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ARTICLE INFO ABSTRACT
Article history: Marijuana is an illicit narcotic with multiple negative health effects as it continues to
Received 20 May 2023 pose a severe danger to the health of people in emerging regions. Marijuana is spread

Received in revised form 5 September 2023 through interactions between users and non-users. This study utilizes first-order non-
Accepted 12 September 2023 linear ordinary differential equations to modify the Non-user, Experimental,
Available online 1 October 2023 Recreational, and Addicted (NERA) users’ model by adding a new class known as the
hospitalized class of marijuana smokers. Moreover, this paper focuses on validating the
NERA model using the sensitivity analysis concept. The NERA model presented in a
previous study for marijuana usage among the target population consists of four distinct
stages: the first stage is known as the non-user stage and is represented by the letter N;
the second stage is known as the experimental stage of marijuana smoking and is
represented by the letter E; the third stage is known as the recreational stage of
marijuana smoking and is represented by the letter R; the fourth stage is represented
by the letter A; and this last stage is known as the addicted stage of marijuana smoking.
The suggested mathematical method achieved the reproduction number (R,) for
marijuana use. The results of the sensitivity tests indicate how crucial a variety of
variables are to the spread of marijuana. The parameters that have a key impact on
marijuana consumption were discovered based on sensitivity analysis. All these
procedures, including the reproductive number and invariant region, using the

Keywords: sensitivity analysis concept were utilized to validate the updated model. In this study,
Modified NERA Model; invariant region;  the NERA model is modified by utilizing first-order non-linear ordinary differential
reproduction number; sensitivity equations. Furthermore, as demonstrated by the graphical and technique sections, the
analysis; validation proposed modified models were successfully validated for improved performance.

1. Introduction

The aim of this paper is to modify the NERA model by incorporating a new component and
validate the modified model for further performance. War and terrorism are two factors that hinder
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a nation's development, but so can drug abuse among the population. The term "drug" describes a
pharmaceutical ingredient used to expedite any chemical method occurring in the nervous system,
including treating disease and enhancing mental function. There are many different forms of drugs,
with marijuana serving as the primary focus of my research study. Marijuana use is frequently seen
as a red flag for other illegal substances or as a "gateway" drug for more dangerous substances.
Youths using gateway drugs or more likely to move on to other, more dangerous drugs. One of the
most widely used illicit substances worldwide is marijuana, also known as Indian hemp, hay, pot,
vape, tough, herb, flame, dried, reefer, grub, cannabis, etc. [1]. The idea that the heaviest drug users
start with the least harmful drugs provides the gateway concept for drugs. It is similar to stairs leading
from light to heavy narcotics, i.e., tobacco to ice, heroin, beer, etc. [2]. The usage of marijuana is a
serious public health issue [3]. The most often used illegal substance in the US is marijuana. According
to recent research, 18.7 million Americans acknowledged smoking marijuana, and 75% of cannabis
smokers said they used it consistently [4].

In addition, 72 million Americans have smoked cannabis at least once. The outcomes of Ref. [5]
showed a tendency towards a rise in the percentage of people who disclose using marijuana in
emergency rooms, with some major cities reporting rises of up to 121% between 1999 and 2000.
Besides that, marijuana hospitalizations at substance misuse center’s increased by double from 1992
to 1997, accounting for 25% of all patients [4]. Eight states have legalized marijuana for recreational
use, and 29 states and the District of Columbia have laws concerning medical marijuana (MMLs) [5].
The probability of marijuana use may rise if the drug is legalized at the state and local levels [6-8].

The risk of consuming other drugs, such as cigarettes, is raised when marijuana is used [9,10].
These studies investigate the eight-fold higher risk of starting to smoke cigarettes that marijuana use
is connected to Ref. [11] cigarettes and marijuana use carries a potential risk [12].

