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Highlights

Stimulant use is a key barrier to engagement in the HIV prevention and treatment continua.

We apply an agent-based model to examine the impact of stimulant use on population HIV 
outcomes.

We simulate behavioral and medication-assisted interventions to treat stimulant use. 

Implementation of these interventions may positively impact efforts to eliminate HIV incidence. 
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Abstract: 
Objective(s): Getting to Zero (GTZ) is an Illinois-based HIV elimination initiative. GTZ 
identifies younger Black men who have sex with men (YBMSM) as a population who have 
experienced disproportionate HIV incidence. Rising stimulant use among YBMSM has been 
determined to impede engagement in the HIV prevention and treatment continua for reducing 
onward HIV transmission. Given the limited development of dedicated or culturally appropriate 
interventions for this population, this modeling study explores the impact of stimulant use on 
HIV incidence among YBMSM and assesses the impact of such interventions on downstream 
HIV transmission to achieve GTZ goals. 

Methods: A previously developed agent-based network model (ABNM), calibrated using data for
YBMSM in Illinois, was extended to incorporate the impact of stimulant use 
(methamphetamines, crack/cocaine, and ecstasy) on sexual networks and engagement in HIV 
treatment and prevention continua. The model simulated the impact of a residential behavioral 
intervention (BI) for reducing stimulant use and an outpatient biomedical intervention 
(mirtazapine) for treating methamphetamine use. The downstream impact of these interventions 
on population-level HIV incidence was the primary intervention outcome. 

Results: Baseline simulated annual HIV incidence in the ABNM was 6.93 [95% Uncertainty 
Interval (UI): 6.83,7.04] per 100 person years (py) and 453 [95% UI: 445.9,461.2] new 
infections annually. A residential rehabilitation intervention targeted to 25% of stimulant using 
persons yielded a 27.1% reduction in the annual number of new infections. Initiating about 50% 
of methamphetamine using persons on mirtazapine reduced the overall HIV incidence among 
YBMSM by about 11.2%. A 30% increase in antiretroviral treatment (ART) and preexposure 
prophylaxis (PrEP) uptake in the non-stimulant using YBMSM population combined with a 25%
uptake of BI for stimulant using persons produces an HIV incidence consistent with HIV 
elimination targets (about 200 infections/year) identified in the GTZ initiative. 

Conclusions:  Behavioral and biomedical interventions to treat stimulant use, in addition to 
expanding overall ART and PrEP uptake, are likely to enhance progress towards achieving GTZ 
goals.  

Keywords
Substance-Related Disorders; HIV infections; pre-exposure prophylaxis; computer simulation; 
sexual and gender minorities; preventive medicine
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INTRODUCTION

Getting to Zero (GTZ) Illinois is an HIV elimination strategy that is being collaboratively

implemented by a combination of state and county public health departments, academic medical 

centers, and community health organizations. GTZ Illinois assessments have found that the 

overall declines in HIV incidence have not been experienced equally by subpopulations; younger

(18-34 years) Black gay, bisexual and other men who have sex with men (YBMSM) have 

experienced relatively stable incidence rates over recent years.1,2 Improved engagement in the 

HIV prevention and treatment continua, achieved through a scale-up of antiretroviral treatment 

(ART) and preexposure prophylaxis (PrEP) use among YBMSM, is a centerpiece of the GTZ 

initiative. 

The scale-up of ART and PrEP among YBMSM, however, is constrained by the many 

psychosocial and healthcare barriers faced by YBMSM.3,4Substance use is one such barrier, and 

it has been associated with suboptimal ART adherence and missed PrEP doses among MSM.5–

11The use of stimulants – such as methamphetamines, crack/cocaine, and ecstasy –  in particular, 

has been found to be associated with behaviors that may increase the risk of HIV transmission,12 

particularly condomless insertive and receptive anal sex.13Black MSM living with HIV and not 

using methamphetamines have been found to be less likely to miss clinical visits for ART care 

than those who have used methamphetamines.14Emerging evidence also suggests that Black 

