

Then the solution of system (1)–(8) satisfies 

Snu(t), Sna(t), Dn(t), An(t), Qn(t), Gn(t), Rn(t), A(t) ≥ 0 for all t ≥ 0. 

Proof. From the system of equations (1) above,  
𝑑𝑆𝑛𝑢

𝑑𝑡
=  ˄ − 

𝛽

𝑁𝑛
 (𝜀𝐷𝑛 + 𝐴𝑛)𝑆𝑛𝑢 − 𝜌𝑆𝑛𝑢𝐴 + 𝑞𝑆𝑛𝑎 − 𝜇𝑆𝑛𝑢      

we have: 
𝑑𝑆𝑛𝑢

𝑑𝑡
≥  ˄ − (𝜌 + 𝜇)𝑆𝑛𝑢         (9) 

𝑑𝑆𝑛𝑢

𝑑𝑡
+ (𝜌 + 𝜇)𝑆𝑛𝑢 ≥  ˄         (10) 

Using integrating factor 
𝑑𝑆𝑛𝑢

𝑑𝑡
𝑒(𝜌+𝜇)𝑡 + (𝜌 + 𝜇)𝑆𝑛𝑢𝑒(𝜌+𝜇)𝑡 ≥  ˄𝑒(𝜌+𝜇)𝑡      (11) 

𝑆𝑛𝑢𝑒(𝜌+𝜇)𝑡 ≥ ∫  ˄𝑒(𝜌+𝜇)𝑡𝑑𝑡         (12) 

𝑆𝑛𝑢𝑒(𝜌+𝜇)𝑡 ≥
˄

(𝜌+𝜇)
𝑒(𝜌+𝜇)𝑡 + 𝑘        (13) 

𝑆𝑛𝑢(𝑡) ≥
˄

(𝜌+𝜇)
+𝑘𝑒−(𝜌+𝜇)𝑡         (14) 

At t = 0 

𝑆𝑛𝑢(0) ≥
˄

(𝜌+𝜇)
+ 𝑘, that is 𝑘 = 𝑆𝑛𝑢(0) −

˄

(𝜌+𝜇)
      (15) 

𝑆𝑛𝑢(𝑡) ≥ 𝑆𝑛𝑢(0)𝑒−(𝜌+𝜇)𝑡 +
˄

(𝜌+𝜇)
(1 − 𝑒−(𝜌+𝜇)𝑡) > 0     (16) 

Similarly, 

𝑆𝑛𝑎(𝑡) ≥ 𝑆𝑛𝑎(0)𝑒−(𝑞+𝜇)𝑡 > 0        (17) 

𝐷𝑛(t) ≥ 𝐷𝑛(0)𝑒−(𝛼+𝜏𝐷+ 𝜇)𝑡 > 0         (18)  

𝐴𝑛(𝑡) ≥ 𝐴𝑛(0)𝑒−(𝜏𝐴+𝜎+𝛽1+𝜇)𝑡 > 0        (19) 

𝑄𝑛(𝑡) ≥ 𝑄𝑛(0)𝑒−(𝜏𝑄+𝛿+𝛽2+𝜇)𝑡 > 0        (20) 

𝐺𝑛(𝑡) ≥ 𝐺𝑛(0)𝑒−(𝑚+𝜇)𝑡 > 0         (21) 

𝑅𝑛(𝑡) ≥ 𝑅𝑛(0)𝑒−(𝜔+𝜇)𝑡 > 0         (22) 

A(t) ≥ 𝐴(0) 𝑒−(ѵ)𝑡 > 0         (23) 

Each coordinate derivative is non-negative on the corresponding boundary; therefore, all 

solutions of the system of (1)-(8) are positive for all 𝑡 >0 

 
 
 
 
C. DRUG-FREE EQUILIBRIUM 
Let the drug-free equilibrium of the model be 

𝐸∗ = (𝑆𝑛𝑢, 𝑆𝑛𝑎, 𝐷𝑛, 𝐴𝑛, 𝑄𝑛, 𝐺𝑛, 𝑅𝑛, 𝐴) = (𝑆𝑛𝑢
∗ , 𝑆𝑛𝑎

∗ , 𝐷𝑛
∗ , 𝐴𝑛

∗ , 𝐺𝑛
∗, 𝑄𝑛

∗ , 𝑅𝑛
∗ , 𝐴∗)   (24) 

