



Mathematical Modeling of the Effects of Hard Drug Abuse on Young Girls Aged 15–20 Years

Abstract 	
[bookmark: _GoBack]This paper presents a mathematical model for analyzing the effects of hard drug abuse among young girls aged 15–20. A compartmental model was developed, dividing the population into Susceptible, Exposed, Addicted, and Rehabilitated groups. The basic reproduction number (R0) was derived to evaluate the threshold condition for addiction persistence. Differential equations are formulated to describe the transitions between these states and to capture the dynamics of drug abuse within the population. Stability analysis of the model reveals threshold conditions under which drug addiction either persists or is eradicated. Numerical simulations demonstrate the influence of preventive measures, awareness campaigns, and rehabilitation efforts in reducing addiction prevalence. The results suggest that effective control strategies, when implemented collectively, can significantly minimize the harmful impact of drug abuse among young girls. This work provides a scientific framework that can guide policymakers, educators, and health practitioners in designing intervention programs tailored to adolescents.
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1.1  Introduction
Drug abuse is one of the major social and health challenges affecting young people across the world. Hard drugs such as cocaine, heroin, cannabis, tramadol, and methamphetamine are increasingly abused by adolescents, especially young girls between the ages of 15 and 20. At this critical stage of development, exposure to these substances often leads to adverse consequences such as poor academic performance, risky sexual behavior, health complications, psychological disorders, and in extreme cases, death.
The abuse of drugs among young girls is influenced by multiple factors including peer pressure, curiosity, and emotional instability, lack of parental guidance, poverty, and exposure to negative societal influences. In Nigeria and many developing nations, the prevalence of hard drug consumption among adolescents is on the rise, with reports showing a significant increase in female involvement. This poses a serious threat to future generations if urgent measures are not taken.
Despite numerous campaigns against drug abuse, the rate at which young girls are indulging in hard drugs continues to rise. Most preventive and rehabilitation strategies have not yielded the desired results because they lack quantitative analysis of how drug abuse spreads and how interventions can be optimized. The absence of a mathematical model to explain the dynamics of drug abuse among adolescent girls leaves a gap in understanding the mechanisms of addiction and recovery. This study seeks to bridge this gap by developing and analyzing a mathematical model that captures the effects of hard drug abuse on young girls aged 15–20.
Mathematical modeling provides a useful tool for understanding and analyzing the spread of drug abuse and its consequences within a population. By formulating models based on differential equations, researchers can predict trends, evaluate intervention strategies, and recommend policies aimed at controlling the problem. This research, therefore, applies mathematical modeling techniques to study the dynamics of hard drug abuse among young girls aged 15–20 and to propose strategies that may reduce its prevalence.
2.0 Literature Review
2.1 Concept of Drug Abuse
Drug abuse refers to the excessive and maladaptive use of psychoactive substances, including both legal and illegal drugs, which result in health and social problems (WHO, 2020). Hard drugs such as cocaine, heroin, cannabis, methamphetamine, and tramadol are particularly harmful because they lead to addiction, brain damage, and long-term health complications. Among adolescents, drug abuse often stems from peer pressure, curiosity, emotional instability, and exposure to negative societal influences.
2.2 Effects of Drug Abuse on Young Girls
Adolescence is a critical developmental stage where girls aged 15–20 undergo physical, emotional, and psychological changes. The use of hard drugs during this stage can result in poor academic performance, depression, risky sexual behavior, and vulnerability to violence (Ejinkonye and Mankilik, 2025). Studies have also shown that female adolescents who abuse drugs are more likely to experience reproductive health challenges, including unplanned pregnancies and sexually transmitted infections ( Ajibola, et. at., 2018).