MSM who use social networking sites are often younger and more likely to have used 

methamphetamines and cocaine in the past 12 months compared to persons who do not use such 

sites.15

Given the impact of stimulant use on disengagement from HIV care, stimulant use 
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treatment may be a key tool in achieving GTZ policy goals. Mirtazapine, in particular, has been 

shown in clinical trials to be an effective biomedical treatment for methamphetamine 

addiction.16,17While no FDA approved treatment exists for treating cocaine addiction, other 

interventions such as residential rehabilitation have found moderate success in treating stimulant 

use disorders (including methamphetamines and cocaine).18–21The success of these stimulant use 

treatments have led to calls for their integration in HIV care.22,23

The GTZ Illinois planning committee has explicitly identified addressing stimulant use as

a crucial component of their policy planning efforts. GTZ aims to reduce the number of incident 

HIV cases among Black MSM in Illinois to a “functional zero” level, currently defined as fewer 

than 200 new infections per year.24 Fewer studies, however, have examined the prevalence of 

stimulant use and its role in HIV transmission among Black MSM specifically.25 Given that 

stimulant use treatment has not previously been incorporated in GTZ planning efforts,24 

transmission models that investigate the impact of stimulant use and sexual networks on the 

engagement in the HIV prevention and treatment continua can provide useful guidance for policy

planning. 

This study extends an existing agent-based network model (ABNM),26 parameterized 

largely with data collected in Illinois, to assess the impact of stimulant (methamphetamines, 

crack/cocaine and ecstasy) use on the HIV prevention and treatment continua and downstream 

HIV incidence among YBMSM. We simulate stimulant use treatment interventions and project 

their impact on downstream HIV incidence to inform next steps in the GTZ planning efforts in 

Illinois.

METHODS

Agent-Based Network Model (ABNM) Development
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The ABNM described below combines sexual network structure with a number of 

processes that impact HIV transmission. The sexual network structure was modeled using 

exponential random graph models (ERGMs),27 a statistically robust approach to model complex 

network evolution over time, and implemented using the statnet28 suite of packages in the R 

programming language. The ABM components were developed with the C++-based Repast HPC

ABM toolkit.29,30Parameters and computer code to reproduce results are available in a public 

GitHub repository.31

Demographic, Network, Behavioral and Biological Data

The baseline model was parameterized with data sources that were representative of 

YBMSM in Illinois. Local data sources included cohort data on Chicago YBMSM from 

“uConnect”32,33 and the Young Men’s Affiliation Project (YMAP)34,35; both studies recruited 

participants in Chicago from 2013-2016 using systematic sampling schemes. Additional data on 

YBMSM were obtained from the National HIV Behavioral Surveillance (NHBS) survey in the 

Chicago Metropolitan Statistical Area.36 Other local and national sources, described below, were 

included where representative data from Illinois were not available. All procedures and protocols

were approved by relevant institutional review boards.

Baseline Model

Baseline HIV transmission was simulated to capture existing epidemic features among 

YBMSM (age 18 to 34 years), populated with 10,000 individuals at the start of the dynamic 

simulations, approximately consistent with the number of estimated YBMSM in Chicago. The 

substantive model components included arrivals, departures, dynamic sexual network structure, 

the temporal evolution of CD4 counts and HIV RNA (“viral load”), HIV testing and diagnosis, 
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dynamics of ART and PrEP use, external HIV infections, and HIV transmission dynamics (see 

Section A.4 of the Appendix for further details).

Modeling Impacts of Stimulant Use

HIV Treatment and Prevention Continua. The model examined the impact of 

methamphetamines, crack/cocaine and ecstasy use on HIV treatment and prevention continua. 

Population-based cohort data were used to estimate the usage rates of methamphetamines, crack/

cocaine and ecstasy. 32,33 The model was seeded with users of the three stimulants in accordance 

with the estimated rates. Estimates of ART adherence among users of the three substances were 

also derived from the available cohort data. The PrEP continuum for stimulant users was 

modeled in terms of reduced initiation and retention relative to the general population, as 

estimated in the literature.5,37,38 The ART and PrEP parameters for stimulant users are presented in

Appendix Sections 4.9 and 4.10. The key model parameters are listed in Table 1.