Both medicinal and pleasure-seeking uses have seen an increase in legalization in recent decades
at the national level. Eleven states, as well as the District of Columbia, presently allow the use of
marijuana for recreational purposes, and additional states are considering adopting similar laws. As
of July 2019, medicinal cannabis was accepted in 33 states. Several reports have indicated increased
cannabinoid-related negative health consequences due to rising marijuana usage patterns and
intensity [13]. However, most of these correlations are determined by case studies, published cases,
or direct observations [14].

According to this research, 2.3% of the 89.6 million people in the US who acknowledged using
cannabis in 2015-2016 had heart disease. These results were, however, exposed to response bias
because of the significant non-response bias. Using administrative classification, an examination of
the National Inpatient Sample (NIS) from 2010 to 2014 revealed 465,959 hospitalizations of
individuals with a record of cannabis use (approximately 2.3 million adjusted hospitalizations in the
US population). Mellitus, sudden infarction, and vague chest pain were the most typical primary
indication for non-psychiatric discharges. It is significant to note that individuals with peripheral
arterial diseases and myocardial atherosclerosis individually posed the highest chances of in-hospital
death [15]. According to the results of the National Survey on Health and Drug Use, conducted
annually among the general, quasi-American population, more than 39 million people have reported
using cannabis in the previous year in both 2016 and 2017. Men consume cannabis more frequently
than women; this gender imbalance grew from 2007 to 2014.

Those with medical illnesses were substantially more inclined to report heavy cannabis use,
according to a new analysis of the behavioral risk factors surveillance system [16].

Cannabis sativa, a kind of hemp, is the hemp plant whose leaves, flowers, stems, and seeds are
dried and shredded into marijuana. It is typically smoked in tubes or palm cigars. Nonetheless, some
users brew it as tea or blend it with food. It is crucial to remember that when marijuana is smoked,
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the effects begin to take effect practically immediately and last for one to three hours. On the other
side, eating cannabis in food prolongs the endurance of the impact. Delta-9-tetrahydrocannabinol
(THC) is the primary psychoactive component in cannabis. THC interacts with the endocannabinoid
system, which is on neurons throughout the brain. Mainly, cannabinoid receptors are present in the
brain regions involved in enjoyment, learning, thought, attention, subjective experience, and
regulated activity. Smoking marijuana raises the likelihood of lung infections and cardiac arrest by
more than four times within the first hour of consumption. Even worse, a sizable retrospective study
revealed that individuals who start using cannabis as adolescents have a considerable drop in their
IQ and that their lost mental skills were never recovered when this population finally stopped using
cannabis in adulthood [17]. Commercial hemp milk and other cannabinoid-free hemp solutions are
readily accessible. Many nations, including Spain, China, Korea, Japan, France, and Ireland, allow the
legal cultivation of hemp. The hemp plant also yields marijuana, primarily found in "buds." Smoking
tobacco has the same leukemias elements as tobacco smoke [18]. The dried leaves, flowers, stems,
and seeds of the Cannabis sativa or Cannabis indica plant are also combined to make marijuana.
More than 100 molecules chemically related to THC, the main psychotropic component in marijuana,
are also present in the marijuana Indica plant, along with 400 other substances [19]. As more states
legalize these items for therapeutic and social reasons, cannabis usage and its variations are rising.
[7,20]. The American Heart Association has issued remarks regarding the legalization of vaporizers
and the increased use of new nicotine products, including e-cigarettes and shisha [21,22].

In the United States, alcohol and marijuana are two of the most popular drugs among young
adults. 42% of young individuals aged 19 to 30 and 82% overall reported using marijuana and alcohol
in the previous year.1 Both of these medications have a variety of potential short- and long-term
dangers and negative effects [23,24]. Recent research has focused on developments in
simultaneously use, including how modifications in consumption of marijuana are related to
transforms in consumption of alcohol and if use of the two drugs is based on replacement (i.e., one
substitutes use of the other) effects. It might be challenging to summarize the literature specifically
on simultaneous alcohol and marijuana (SAM) use because operationalizations of SAM use vary and
the same phrases are frequently applied to SAM use and simultaneous use [25-28].