The Drug Free Equilibrium (DFE) of the dynamical system in (1-8) only exists in the absence of 

drugs. We can then compute DFE by setting the system of equations in (1-8) to zero and 

establish DFE points, where  
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𝐷𝑛
∗ = 𝐴𝑛

∗ = 𝐺𝑛
∗ = 𝑄𝑛

∗ = 𝑅𝑛
∗ = 0        (25) 

Hence, solving the equations (1)–(8), we have; 

𝐴∗ =  
˄1

ѵ
           (26) 

𝑆𝑛𝑢
∗ =

˄ѵ(𝑞+𝜇)

𝜇(𝜌˄1+ѵ(𝑞+𝜇))
          (27) 

𝑆𝑛𝑎
∗ =

𝜌˄1˄

𝜇(𝜌˄1+ѵ(𝑞+𝜇))
          (28) 

 
D. ENDEMIC EQUILIBRIUM 
Let  
𝐸∗∗ = (𝑆𝑛𝑢, 𝑆𝑛𝑎, 𝐷𝑛, 𝐴𝑛, 𝑄𝑛, 𝐺𝑛, 𝑅𝑛, 𝐴) = (𝑆𝑛𝑢

∗∗ , 𝑆𝑛𝑎
∗∗ , 𝐷𝑛

∗ , 𝐴𝑛
∗∗, 𝐺𝑛

∗∗, 𝑄𝑛
∗∗, 𝑅𝑛

∗∗, 𝐴∗∗)  (29) 

And 𝜆∗ =
𝛽

𝑁𝑛
∗ (𝜀𝐷𝑛

∗∗ + 𝐴𝑛
∗∗), 𝑘1 = 𝜏𝐴 + 𝜎 + 𝛽1 + 𝜇, 𝑘2 = 𝜏𝑄 + 𝛿 + 𝛽2 + 𝜇,   

𝑘3 = 𝑚 + 𝜇, 𝑘4 = 𝛼 + 𝜏𝐷 + 𝜇 

The Drug Endemic Equilibrium (DEE) of the dynamical system in (1-8) can be solved by setting 

(1-8) to zero. Hence, the endemic equilibrium are; 

𝑆𝑛𝑎
∗∗ =

𝜌𝑆𝑛𝑢
∗∗ 𝐴∗∗

𝑎𝜆∗+𝑞+𝜇
           (30) 

  

𝑆𝑛𝑢
∗∗ =

˄

𝜆∗+𝜌𝐴∗∗+𝜇−
𝑞𝜌𝐴∗∗

𝑎𝜆∗+𝑞+𝜇

         (31) 

𝐷𝑛
∗∗ =  

𝜆∗(𝑆𝑛𝑢
∗∗ +𝑎𝑆𝑛𝑎

∗∗ )

𝑘4
          (32) 

𝐴𝑛
∗∗ = 

𝛼

𝑘1
𝐷𝑛

∗∗           (33) 

𝑄𝑛
∗∗ =  

𝜎𝛼

𝑘1𝑘2
𝐷𝑛

∗∗          (34) 

𝐺𝑛
∗∗ =  

𝛼𝐷𝑛
∗∗

𝑘1𝑘3
(𝛽1 +

𝛽2𝜎

𝑘2
 )         (35) 

𝑅𝑛
∗∗ =  

1

𝜇
(𝜏𝐷𝐷𝑛

∗∗ + 𝜏𝐴𝐴𝑛
∗∗ + 𝜏𝑄𝑄𝑛

∗∗ + 𝑚𝐺𝑛
∗∗)        (36) 

𝐴∗∗ =
1

𝜐
[˄1 +

𝜂1𝛼

𝑘1
+

𝜂2𝜎𝛼

𝑘1𝑘2
𝐷𝑛

∗∗]        (37) 

