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What are the main findings?

e The agent-based model, incorporating social impact theory and opioid withdrawal effects,
successfully predicted the direction, magnitude, and timing of changes in youth nonmedical
prescription opioid use prevalence after the lifting of in-person school closures in Ontario.

e In contrast to earlier implementations of interventions targeting youth household opioid
exposure, these interventions are now projected to have minimal impact on this escalation, as
established peer networks and social influence factors sustain elevated nonmedical prescription
opioid use prevalence independently of household access.

What is the implication of the main finding?

e Elevated nonmedical prescription opioid use prevalence among youth, driven by peers and
social networks, represents a health crisis requiring urgent policymaker attention.

e  Conceptually grounded simulation models can empower proactive policy responses by
forecasting crises before they escalate, as demonstrated in this youth opioid use study.

Abstract

Amid COVID-19-related in-person school closures in 2021, an agent-based simulation grounded in
social impact theory was implemented and documeted to investigate the effects of in-person school
closure on nonmedical prescription opioid use among adolescents in Ontario, Canada. The results of
model simulations forecasted an alarming rebound effect in the opioid use prevalence after the lifting
of in-person school closures and identified secure medication storage in households as an effective
strategy for mitigating associated risks. This study evaluates this result by comparing the baseline
projection from the previously published study with newly released 2023 data from the Ontario
Student Drug Use and Health Survey. Furthermore, it employs the developed agent-based model to
simulate the projection through 2030 and assesses the efficacy of secure medication storage in
households for the coming years. The study confirms that the previously published simulation
projection for 2023 closely aligns with observed data, showing nonmedical prescription opioid use
prevalence among Ontario adolescents nearly doubling from 2021 to 2023. Additionally, the results
show that nonmedical prescription opioid use prevalence among youth is projected to remain at these
elevated levels. Critically, the findings suggest that the temporal window for effective secure
medication storage interventions has elapsed, and these interventions are now expected to have
minimal impact on reducing this increase, even when applied extensively. The agreement between
reported predictions and observed data demonstrates that a simulation model with relevant
conceptual foundation can accurately predict future trends and provide sufficient lead time for
policymakers to implement interventions within critical time-sensitive windows to alter undesirable
trajectories before public health crises escalate.

Keywords: agent-based modeling; social impact theory; forecast validation; youth; nonmedical
prescription opioid use; in-person school closures
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1. Introduction

The COVID-19 pandemic disrupted various aspects of adolescent life, particularly through in-
person school closures [1-3]. By April 2020, most Canadian schools had closed their physical
campuses, and shift to online learning for students [4,5]. In-person school closures were implemented
with the goal of mitigating the direct health effects of the COVID-19 pandemic; however, their
broader impacts on youth quality of life were less immediately recognized [6,7]. The combination of
increased stress, isolation during in-person school closures, and spending more time at home could
potentially affect youth wellbeing [8-11] and substance use [12-14] during this period.

One of the most readily available substances with potential for misuse in many Canadian
households is prescription opioids [15,16]. Nonmedical prescription opioid use is defined as the use
of prescription pain medications without a prescription or in ways other than prescribed [17]. This
type of misuse has been a persistent public health challenge among North American adolescents
[18,19]. The availability of prescription opioids in family medicine cabinets makes them particularly
accessible to youth. Additionally, adolescents may perceive prescription opioids as safe for
recreational use because they are legitimate medications, in contrast to illicit opioids such as heroin
or fentanyl [20,21].

COVID-19-related in-person school closures caused youth to spend more time at home, and
therefore access patterns to prescription opioids potentially changed. Although parental supervision
increased, parents had to balance their own work responsibilities and could not consistently monitor
youth access to controlled medications. Furthermore, youth mental health challenges intensified as
in-person peer interactions were minimized [22-24] . Understanding how the interplay of substance
availability, peer influences, and family dynamics would simultaneously influence youth nonmedical
prescription opioid use required a methodology that could capture these multifaceted interactions
[25].

Traditional statistical methods in substance use research require extensive historical data to
identify past patterns [26]. Although such methods can incorporate covariates and control for
confounding, they describe relationships as they have previously occurred. Therefore, standard
statistical approaches such as regression models, time-series analyses, and other traditional
techniques have limitations when forecasting future patterns and have limited capacity to represent
how these relationships may change under novel conditions [27-29].