The author of this article provided a summary of the peer-reviewed research on marijuana use in
people aged 50 and older, including marijuana use patterns, marijuana use relationships, and
marijuana use prevalence. Based on observations of the population, marijuana use has increased
most among adults 50 and older. Compared to recreational use, a higher percentage of adults in the
older adult group used marijuana for medical purposes; older marijuana users utilized medical
marijuana in a variety of ways depending on the state. Male gender, single status, multiple chronic
conditions, and psychological stress were all associated with marijuana use among older adults. The
way these characteristics were addressed in the publications we analyzed differed depending on race
and educational attainment [29].

The probabilistic model for the regulation of marijuana spread was developed by Yusuf et al.,
[30]. As control methods, a campaign for awareness, rehabilitation, and education were
implemented. To determine the best arrangement of preventive actions that would reduce the cost
and spread of marijuana use in a community, various treatments are put under optimal control. The
characteristics of illegal marijuana consumption in a certain population were mathematically
formulated by Dauhoo et al., [1]. The population at large both used and did not use substances. Three
additional categories-recreational (R), experimental (E), and addicted (A), are used to categorize
marijuana users further. The aim of this paper to modify and validate the NERA model. The model,
which integrates population structure and cannabis usage, is known as the NERA model [1] (refer to
Figure 1) and is the following set of differential equations
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Fig. 1. A geometric illustration of the existing model
2. Model Formulation

In this portion, a new variant of the NERA model (refer to Figure 2) will be developed, from the
perspective of a global outbreak. The overall population is divided into two main stages, marijuana
users and non-users. Four categories of users are distinguished, each illustrating a different stage on
the pathway to addiction. These classes include susceptible persons (S), experimental subjects (E),
casual smokers (C), addicts (A), and hospitalized subjects (H). Eq. (2) shows the total population T(t)
attime 't’

T(t) = Ns(t) + Es(t) + Rs(t) + Ag(t) + Hg(2). (2)

The following set of first-order non-linear ordinary differential equations represents marijuana
smokers’ general behaviors

dNS/dt = £ — (cRs — c345 + WNs + ¢c,Eg + c4Rs + ¢;Hs,

dES/dt = cRsNs — (¢ + ¢ + WEg,

dRS/dt = ¢345Ns + ¢1Eg — (¢4 + ¢5 + PR,

dAS/dt = csRs — (c6 + WA,

dHS/dt = ¢eAs — (¢7 + WH. (3)
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Fig. 2. A geometric illustration of the modified model

The parameter explanations are listed in the table 1 below.

Table 1

Explanations of the parameters

Notations Parameters Values References

£ Individuals birth rate 0.0015875day ! [31]

c Impact of users (in an experiment) 0.446day™! [1]
relative to non-users (susceptible)

Cq The percentage of users who are 0.5day™?! [1]
experimentally compared to those that
are casual

Cy Percentage of test drug users who gave 0.17day™?! [1]
up smoking upon receiving guidance

C3 Addicts' amount of influence over non- 0.001201day™?! Assumed
addicts (susceptible)

Cy Probability of occasional cannabis 0.0002day ™! Assumed

smokers quitting because of the
surroundings

Cs How often do average users develop 0.025day ™! [1]
addictions when the transition phase is
over?