 
E. THE BASIC REPRODUCTION NUMBER 
The basic reproduction number, also represented as R0, is the average number of secondary cases 

produced when a single infected drug abuser is introduced into a population. It can be used to 

provide insight into the potential spread of drug abuse. This threshold parameter is crucial for 

determining whether an infection will establish itself within a population or fade away. The 

computation of R0 can be performed using the next-generation matrix approach, initially 

introduced by [3] and subsequently refined by [21] and [5]. The basic reproduction number serves 

as a key factor in estimating the stability of the drug-free equilibrium (DFE). If R0 < 1, the drug-

free equilibrium is locally asymptotically stable, implying that drug abuse will not persist in the 

population. Conversely, if R0 > 1, the DFE becomes unstable, allowing for the potential spread of 

drug abuse  

R0 = 𝜌(𝐹𝑉−1) 

Where ρ denotes the spectral radius (dominant eigenvalue) 

Therefore, from the model 
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( )
( )nu na

i n n

n

S aS
F D A

N




+
= +         (38) 

( ) ( )

0 0

nu na nu na

n n

S aS S aS

F N N

 + + 
 

=  
 
 

       (39) 

Likewise 
( )

( )1

D n

i

n A n

D
V

D A

  

    

+ + 
=  

− + + + + 
      (40) 

1

0D

A

V
  

    

+ + 
=  

− + + + 
        (41) 

( )

( )( ) ( )

1

1 1

1
0

1

D

D A A

V
  



          

−

 
 + +
 =
 
 

+ + + + + + + + 

     (42) 

( ) ( )
( )

( )( ) ( )

1

1 1

1
0

1
0 0

nu na nu na
D

n n

D A A

S aS S aS

FV N N

 
  



          

−

 
+ +  + +  =   

    + + + + + + + + 

           

             (43) 

( )1

0R FV −=          (44) 

( ) ( )( ) ( )( )( ) ( )( )
( )( ) ( )( ) ( )( )

1 1 1 1

0

1 1 1

A

n D A

q q q
R

q q N

                

              

+  + + +  + + + + + + 
=

 + +  + + + + + + +
  (45) 

 

F. SENSITIVITY ANALYSIS OF MODEL PARAMETERS 
In this section, we perform a sensitivity analysis to determine the contribution of each parameter 

to the basic reproduction number. This analysis determines the contribution of each parameter 

value to the reproduction number, as reported by [17]. To quantify sensitivity, we employ the 

normalized forward sensitivity index, also referred to as the elasticity index [18]. This index 

measures the relative change in R0 concerning a relative change in a given parameter and is 

mathematically defined as: 
 

( )0 0

0

R

x

R x
S

x R


= 


          (46) 

Where 𝑥 represents any parameter in the model. 

 

Table 2: Model Parameters, Baseline Value and Source 

Parameter Value Source 

𝛼 0.3 [10] 

https://doi.org/10.5281/zenodo.23123971


Journal of Institutional Research, Big Data Analytics and Innovation 

 

431 
Volume 2, Issue 3, 2026 
https://doi.org/10.5281/zenodo.23123971  
 

𝜌 0.7 [16] 

˄1 10 Estimated 

˄ 3 Estimated 

𝜐 0.5 Estimated 

𝑞 0.2 Estimated 

𝜇 0.02 [10] 

𝜀 0.02 Estimated 

𝜏𝐴 0.25 [16] 

𝜏𝐷 0.01 [16] 

𝜎 0.03 Estimated 

𝛽1 0.3 [2] 

𝛽 0.3 [2] 

 

Table 3: Sensitivity Index of the Parameter Values 

Parameter Description Sensitivity Index 

𝛽 Initiation rate +1.0000 

  Human recruitment +1.0000 

𝛼 Progression rate from 𝐷𝑛 to 𝐴𝑛 +0.9792 

𝜌 Rate at which awareness programs move susceptible 

unaware to susceptible aware 
+0.8572 

˄1 Growth influx of awareness +0.8572 

𝜐 The time rate of decay of drug addiction prevalence +0.0696 

𝑞 Rate at which Sna  loses awareness +0.0633 

𝜇 Natural death −0.1596 

𝜀 Relative influence of drug users compared to abusers +0.0385 

𝜏𝐴 Progression rate from 𝐴𝑛 to 𝑅𝑛 −0.4006 

𝜏𝐷 Progression rate from 𝐷𝑛 to 𝑅𝑛 −0.0303 

𝜎 Progression rate from 𝐴𝑛 to 𝑄𝑛 −0.0481 

𝛽1 Progression rate from 𝐴𝑛 to 𝐺𝑛 −0.4807 
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Figure 2: Sensitivity Indices Chart 