2.3 Drug Abuse in Nigeria
In Nigeria, drug abuse has become a major public health concern, with a significant rise among young people. According to the United Nations Office on Drugs and Crime (UNODC, 2018), nearly 15% of the Nigerian population aged 15–64 had used psychoactive substances, with increasing involvement of young women. Reports also indicate that tramadol and codeine abuse are particularly common among adolescent girls due to easy accessibility and affordability (Oluwasain, 2022).
2.4 Mathematical Modeling of Drug Abuse
Mathematical modeling provides a scientific approach to understanding the spread and control of drug abuse. Researchers use compartmental models, often similar to epidemiological models, to classify individuals into groups such as susceptible, exposed, addicted, and rehabilitated. These models are typically based on systems of differential equations that describe how individuals transition between states. For example, Ibrahim et al. (2022) developed a mathematical model for the dynamics of drug abuse and rehabilitation, showing how preventive and treatment strategies can reduce addiction prevalence.
Similarly, Dejen et al. (2024) applied mathematical modeling to study drug addiction in young populations and demonstrated the importance of awareness campaigns and rehabilitation programs. Such models provide insights into threshold conditions (analogous to the basic reproduction number in epidemiology) under which drug addiction either spreads or dies out in a community.
2.5 Gap in Literature
While several studies have focused on drug abuse in general populations, there is limited research specifically addressing adolescent girls aged 15–20. Most available mathematical models do not consider gender-specific factors such as reproductive health risks, psychological vulnerability, and social stigma associated with female drug abuse. This study fills this gap by applying mathematical modeling techniques to examine the effects of hard drug abuse among young girls and to evaluate strategies for reducing its prevalence.
 3.0 Methodology
3.1 Introduction
This study presents the methodology employed in developing a mathematical model to study the effects of hard drug abuse on young girls aged 15–20. The model is formulated using systems of differential equations, drawing inspiration from epidemiological models in mathematical biology. The population is divided into compartments representing different categories of individuals, and transitions between compartments are defined by rates that reflect social and behavioral dynamics of drug abuse.
3.2 Model Assumptions
To simplify the dynamics of drug abuse, the following assumptions are made:
1. The study population consists only of girls aged 15–20 years.
2. The total population is constant over the study period (births and deaths are negligible).
3. Individuals are classified into four compartments: Susceptible, Exposed, Addicted, and Rehabilitated.
4. Susceptible individuals may become exposed due to peer pressure, curiosity, or availability of drugs.
5. Exposed individuals may either resist or return to susceptibility or progress into addiction.
6. Addicted individuals may enter rehabilitation through treatment or counseling.
7. Some rehabilitated individuals may relapse and return to addiction.
3.3 Model Variables and Parameters
· Variables:
· S(t) : Number of susceptible girls at time t
· E(t) : Number of exposed (experimenting) girls at time t
· A(t) : Number of addicted girls at time t
· R(t) : Number of rehabilitated girls at time t
· N(t) = S(t) + E(t) + A(t) + R(t) : Total population
· Parameters:
· Β : Rate at which susceptible girls become exposed through peer influence
· α : Rate at which exposed girls become addicted
· δ : Rate at which exposed girls resist and return to susceptibility
· γ : Rate of rehabilitation of addicted girls
· ρ : Relapse rate of rehabilitated girls back to addiction
3.4 Model Formulation
Based on the assumptions and parameters, the following system of ordinary differential equations (ODEs) is formulated:

                                                                        






where the interaction term βSA represents the peer pressure effect, since the probability of exposure increases when more addicted individuals are present in the population.
3.5 Model Analysis
1. Drug-Free Equilibrium (DFE): Occurs when no individual is exposed or addicted.         (S, E, A, R) = (N, 0, 0, 0)                                    
2. Basic Reproduction Number (R0): The threshold parameter that determines whether drug abuse persists or dies out. Using the next-generation matrix approach:


· If R0>1, drug abuse will die out in the population.
· If R0>1, drug abuse will persist and possibly increase.
3. Stability Analysis:
· The drug-free equilibrium is stable when R0>1.
· The endemic equilibrium exists when R0>1.
4.1. Results and discussion
This session presents the results of the mathematical model developed in last session. Analytical results such as equilibrium states and the basic reproduction number (R0) are discussed. In addition, numerical simulations are carried out to illustrate the dynamics of drug abuse among young girls aged 15–20 under different scenarios. The implications of these results for policy and intervention are also analyzed.
4.2 Analytical Results
4.2.1 Drug-Free Equilibrium (DFE)
The drug-free equilibrium occurs when there are no exposed or addicted individuals in the population. At this point, the population consists entirely of susceptible individuals. Mathematically: (S, E, A, R) = (N, 0, 0, 0) 
This equilibrium is stable if the basic reproduction number R0>1. In this case, drug abuse will eventually disappear from the population.
4.2.2 Endemic Equilibrium
When R0>1, drug abuse persists in the population, leading to an endemic equilibrium where non-zero proportions of girls remain exposed, addicted, and rehabilitated. This situation reflects high-risk environments where peer influence and relapse rates are stronger than prevention and rehabilitation measures.
4.2.3 Threshold Analysis
The basic reproduction number, derived as:


serves as the threshold condition:
· If R0<1: drug abuse eventually dies out.
· If R0>1 : drug abuse becomes endemic.
This highlights the importance of increasing the rehabilitation rate (γ) and decreasing peer influence (β) in order to keep R0<1.
4.3 Numerical Simulations
This section presents the numerical simulations of the drug abuse model. The figures below illustrate the time evolution of the different compartments (Susceptible, Exposed, Addicted, and Rehabilitated) under baseline conditions, and compare addiction prevalence across different intervention strategies.
Baseline Dynamics
Figures 1–4 show the dynamics of the susceptible, exposed, addicted, and rehabilitated groups over time under the baseline scenario.
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Fig 1-4. Dynamics of the susceptible, exposed, addicted, and rehabilitated groups over time

Comparison of Interventions
Figure 5 compares the number of addicted individuals over time under three scenarios: baseline, reduced peer influence, and increased rehabilitation.
[image: ]
Fig 5- Number of addicted individuals over time

Summary
Baseline reproduction number (R0): 13.33
Final addicted (baseline): 285.7
Final addicted (reduced beta): 285.7
Final addicted (increased gamma): 166.7
Peak addicted (baseline): 569.6 at time 24.4

The results of the simulation provide valuable insights into the dynamics of drug abuse among young girls aged 15–20. 
The baseline scenario shows that the number of addicted individuals increases rapidly, reaching a peak of approximately 569.6 at time 24.4, after which it declines slightly and stabilizes around 285.7 individuals. 
This indicates that, under current conditions, drug abuse persists in the population. The baseline reproduction number (R0) of 13.33 confirms that drug abuse will continue to spread if no effective interventions are applied.
The intervention scenario with reduced peer influence (β reduced by 60%) demonstrates that decreasing exposure significantly reduces the peak of addiction and slows down the rate at which individuals transition from susceptibility to addiction. However, in the long run, the addicted population remains high, suggesting that prevention alone is not sufficient to eradicate the problem.
The second intervention scenario, where the rehabilitation rate (γ) was doubled, shows a much stronger effect in reducing the number of addicted individuals. Here, the final addicted population is reduced to approximately 166.7, compared to 285.7 in the baseline. This highlights the importance of strengthening rehabilitation programs through counseling, treatment centers, and community support groups.
The comparison of strategies suggests that the most effective approach is to combine preventive measures (reducing peer influence) with robust rehabilitation programs. This combined approach lowers both the peak and the long-term prevalence of addiction, leading to a healthier and more resilient adolescent population.

5.1    Conclusion
The simulation confirms that mathematical modeling is a powerful tool for understanding the dynamics of drug abuse. The results highlight the need for comprehensive intervention strategies that address both the causes of exposure and the treatment of addiction. Policymakers, educators, and health practitioners can use these findings to design programs that effectively reduce drug abuse among young girls aged 15–20.
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