Ce Probability of drug addiction resulting 0.22day™! Assumed

in hospital admissions because of
widespread marijuana use

cy Addicts' probability of rehabilitation 0.2010day ! Assumed
after medication
8 Individuals’ death ratio 0.006day‘1 [31]

2.1 Invariant Region

Since the suggested model's system parameters and characteristics (state variables) are all
relevant to the real-life human community, we assumed they are all non-negative at time t = 0. This
includes the behavior of the whole population of humans, where the non-linear system below
illustrates the overall population
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K = Ng + Eg + Rg + Ag + Hs. (4)
Eq. (4) is solved to obtain

K =£—uK, ()
Eq. (5) gives us

K =£ < uK, (6)
By solving Eq. (6), we get

K < K(0)e™™ +§(1 —elt)y=s K< 2 when t -» o0 (7)

In accordance with the previous analysis, we propose the following claim:
2.2 Proposition

The area of the proposed model is given by
X = |(Ns, Es, Rs, As, H)e RS, K <= | (8)

It is a positively invariant domain, the model is well-formulated from an epidemiological and
mathematical perspective [31], and all the pathway borders are in the forward direction. It means
that the population is bound. It is the first step to prove the validation of the formulated model.

3. Reproduction Number (R,)

The basic R, which is read "R nought," is meant to measure the rates of addiction/infection or
transmissibility of pathogenic and parasitic organisms. R, is frequently used in the literature on
epidemiology and public health as well as in the media [32,33]. There is a discussion of the
population's initial marijuana prevention rate. Reproductive frequency is the initial propagation rate,
represented by (R,): A well-known technique called the "Next Generation Matrix Technique" is used
to establish the starting network throughput (reproduction number).

As

Ro = p(FV~1) [31,34]. (9)

where provides the spectral range. Moreover, the Jacobian of ‘¢’ is F = I
F1 CRgNg

F(F) (AN) (10
F3 0

The column in Eq. (10) represents the people who develop an addiction
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d(F1)

9(F1)
0(Es)
T = 9(f2)

9(Rs)
0(f2)

9(Rs)
0(f3)

3(f1)

0(As)

a(m)_ 0 cNs 0
=0 0 «c3Ng| (11)

0(Es)
\a(Fs)
0(Es)

0(Rs)

0(As)
a(Fs)/
0(As)

For simplicity, we write Eq. (11) as

0 0
0 0

0 "
=~

O )
)]

5 )
0/ (mMrE)

(12)

In a similar way, the Jacobian of “v” is: V = 7, where

Vi
V = <V2> =
V3

—(€1 + ¢z + WEs

c1Es — (c5 + c4 + WRs |.

(13)

csRs — (cg + WAs

The people who enter or quit the affected class, except those who come from the susceptible
class, are shown in the column of the matrix 'V’ (Eq. (13))

0(vy) 9(vy) 9(vy)
d0(Es) O0(Rs) 0(As)
_ 0(vz) 9(vz) 0d(v2)
V=156 ke oGy | (14)
d(v3) a(v3) a(v3)
d(Es) 9(Rs) 0(As)
_(Cl + CZ + u) 0 0
V= c —(cs+c+1) 0 . (15)
0 Cs _(C6 + IJ') (MFE)
For simplicity, we write Eq. (15) as
P10 0
0 0 3/ (mFE)
The dominant Eigenvalue of (FV~1) and hence R, is
_ CcxN*Cq
mo B (131*I32 )' (17)
_ cc, £
mo - \/(C1+Cz+u)(05+c4+u)u' (18)

4. Sensitivity Analysis of (R,)

The ratio of the corresponding difference in the variable to the relative change in the parameter
is known as the normalized forward sensitivity index of a variable to a parameter. Objective functions
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define the sensitivity index if the variable is a differentiable parameter function [35]. For example,
the following is the definition of the normalized forward sensitivity index of a variable B whose
differentiability depends on a parameter N

(19)

The multiple correspondence indices are provided in Table 2.

Table 2

Parameters Sensitivity Indexes

Parameters Parameters values Sensitivity indexes
£ 0.0015875 +0.5000

1l 0.066 -0.6372

Cs 0.25 -0.4006

Cy 0.002 -0.0032

Cy 0.17 -0.1164

c1 0.5 +0.1575

(4 0.446 +0.5000

5. Results and Discussion

The following resultant figures predict the results of the indicated methods. We have assumed
Ng(0) = 1000, Eg(0) =20, Ag(0) =20, Rs(0) =20, and Hg(0) = 10. We employ the RK-4
Method to produce the graphical findings using MATLAB programming language.