 

Table 3 presents the sensitivity indices of the effective reproduction number with respect to the 

model parameters. The results (sensitivity indices) establish that the drug epidemic is primarily 

driven by initiation 𝛽 and human recruitment  , both exhibiting the maximum positive index of 

+1, which underscore primary prevention as the single most essential control strategy. The rapid 

escalation from casual drug use to chronic abuse  further highlights the necessity for early 

intervention before addiction fully take hold. On the control side, transitioning active abusers into 

guidance and counseling programs 1  serves as the primary protective mechanism against the 

epidemic, closely supported by movement into recovery A . While awareness parameters ( )1,   

exert a surprisingly high positive influence within this model structural formulation, secondary 

factor such as high mortality  , loss of awareness q, and early recovery from casual use D  play 

comparative minor roles in overall threshold dynamics. Ultimately, public health strategies must 

balance top-of-funnel prevention to restrict initial entry with robust counselling infrastructure to 

pull active abusers out of transmission pathways. 

 

G. DISCUSSION OF RESULTS 
The section gives a presentation together with an interpretation of the sensitivity analysis of the 

basic reproduction number, 𝑅0, with regard to the key model parameters. As the number 𝑅0 

determines the stability of the drug-free equilibrium (it shows that drug use cannot persist in the 

population when 𝑅0 is less than 1), examining how 𝑅0 responds to changes in the parameters helps 

in identifying the most effective control strategies. As shown in Figure 3, 𝑅0 decreases steadily as 

the progression rate from drug abusers to disabled addicts (σ) increases, falling from about 0.38 

when σ is 0 (with ρ equal to 0.1) to 0.15 when σ is 1. This result is to be expected since the active 

abusers (𝐴𝑛) are the main source of the pressure to initiate drug use, while the disabled addicts 

(𝑄𝑛) are removed from the transmission chain; faster progression out of the abuser group reduces 

the number of people who can transmit the disease and thus leads to a lower 𝑅0. The figure also 
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shows that greater awareness (ρ) results in a lower 𝑅0, the lowest value occurring when ρ is 0.5 

and the highest when ρ is 0.1. The fact that the curves for ρ = 0.5 and ρ = 0.3 are so close together 

indicates that the returns diminish. Awareness campaigns are most effective when the level of 

efficacy increases from low to moderate levels, with only limited extra benefit being obtained at 

higher levels. 

As illustrated in Figure 4, 𝑅0 increases almost linearly with the transmission rate of drug initiation 

(β), going from 0 when β is 0 to about 0.9 when β is 1. This shows that β is the main factor affecting 

𝑅0. The awareness curves are very close to one another, with only small variations at higher values 

of β (the lowest correlation being ρ = 0.9 and the highest ρ = 0.5), which proves that when β is 

high, awareness has only a small effect on 𝑅0. It follows that it is necessary to reduce β, for instance 

by limiting the availability of drugs and peer contact, since awareness measures on their own are 

not sufficient to make up for a high initiation rate. 

Figure 5, the basic reproduction number 𝑅0 decreases in a convex manner as the recovery rate 

from drug users (
D ) increases, falling from about 0.28 when 

D  is 0 to around 0.10 when 
D  is 

1, with the largest decrease occurring at smaller values of 
D . This shows that gradually moving 

drug users into the recovered category via treatment, guidance and counselling not only reduces 

the number of people who use drugs but also lowers 𝑅0. The order according to ρ is kept (ρ = 0.5 

being the highest and ρ = 0.9 the lowest), although the curves for ρ = 0.7 and ρ = 0.9 are almost 

identical once more showing that there is saturation in the benefits of awareness. The results 

indicate that early intervention with current drug users is very effective, and the initial 

improvements in treatment and recovery rates produce the greatest reductions in 𝑅0. 