These constraints necessitate the use of methodologies that are capable of characterising the
causal mechanisms underlying observed trends in real-world contexts. These methodologies should
represent multifaceted dynamic, and provide a structure to test hypothetical interventions and
explore counterfactual scenarios. Computational simulation models are well known to fulfill these
requirements [30-32]. Two established frameworks in this space are System Dynamics Models (SDM)
[33] and Agent-Based Models (ABM) [34].

System dynamics models are capable of studying feedback loops at the aggregate-level, and are
well suited for capturing population-level trends. The Susceptible-Infected—Recovered (SIR) model
[35], as a famous System dynamics model, excels at capturing disease transmission at an aggregated
level. However, SIR model does not have any structure related to individual decision-making
processes and is therefore unable to fully represent the complex social dynamics of human behavior
[36]. In contrast, agent-based models offer a bottom-up modeling approach by simulating individual
agents with their own characteristics (i.e., heterogeneities) who interact within an environment,
resulting in aggregate patterns. Therefore, agent-based models empower researchers to observe how
macro-level patterns emerge from micro-level interactions based on individual decision rules and
agent behaviors [37,38].

Several studies have employed agent-based simulations to examine how peer networks shape
substance use behaviors among adolescents [39-42]. However, these studies have incorporated the
complex dynamics of social network structures in stable social contexts. Notably, in-person school
closures during the COVID-19 pandemic disrupted this stability [43], creating unprecedented
circumstances for youth. Despite the use of agent-based models in some studies to investigate social
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network disruptions among youth during the COVID-19 pandemic [44,45], these models
concentrated on controlling disease transmission.

Several statistical studies have documented changes in adolescent substance use during the
COVID-19 pandemic using self-reported survey data [14,46,47]. However, due to the lack of
simulation models in this area, future trajectories remained unclear, as standard statistical methods
were unable to project patterns under evolving conditions [48,49]. Consequently, these limitations
make computational simulation models an absolute necessity for projecting the future of adolescent
substance use beyond the COVID-19 pandemic. To our knowledge, beyond our earlier work [50],
there is no published study in the literature that has employed agent-based modelling methodology
to generate projections of adolescent substance use trajectories following the lifting of in-person
school closures during the COVID-19 pandemic. Furthermore, validation of computational
simulation projections against subsequently released empirical data remains rare in the literature,
constraining the ability to assess whether the published studies capture the underlying causal
processes.

In 2021, amid ongoing uncertainty about in-person school closures, reopening timelines, and
their long-term consequences for youth nonmedical prescription opioid use, we published a study
[50] in which we developed an agent-based simulation model grounded in social impact theory [51]
to project how in-person school closures might influence youth opioid use patterns in the coming
years. The agent-based model was parameterized using data from the 2019 Ontario Student Drug
Use and Health Survey (OSDUHS) [52,53]. The current study evaluates how closely the prior study’s
projections align with newly released 2023 OSDUHS [54] and further extends the model to simulate
these projections through 2030 and analyze policy intervention scenarios.

The remainder of this paper proceeds as follows. Section 2 presents the agent-based model
framework and experimental design. Section 3 presents the results of the Monte Carlo simulation.
Section 4 discusses the findings of this study. Section 5 provides the conclusions.

2. Materials and Methods

This study extends our previously developed agent-based simulation [50], which drew on the
social impact model of opinion formation [55,56]. The prior study [50] was developed to explore how
peer networks, household opioid availability, and socio-cultural environment influence the
prevalence of nonmedical prescription opioid use among youth, their prescription opioid resources,
and the frequency of nonmedical prescription opioid use within the past year. The Ontario Student
Drug Use and Health Survey (OSDUHS) [52,53] was the main source for parameterization and
calibration. The model was implemented using the simulation software AnyLogic Version 8.8.0 [57]
and run daily for a time horizon from 2017 to 2025. For the purposes of this study, the existing agent-
based modeling framework was retained without structural modification, and the projection horizon
was extended through 2030 to assess long-term trends and intervention scenarios. The following
section provides an overview of the agent-based model structure and scenarios. Further details on
the formulation drawn from the opinion dynamics literature [58,59] and on the severity of acute
withdrawal symptoms for opioid drugs [60],, which are incorporated into the model implementation,
can be found in the prior manuscript [50].