From the two figures, it is seen that in Figure 3, there are approximately 230 people who will be
under control in 130 days. Whereas Figure 4 shows us that 290 persons will typically recover in 130
days. As a result, Figure 4, the outcome of the updated model for the addicted class, is more accurate
than Figure 3, the outcome of the existing model for the addicted class.

Behaviour of addicted Behaviour of addicted smokers
250 3006k 5 £
wio control
w L
200} g 20
=]
o
G 5 200}
S 150} ®
(0] (8]
“5 g 150@ El
2 100} 2
< > 100}
O @
C
50 A 50
0 (0], & = 0
0 50 100 150 200 0 50 100 150 200
Time(days) Time(days)
Fig. 3. displays the results of the addicted class Fig. 4. displays the results of the addicted class
(the existing model) (the updated model)
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6. Conclusion

This study's conclusion included an improved mathematical model of marijuana users and non-
users. Where the focus was on getting rid of the addicted class and comparing the result of this class
from both the existing and improved model for the validation of the model. This comparison showed
that the result indicated which model was more accurate for controlling marijuana smoking in the
population. Also, it was clear from the first stage (the invariant zone) that the population is bound
because the human population is positively invariant. The initial marijuana transmission rate (R,)
and its sociological analysis was shown to be significant. The proposed model was numerically
simulated using the RK-4 technique. In this study, the NERA model is modified by utilising first-order
non-linear ordinary differential equations. Furthermore, as demonstrated by the graphical and
technique sections, the proposed modified models were successfully validated for improved
performance. We therefore conclude that the updated model is demonstrated from the outcome of
all these processes used for its validation to be well accurate and valid to use going forward for the
prevention of marijuana smoking in the human population.

Acknowledgment

The first and third authors are thankful to Universiti Teknologi PETRONAS for providing postgraduate
assistantships. Kamal Shah and Abdeljawad would like to thank Prince Sultan University for their
support through the TAS research lab.

References

[1] Dauhoo, M. Z., B. S. N. Korimboccus, and S. B. Issack. "On the dynamics of illicit drug consumption in a given
population." IMA Journal of Applied Mathematics 78, no. 3 (2013): 432-448.
https://doi.org/10.1093/imamat/hxr058

[2] Bretteville-Jensen, Anne L., Hans O. Melberg, and Andrew M. Jones. "Sequential patterns of drug use initiation-Can
we believe in the gateway theory?." The BE Journal of Economic Analysis & Policy 8, no. 2 (2008).
https://doi.org/10.2202/1935-1682.1846

[3] Abuse, Substance. "Results from the 2005 national survey on drug use and health: national findings." http.//www.
oas. samhsa. gov/nsduh/2k5nsduh/2k5Results. pdf (2006).

[4] Steadman, Henry J., Martha Williams Deane, Joseph P. Morrissey, Mary L. Westcott, Susan Salasin, and Steven
Shapiro. "A SAMHSA research initiative assessing the effectiveness of jail diversion programs for mentally ill
persons." Psychiatric Services 50, no. 12 (1999): 1620-1623. https://doi.org/10.1176/ps.50.12.1620

[5] Sloboda, Z., and N. J. Kozel. "Understanding drug trends in the United States of America: the role of the Community
Epidemiology Work Group as part of a comprehensive drug information system." Bulletin on Narcotics 6, no. 1-2
(2003): 41-51.