A similar trend is observed in Figure 6 for the recovery rate among drug abusers ( A ):𝑅0 decreases 

in a convex manner from about 0.46 when A  is 0 to 0.14 when A  is 1. As the abusers (𝐴𝑛) are 

the most active transmitters, moving them into recovery has a greater impact on 𝑅0 than the 

corresponding pathway for drug users (𝐷𝑛). The curves for ρ = 0.7 and ρ = 0.9 are almost identical, 

with ρ = 0.5 being slightly higher, once more showing the effect of diminishing returns. The 

intensive rehabilitation of abusers together with awareness campaigns is one of the most effective 

control measures. 

The trend shown in Figure 7 for the rate at which awareness declines (q) is that 𝑅0 increases 

steadily and in a concave manner with q, varying from about 0.25 to 0.28 when q is 0 to 0.37 to 

0.45 when q is 1, according to the value of ρ. As awareness fades, more people who are susceptible 

return to the high-risk category and thus the population's vulnerability to drug use increases. The 

large difference in values between ρ = 0.1 and ρ = 0.5 when q = 1 shows that the advantages of 

having awareness disappear quickly if it is not continuously maintained. Sustained, repeated 

campaigns that keep q low are essential, since short-term interventions become ineffective quickly, 

especially when programme effectiveness is low. 

To sum up, these findings show a clear order of control measures. Since the transmission rate β is 

the main factor affecting 𝑅0, decreasing drug initiation should be the most important intervention. 

The rates of recovery and progression ( A , D , and σ) all have a effect in reducing 𝑅0, with the 

rate associated with the abuser-to-recovered transition ( A ) having the largest impact. The rate at 

which awareness wanes, q, is a major risk factor that raises 𝑅0. Even though awareness (ρ) always 

leads to a reduction in 𝑅0, diminishing returns are seen at higher levels, which means that 

awareness should be used in addition to, not as a substitute for, direct treatment and strategies 
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aimed at reducing drug initiation. 𝑅0 stays below one for all ranges of the parameters, showing 

that the drug-free equilibrium is locally stable. Nevertheless, as 𝑅0 approaches one, the decline in 

drug use slows down and the temporary burden rises. It is necessary to reduce 𝑅0 by increasing A

, 
D , and σ; decreasing q; lowering β; and having a moderately high ρ in order to shorten the 

epidemic and reduce its peak impact. 

 
Figure 3: Effect of Awareness on R0 and 

Progression Rate from An to Qn 

 

 
Figure 4: Effect of awareness on R0 and 

transmission rate of drug initiation 
                                                           

 
Figure 5: Effect of awareness on R0 and 

progression rate from Dn to Rn. 

 
Figure 6: Effect of awareness on Ro and 

transmission rate from An to Rn 
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Figure 7: Effect of awareness on R0 and 

Rate at which Sna lose awareness  

 

 

III. LIMITATIONS OF THE STUDY 
This study has some limitations. The model assumes homogeneous population mixing and 

deterministic dynamics, which may not accurately represent real-world social interactions. Because 

epidemiological data are limited, we estimated some parameters, which may reduce the accuracy of 

the simulation results. As a result of these assumptions and parameter assessments, the qualitative 

results remain valid, such as the finding that primary prevention reduces initiation and counselling 

lowers chronic prevalence. However, quantitative predictions, including specific target rates for 

intervention or precise timelines for eradication, should be regarded as illustrative rather than 

definitive policy recommendations. 

 

IV. CONCLUSION 
In this study, a deterministic mathematical model was developed to evaluate the dynamics of drug 

abuse in the presence of media-driven awareness programs, guidance and counseling interventions. 

Comprehensive qualitative analysis confirmed the positivity and epidemiological feasibility of the 

system, establishing R0 as the sharp threshold parameter for epidemic persistence versus elimination. 

Sensitivity analysis revealed that the drug epidemic is overwhelmingly driven by the initiation rate (

 ) and recruitment ( ), demonstrating that primary prevention is the single most vital intervention. 

On the control side, transitioning active abusers into counseling and recovery ( A ) serves as the 

primary protective mechanism against population-level spread. Numerical simulations validated the 

analytical results, showing that while awareness (  ) consistently reduces R0, it exhibits diminishing 

returns at high coverage levels and wanes rapidly if not maintained. Consequently, effective public 

health policy must adopt a dual strategy: combining upstream prevention to restrict initial drug entry 

with robust counseling infrastructure to pull active abusers out of transmission pathways, supported 

by sustained, long-term public awareness campaigns. 
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