The agent-based model includes three agent types representing youth, family, and socio-cultural
environment. The model simulates a virtual population of Ontario adolescents with 10,000 youth
agents. Youth agents are embedded within family units, each represented by a family agent. The
socio-cultural environment is a simplified representation of youth neighborhoods, recreational areas,
social events, and other contextual factors that influence adolescents’ attitudes toward drug use. The
spatial architecture of the model is based on a cellular automata structure [61,62] , with a three-level
design that captures social networks across the three different agent types. Social network density for
youth and their peers is variable based on in-person school closures and reopening, implemented
through Moore neighborhoods [63] with different diameters.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202512.1761.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 19 December 2025 d0i:10.20944/preprints202512.1761.v1

4 of 14

Youth agents transition through behavioral states represented by three individual state charts
named: Youth Drug Use Opinion Evidence Base state chart, Frequency of Drug Use in Past Year state
chart, and Drug Source state chart (see Figure 1). Social impact theory provides the theoretical
foundation for triggering transitions between the states of the Youth Drug Use Opinion Evidence
Base state chart. To integrate social impact model of opinion formation within the agent-based model,
each youth agent possesses two independent attributes: persuasiveness (capacity to influence peers
toward attitude change to become similar to self) and supportiveness (ability to reinforce existing
attitudes among like-minded peers). Initial decisions emerge from the cumulative social impact
across peer interactions, family environment, and the influence of the socio-cultural environment.
When this aggregate influence exceeds the minimum threshold, a youth initiates nonmedical
prescription opioid use. This initiation mechanism applies to youth without prior opioid use
exposure, as those without prior opioid use exposure have not yet experienced acute opioid
withdrawal symptoms that could affect decision-making regarding opioid use.

YouthDrugUseOpinionEvidenceBase_statechart FrequencyofDrugUseinPastYear_statechart DrugSource_statechart
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Figure 1. State chart structures implemented within the agent-based model. (a) The Youth Drug Use Opinion
Evidence Base state chart categorizes youth as never-users, initial users, former users who have quit, or relapsed
users, with transitions informed by social impact theory. (b) The Frequency of Drug Use in Past Year state chart
tracks the number of nonmedical prescription opioid use episodes over the past year. (c) The Drug Source state
chart classifies a youth’s most recent opioid source as originating from family, friends, or an unspecified

category.

Following initial nonmedical prescription opioid use, youth behavior regarding opioid use
continues to be shaped by all three previously discussed factors; however, an additional
physiological dimension, implemented as the severity of acute opioid withdrawal symptoms, also
influences youth behavior in this regard. The severity of acute opioid withdrawal symptoms,
characterized by a lognormal function of days since the last dose, can either reinforce continued use
or motivate cessation attempts [60]. The Frequency of Drug Use in Past Year state chart updates
continuously to monitor the cumulative number of nonmedical prescription opioid use events for a
youth agent over the past year. The Drug Source state chart represents the primary origins of a
youth’s most recent prescription opioid acquisition, distinguishing among family sources, peer
sources, and an unspecified category. Access to family-sourced opioids is possible for youth when at
least one household member holds a legitimate prescription. In the absence of a family source, youth
may obtain opioids from peers within their immediate social network. Any remaining sources of
opioids are classified under the unspecified category. Further details on the formulation drawn from
the opinion dynamics literature [58,59] and on the severity of acute withdrawal symptoms for opioid
drugs [60] , which are incorporated into the model implementation, can be found in [50].

The parameterization and calibration procedures remain unchanged from the prior study [50],
consistent with the goal of evaluation of its reported projections. These procedures draw extensively
on the Ontario Student Drug Use and Health Survey (OSDUHS) [52,53] to characterize dynamics of
nonmedical prescription opioid use among youth in Ontario. A complete description of the model’s
parameterization and calibration procedures is fully documented in the prior study [50].
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The first part of this study validated the accuracy of the prior study’s predictions regarding the
prevalence of nonmedical prescription opioid use among Ontario adolescents in 2023. The agent-
based model presented in [50] was calibrated using data from the Ontario Student Drug Use and
Health Survey (OSDUHS) through 2021 [52,53] and subsequently generated projections until 2025,
incorporating Ontario’s in-person school closure timeline during the COVID-19 pandemic. The
current paper evaluated these projections by comparing the reported results for the prevalence of
nonmedical prescription opioid use among Ontario adolescents with newly released OSDUHS [54]
which incorporate 2023 data.