[6] Wall, Melanie M., Ernest Poh, Magdalena Cerda, Katherine M. Keyes, Sandro Galea, and Deborah S. Hasin.
"Adolescent marijuana use from 2002 to 2008: higher in states with medical marijuana laws, cause still
unclear." Annals of epidemiology 21, no. 9 (2011): 714-716. https://doi.org/10.1016/j.annepidem.2011.06.001

[71 Cerda, Magdalena, Melanie Wall, Katherine M. Keyes, Sandro Galea, and Deborah Hasin. "Medical marijuana laws
in 50 states: investigating the relationship between state legalization of medical marijuana and marijuana use,
abuse and dependence." Drug  and  alcohol  dependence 120, no. 1-3 (2012): 22-27.
https://doi.org/10.1016/j.drugalcdep.2011.06.011

[8] Johnson, Julie, Dominic Hodgkin, and Sion Kim Harris. "The design of medical marijuana laws and adolescent use
and heavy use of marijuana: Analysis of 45 states from 1991 to 2011." Drug and alcohol dependence 170 (2017): 1-
8. https://doi.org/10.1016/].drugalcdep.2016.10.028

[9] Moss, Howard Barry, Chiung M. Chen, and Hsiao-ye Yi. "Early adolescent patterns of alcohol, cigarettes, and
marijuana polysubstance use and young adult substance use outcomes in a nationally representative sample." Drug
and alcohol dependence 136 (2014): 51-62. https://doi.org/10.1016/j.drugalcdep.2013.12.011

[10] Richter, Kimber P., Harsohena Kaur, Ken Resnicow, Niaman Nazir, Michael C. Mosier, and Jasjit S. Ahluwalia.
"Cigarette smoking among marijuana users in the United States." Substance Abuse 25, no. 2 (2005): 35-43.
https://doi.org/10.1300/J465v25n02 06

25


https://doi.org/10.1093/imamat/hxr058
https://doi.org/10.2202/1935-1682.1846
https://doi.org/10.1176/ps.50.12.1620
https://doi.org/10.1016/j.annepidem.2011.06.001
https://doi.org/10.1016/j.drugalcdep.2011.06.011
https://doi.org/10.1016/j.drugalcdep.2016.10.028
https://doi.org/10.1300/J465v25n02_06

Journal of Advanced Research in Applied Sciences and Engineering Technology
Volume 32, Issue 3 (2023) 1-11

[11]

(12]

[13]

(14]

[15]

(16]

(17]
(18]
(19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

(27]

(28]

Patton, George C., Carolyn Coffey, John B. Carlin, Susan M. Sawyer, and Michael Lynskey. "Reverse gateways?
Frequent cannabis use as a predictor of tobacco initiation and nicotine dependence." Addiction 100, no. 10 (2005):
1518-1525. https://doi.org/10.1111/j.1360-0443.2005.01220.x

Degenhardt, Louisa, Wai Tat Chiu, Kevin Conway, Lisa Dierker, M. Glantz, A. Kalaydjian, Kathleen Merikangas, Nancy
Sampson, J. Swendsen, and Ronald C. Kessler. "Does the ‘gateway’matter? Associations between the order of drug
use initiation and the development of drug dependence in the National Comorbidity Study
Replication." Psychological medicine 39, no. 1 (2009): 157-167. https://doi.org/10.1017/50033291708003425
Carliner, Hannah, Qiana L. Brown, Aaron L. Sarvet, and Deborah S. Hasin. "Cannabis use, attitudes, and legal status
in the US: A review." Preventive medicine 104 (2017): 13-23. https://doi.org/10.1016/j.ypmed.2017.07.008
Jouanjus, Emilie, Valentin Raymond, Maryse Lapeyre-Mestre, and Valérie Wolff. "What is the current knowledge
about the cardiovascular risk for users of cannabis-based products? A systematic review." Current atherosclerosis
reports 19 (2017): 1-15. https://doi.org/10.1007/s11883-017-0663-0