The second component of this study extended the model projections through 2030 to assess safe
medicine storage intervention effectiveness on future nonmedical prescription opioid use prevalence
among Ontario adolescents. Three levels of intervention were implemented as 20%, 50%, and 80%
reductions in youth household opioid exposure, beginning in 2027. For each intervention level, 100
different realizations were executed to generate a sample of potential outcomes, given a set of inputs.
Each simulation began with a 3-year burn-in period to establish equilibrium conditions consistent
with empirical observations. Then, each simulation was run for a time horizon from 2017 to the end
of 2030. Outcomes of interest were plotted daily to compare scenarios and characterize temporal
trajectories.

3. Results

This section presents the results of the agent-based simulation model. A Monte Carlo simulation
approach was employed to characterize uncertainty in the results. Each scenario was executed for
100 runs to represent a set of independent simulations with randomly sampled inputs. This approach
will result in a probabilistic assessment of the outcomes. The results in this section are organized into
three parts: the first part validates the prior study’s predictions for the prevalence of nonmedical
prescription opioid use among Ontario adolescents against newly released 2023 Ontario Student
Drug Use and Health Survey (OSDUHS); the second part provides baseline projections for the
prevalence of nonmedical prescription opioid use among Ontario adolescents through 2030; and the
third part evaluates the impact of three levels of reductions (20%, 50%, and 80%) in youth household
opioid exposure on the prevalence of nonmedical prescription opioid use among Ontario adolescents,
which are introduced at the beginning of 2027.

3.1. Validation of Prior Published Results Against Newly Released 2023 Ontario Student Drug Use and
Health Survey (OSDUHS)

Figure 2 presents the model-generated prevalence of nonmedical prescription opioid use among
Ontario adolescents from 2017 through 2025, as published in the prior study [50], alongside reported
empirical OSDUHS data on the percentage of Ontario adolescents reporting past-year nonmedical
use of opioid pain relievers from 2007 to the newly released 2023 data [54]. The two vertical black
arrows in Figure 2a indicate the start and end of the Ontario school closure timeline. Blue dots in
Figure 2a represent empirical data extracted from OSDUHS on the prevalence of nonmedical
prescription opioid use among Ontario adolescents, which were used to validate the model-
generated prevalence for 2017, 2019, and 2021, when the prior study was conducted. A comparison
of Figures 2a and 2b highlights that the trajectory, magnitude and time course of the model-generated
prevalence of nonmedical prescription opioid use among Ontario adolescents in 2023 closely align
with the OSDUHS empirical data (an absolute error of approximately 5%). This result suggests that
the model effectively captures impacts of in-person school closures on nonmedical opioid use among
youth and provides reliable predictive quality under previously unobserved circumstances.
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Figure 1. Comparison of model-generated prevalence of nonmedical prescription opioid use among Ontario
adolescents and empirical data from OSDUHS on the percentage of Ontario adolescents reporting past-year
nonmedical use of opioid pain relievers from 2007 to the newly released 2023 data. (a) Model-generated
prevalence of youth nonmedical prescription opioid use among Ontario adolescents from 2017 to 2025. The x-
axis represents calendar year, and the y-axis represents the prevalence of past-year nonmedical prescription
opioid use. The two vertical black arrows indicate the start and end of the Ontario school closure timeline. Blue
dots represent empirical data from OSDUHS, which were used to validate the model-generated prevalence in
the prior study [50]. (b) Empirical data from OSDUHS on the percentage of Ontario adolescents reporting past-
year nonmedical use of opioid pain relievers from 2007 to the newly released 2023 data. The x-axis represents
calendar year, and the y-axis represents the percentage of adolescents reporting past-year nonmedical

prescription opioid use.

It is also important to note that OSDUHS provides only discrete measurements every two years;
therefore, four data points are available between the beginning of 2017 and the end of 2023. The
published graph in the OSDUHS [54]( p. 13) provides linear interpolation between these points, and
based on this interpretation, the 2021-2023 data suggest a gradual, steady increase in the percentage
of Ontario adolescents reporting past-year nonmedical use of opioid pain relievers. In contrast, the
model-generated prevalence is updated daily, producing 2,557 temporal data points over the same
period. This high-resolution output allows the model to reveal underlying dynamics in nonmedical
prescription opioid use prevalence that remain invisible in OSDUHS. As shown in Figure 2b, the
model-generated results reveal a nonlinear trajectory in adolescent nonmedical opioid use, which
appears to be governed by the phases of school closures. During the COVID-19 pandemic, Ontario
experienced multiple phases of school closures and reopening [5]: initial closures from March to June
2020, phased and localized reopening followed by additional full closures in 2021 that lasted more
than six months, and the full province-wide reopening on January 17, 2022. The model reflects these
dynamics, showing a gradual rise during the early reopening-closure cycles, a sudden decline during
the extended closures, and a rapid rebound following full reopening. Cross-sectional surveys alone,
such as OSDUHS, cannot capture the complex dynamics of how multiple levels of social network
disruptions influence opioid-use patterns; this finding underscores the essential role of simulation
models.

3.2. Extended Model-Generated Projections Of Nonmedical Prescription Opioid Use Prevalence Among
Ontario Adolescents Through 2030

Figure 3 depicts the model-generated projections of nonmedical prescription opioid use
prevalence among Ontario adolescents through 2030 under the baseline scenario. The simulation
indicates that prevalence will continue to increase gradually from 2023 to 2030, reaching levels
approximately 1.5 times higher by the end of the decade. While this increase is less pronounced than
the 20212023 surge, the persistent upward trend in nonmedical prescription opioid use prevalence
among Ontario adolescents remains concerning.
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Figure 1. Model-generated prevalence of youth exhibiting nonmedical prescription opioid use in the past year

among Ontario adolescents through 2030 under the baseline scenario.

3.2. Investigating Impact of Reductions in Youth Household Opioid Exposure Through Safe mediecin
Storage Scenarios

Figure 4 displays a comparison of the model-generated for the prevalence of youth nonmedical
prescription opioid use under the implementation of safe medicine storage interventions at the
beginning of 2027. The two blue dashed lines indicate the intervention period, shown for comparison
across all panels in Figure 4. Figure 4a presents the baseline scenario representing the prevalence of
youth nonmedical prescription opioid use without any intervention, providing a reference for
comparison with alternative scenarios. Figure 4b shows the model-generated prevalence of youth
exhibiting nonmedical prescription opioid use in the past year after applying a 20% reduction in
youth exposure to prescription opioids at home at the beginning of 2027. Figure 4c shows the model-
generated prevalence of youth exhibiting nonmedical prescription opioid use in the past year after
applying a 50% reduction in youth exposure to prescription opioids at home at the beginning of 2027.
Figure 4d shows the model-generated prevalence of youth exhibiting nonmedical prescription opioid
use in the past year after applying an 80% reduction in youth exposure to prescription opioids at
home at the beginning of 2027. The model’s results indicate that decreasing youth exposure to
prescription opioids even by the highest level of 80% leads to only a small reduction (5%) in the
prevalence of nonmedical prescription opioid use among youth in 2030 compared to the baseline.
This small reduction in the model-generated prevalence of youth opioid use after applying the
intervention by 2027 suggests that peer networks and social influence factors have already become
sufficiently established to sustain elevated opioid use patterns largely independent of household
opioid availability.
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Figure 4. Comparison of model-generated projections of past-year nonmedical prescription opioid use
prevalence among Ontario adolescents under safe medicine storage interventions implemented in 2027. The x-
axis represents calendar year (2017-2030), and the y-axis represents the prevalence of past-year nonmedical
prescription opioid use. The two blue dashed lines mark the intervention period. (a) Model-generated
prevalence of youth exhibiting nonmedical prescription opioid use in the past year for the baseline scenario. (b)
Model-generated prevalence of youth exhibiting nonmedical prescription opioid use in the past year after
applying a 20% reduction in youth exposure to prescription opioids at home at the beginning of 2027. (c) Model-
generated prevalence of youth exhibiting nonmedical prescription opioid use in the past year after applying a

50% reduction in youth exposure to prescription opioids at home at the beginning of 2027. (d) Model-generated
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prevalence of youth exhibiting nonmedical prescription opioid use in the past year after applying an 80%

reduction in youth exposure to prescription opioids at home at the beginning of 2027.

4. Discussion

The OSDUHS data documented that the percentage of Ontario adolescents reporting past-year
nonmedical use of opioid pain relievers nearly doubled from 2021 to 2023, returning to levels not
seen since 2007 [54]. The projected trajectory results generated by the model in the prior study [50],
which showed an overshoot in adolescent nonmedical prescription opioid use prevalence after the
lifting of in-person school closures, were confirmed by these empirical data from OSDUHS.
Furthermore, the findings indicate that the prevalence of nonmedical prescription opioid use among
youth is expected to remain at elevated levels. Importantly, the results suggest that the optimal time
window for effective secure medicine storage interventions has passed.