Desai, Rupak, Sofia Shamim, Krupa Patel, Ashish Sadolikar, Vikram Preet Kaur, Siddhi Bhivandkar, Smit Patel, Sejal
Savani, Zeeshan Mansuri, and Zabeen Mahuwala. "Primary causes of hospitalizations and procedures, predictors
of in-hospital mortality, and trends in cardiovascular and cerebrovascular events among recreational marijuana
users: a five-year nationwide inpatient assessment in the United States." Cureus 10, no. 8 (2018).
https://doi.org/10.7759/cureus.3195

Dai, Hongying, and Kimber P. Richter. "A national survey of marijuana use among US adults with medical conditions,
2016-2017." JAMA network open 2, no. 9 (2019): €1911936-e1911936.
https://doi.org/10.1001/jamanetworkopen.2019.11936

Barratt, Monica J. "Silk Road: Ebay for drugs: The journal publishes both invited and unsolicited
letters." Addiction 107, no. 3 (2012): 683-683. https://doi.org/10.1111/j.1360-0443.2011.03709.x

Morral, Andrew R., Daniel F. McCaffrey, and Susan Paddock. "Reassessing the marijuana gateway effect." The New
School Psychology Bulletin 1, no. 1 (2003): 61-65. https://doi.org/10.1037/e741632011-008

Alsherbiny, Muhammad A., and Chun Guang Li. "Medicinal cannabis—potential drug interactions." Medicines 6,
no. 1 (2018): 3. https://doi.org/10.3390/medicines6010003

Wilkinson, Samuel T., Stephanie Yarnell, Rajiv Radhakrishnan, Samuel A. Ball, and Deepak Cyril D'Souza. "Marijuana
legalization: impact on physicians and public health." Annual review of medicine 67 (2016): 453-466.
https://doi.org/10.1146/annurev-med-050214-013454

Bhatnagar, Aruni, Wasim Maziak, Thomas Eissenberg, Kenneth D. Ward, George Thurston, Brian A. King, Erin L.
Sutfin et al. "Water pipe (hookah) smoking and cardiovascular disease risk: a scientific statement from the American
Heart Association." Circulation 139, no. 19 (2019): e917-e936. https://doi.org/10.1161/CIR.0000000000000671
Bhatnagar, Aruni, Laurie P. Whitsel, Kurt M. Ribisl, Chris Bullen, Frank Chaloupka, Mariann R. Piano, Rose Marie
Robertson, Timothy McAuley, David Goff, and Neal Benowitz. "Electronic cigarettes: a policy statement from the
American Heart Association." Circulation 130, no. 16 (2014): 1418-1436.
https://doi.org/10.1161/CIR.0000000000000107

Johnston, Lloyd D., John E. Schulenberg, Patrick M. O'Malley, Jerald G. Bachman, Richard A. Miech, and Megan E.
Patrick. "Demographic Subgroup Trends among Young Adults in the Use of Various Licit and lllicit Drugs, 1988-2019.
Monitoring the Future Occasional Paper Series. Paper 95."Institute for Social Research (2020).
https://doi.org/10.3998/2027.42/162580

Duperrouzel, Jacqueline C., Karen Granja, lleana Pacheco-Coldén, and Raul Gonzalez. "Adverse effects of cannabis
use on neurocognitive functioning: A systematic review of meta-analytic studies." Journal of dual diagnosis 16, no.
1 (2020): 43-57. https://doi.org/10.1080/15504263.2019.1626030

Risso, Constanza, Sadie Boniface, Meenakshi Sabina Subbaraman, and Amir Englund. "Does cannabis complement
or substitute alcohol consumption? A systematic review of human and animal studies." Journal of
Psychopharmacology 34, no. 9 (2020): 938-954. https://doi.org/10.1177/0269881120919970

Terry-McElrath, Yvonne M., and Megan E. Patrick. "Simultaneous alcohol and marijuana use among young adult
drinkers: Age-specific changes in prevalence from 1977 to 2016." Alcoholism: Clinical and Experimental
Research 42, no. 11 (2018): 2224-2233. https://doi.org/10.1111/acer.13879

Black, Anne C., Ned L. Cooney, Carolyn E. Sartor, Albert J. Arias, and Marc I. Rosen. "Impulsivity interacts with
momentary PTSD symptom worsening to predict alcohol use in male veterans." The American journal of drug and
alcohol abuse 44, no. 5 (2018): 524-531. https://doi.org/10.1080/00952990.2018.1454935

Patrick, Megan E., Yvonne M. Terry-McElrath, Christine M. Lee, and John E. Schulenberg. "Simultaneous alcohol
and marijuana use among underage young adults in the United States." Addictive behaviors 88 (2019): 77-81.
https://doi.org/10.1016/j.addbeh.2018.08.015

26


https://doi.org/10.1111/j.1360-0443.2005.01220.x
https://doi.org/10.1017/S0033291708003425
https://doi.org/10.1016/j.ypmed.2017.07.008
https://doi.org/10.1007/s11883-017-0663-0
https://doi.org/10.7759/cureus.3195
https://doi.org/10.1001/jamanetworkopen.2019.11936
https://doi.org/10.1111/j.1360-0443.2011.03709.x
https://doi.org/10.1037/e741632011-008
https://doi.org/10.3390/medicines6010003
https://doi.org/10.1146/annurev-med-050214-013454
https://doi.org/10.1161/CIR.0000000000000671
https://doi.org/10.1161/CIR.0000000000000107
https://doi.org/10.3998/2027.42/162580
https://doi.org/10.1080/15504263.2019.1626030
https://doi.org/10.1177/0269881120919970
https://doi.org/10.1111/acer.13879
https://doi.org/10.1080/00952990.2018.1454935
https://doi.org/10.1016/j.addbeh.2018.08.015

Journal of Advanced Research in Applied Sciences and Engineering Technology
Volume 32, Issue 3 (2023) 1-11

[29]

(30]
(31]
(32]
(33]
(34]

(35]

Lloyd, Shawnta L., and Catherine W. Striley. "Marijuana use among adults 50 years or older in the 21st
century." Gerontology and geriatric medicine 4 (2018): 2333721418781668.
https://doi.org/10.1177/2333721418781668

Yusuf, Tunde T. "Modelling marijuana smoking epidemics among adults: An optimal control panacea." Journal of
Modelling Simulation, Identification, and Control 2 (2014): 83-97. https://doi.org/10.7726/jmsic.2014.1006

Zamir, Muhammad, Gul Zaman, and Ali Saleh Alshomrani. "Sensitivity analysis and optimal control of anthroponotic
cutaneous leishmania." PloS one 11, no. 8 (2016): e0160513. https://doi.org/10.1371/journal.pone.0160513
Johnson, R. "The 10 epidemics that almost wiped out mankind." The Business Insider (2011).

Delamater, Paul L., Erica J. Street, Timothy F. Leslie, Y. Tony Yang, and Kathryn H. Jacobsen. "Complexity of the basic
reproduction number (RO)." Emerging infectious diseases 25, no. 1 (2019): 1.
https://doi.org/10.3201/eid2501.171901

Zamir, M., R. Sultana, R. Ali, W. A. Panhwar, and S. Kumar. "Study on the threshold condition for infection of visceral
leishmaniasis." Sindh Univ. Res. J.(Sci. Ser.) 47, no. 3 (2015): 619-622.

Ngoteya, Frank Nathan, and Y. N. Gyekye. "Sensitivity analysis of parameters in a competition model." Appl.
Comput. Math 4, no. 5 (2015): 363-368. https://doi.org/10.11648/j.acm.20150405.15

27


https://doi.org/10.1177/2333721418781668
https://doi.org/10.7726/jmsic.2014.1006
https://doi.org/10.1371/journal.pone.0160513
https://doi.org/10.3201/eid2501.171901
https://doi.org/10.11648/j.acm.20150405.15