These results carry important implications for computational modeling of substance use
behaviors. First, this agent-based model grounded in social impact theory could simulate reliable
predictions about nonmedical opioid use during unprecedented circumstances. Validation of the
findings from the prior study demonstrated that the developed agent-based model’s underlying
mechanisms captured the fundamental dynamics of how youth nonmedical prescription opioid use
behaviors may spread through peer networks. These underlying mechanisms represented through
social impact theory and the severity of acute opioid withdrawal symptoms. The agreement between
projections and observed data indicates that the agent-based model captures actual causal processes
rather than curve-fitting, as it reproduces prevalence levels comparable to those observed in 2007,
which were outside the calibration period for the simulation model. While there is a 5% discrepancy
between the empirical data and the reported result, drug use is often considered a complex human
behavior [64,65], and the model’s ability to reproduce the overall direction, magnitude, and timing
of observed trends represents a strong qualitative fit, which is often more important for agent-based
models than exact numerical precision.

Second, this study demonstrates how simulation modeling temporal resolution offers a valuable
means to overcome the constraints of observational data collection. Given that empirical data in
OSDUHS are collected only every two years, traditional analyses rely solely on linear interpolation
between these discrete measurement points and characterize the change as escalation between 2021
and 2023 in the prevalence of nonmedical opioid use among youth. However, the simulation’s
temporal resolution yields a continuous understanding of youth nonmedical prescription opioid use
trends, highlighting a rebound effect resulting from marked fluctuations between these data
collection points.

Finally, the model shows that delaying safe medicine storage intervention until 2027 greatly
reduces its impact on decreasing the prevalence of nonmedical prescription opioid use, with even
very large reductions producing smaller effects compared with larger reductions if implemented
earlier [50]. The findings highlight that the value of validated simulation models extends beyond
retrospective explanation to forward-looking projection, enabling proactive rather than reactive
policy responses through early reliance.

While this simulation model’s successful prediction of the 2023 lends confidence to its
projections, the newly projected results should be interpreted with caveats. The current simulation
model represents peer networks in a stylized way (i.e., three-level cellular automata) for a close youth
population that could capture key features of youth interaction, however, it does not include several
aspects of real relationships. The implemented closed youth population does not allow new members
to enter, and this study does not account for the influence of online social networks. Furthermore,
this study focuses on changes in social influence during in-person school closures and does not
account for any new conditions in subsequent years. Although the baseline projection through 2030
indicates a gradual increase in the prevalence of nonmedical prescription opioid use among
adolescents, any new influential factors introduced in subsequent years may alter this trajectory over
the long term. Specially, youth who use prescription opioids may also experiment with other

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202512.1761.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 19 December 2025 d0i:10.20944/preprints202512.1761.v1

10 of 14

substances or switch to different ones, particularly as socialization opportunities expand and opioid
availability is disrupted. The study focuses specifically on how youth opioid use is affected by peer
networks and does not capture the full complexity of newly introduced conditions.

Overall, reliable forecasting of the evolution of complex systems, including drug use patterns, is
widely recognized as a major research challenge within systems science [49,66,67], and validating
simulation projections against newly released data represents a valuable opportunity to enhance
knowledge transfer within the computational modeling community and, as a result, advance the field
of modeling. To strengthen forecasting capabilities, simulation modelers are encouraged to compare
their published projections against emerging empirical data and explain any observed concordance
or discrepancies. Journal editors are well positioned to support this process by establishing dedicated
publication channels for validation studies and promoting transparent modeling practices. These
efforts can ultimately facilitate integrating simulation models into anticipatory decision-making and
designing affective public health interventions.

5. Conclusions

The post—in-person school closures forecasts of adolescent nonmedical prescription opioid use
generated by the agent-based model grounded in social impact theory predicted an escalating trend,
which has now been validated by empirical evidence. The simulation outcomes forecasted a rapid
rebound following the lifting of in-person school closures, and this phenomenon has been confirmed
by the 2023 OSDUHS. Furthermore, the results highlight a continued gradual increase in the model-
generated prevalence of nonmedical prescription opioid use among Ontario adolescents, and indicate
that safe storage interventions become less effective. This result suggests that peer networks and
social influence have well-established as the primary factors driving opioid use among youth. These
findings further emphasize the critical importance of implementing preventive measures during the
limited timeframe when they can still impactfully alter trajectories.
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