Sexual Behavior. Stimulant users in the model, identified by indicator variables denoting 

methamphetamine, crack/cocaine and ecstasy use, were given a propensity to form partnerships 

cross-sectionally that was greater than that of a person not using these stimulants. This increased 

propensity was estimated by computing the ratio of the number of recent (i.e., past 6 months) 

partnerships for users of each of the stimulants relative to the number of partnerships reported by

the overall YBMSM population (Table 1). 

Model Calibration

Model simulations proceeded in daily time steps. The model was calibrated using 

previously described HIV incidence (about 5-7 per 100 person years) and prevalence (about 35-

37%) set as targets, 26estimated from population-based cohort data for Black MSM in Illinois.39,40 

Interventions
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This study incorporates two treatments for stimulant use: a residential behavioral 

intervention delivered via a rehabilitation facility for persons using any of the three stimulants, 

and a medication-assisted treatment program that consists of mirtazapine for treating 

methamphetamine use.  We investigated the impact of these interventions on HIV incidence 

relative to the baseline model. 

The residential behavioral intervention (BI) for users of crack/cocaine, ecstasy and 

methamphetamine users was motivated by previous empirical studies that demonstrated the 

impact of BIs on the behavior of persons who use stimulants.41–43 We simulated the impact of a 3-

month BI (consistent with the duration of a similar intervention implemented through a 

community rehabilitation program44). Simulations included HIV testing for HIV-undiagnosed 

persons at the time of their enrollment in the residential behavioral intervention.  We considered 

scenarios in which varying proportions of persons using stimulants receive the intervention (see 

Sensitivity Analysis subsection below). 

In accordance with empirical data, 87% of persons receiving residential BI changed their 

behavior.45Thus, 87% of persons diagnosed with HIV who receive BI are assumed to be always 

adherent to ART during their period of residential stay (see Table 1 for the levels of ART 

adherence in the model). Similarly, 87% of HIV-negative persons receiving BI are assumed to be

optimally adherent (4+ doses/week) to PrEP during the course of the intervention.  Upon 

completion of BI, agents return to their pre-intervention levels of engagement in the HIV 

treatment and prevention continua.   

Additionally, a biomedical intervention, consisting of mirtazapine for treating 

methamphetamine use, was simulated. During the period of biomedical treatment, 48.5% of the 

mirtazapine users received a mirtazapine outpatient prescription for a period of 3 months, 
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consistent with common treatment mirtazapine treatment regimes.16,17 These persons are 

parameterized to optimally adhere to their HIV medications (ART or PrEP) resulting in a 95% 

reduction in transmission of or risk for acquisition of HIV infection for the duration of their 

mirtazapine treatment (alternate scenarios that assume lower effectiveness are described in the 

Sensitivity Analysis subsection below). Upon completion of the mirtazapine treatment, agents 

returned to their pre-treatment levels of methamphetamine use. Thus, persons receiving BI or 

mirtazapine treatment experienced improved engagement in the HIV treatment and prevention 

continua during the course of receiving treatment. 

Outcomes and Uncertainty Quantification

The primary outcomes for both residential BI and mirtazapine interventions were the 

mean number of HIV infections and the mean HIV incidence rate in the overall YBMSM 

population in the tenth year after the implementation at varying levels of uptake (Table 2A). HIV

incidence among methamphetamine using persons who receive BI or mirtazapine was also 

estimated for the various levels of uptake (Table 2B). Additionally, scenarios that examined 

scale-up of ART and PrEP uptake in accordance with GTZ Illinois guidance, along with 

purposeful stimulant use interventions, were modeled to assess the impact of stimulant use 

interventions on overall GTZ policy goals (Table 3). 

Uncertainty in the HIV incidence projection estimates was quantified by using bootstrap 

estimates derived via simulation. To do this, the 30 simulated HIV incidences at each time point 

under each policy scenario were sampled 1,000 times with replacement. The mean for each of 

the resampled datasets was computed, and the 2.5% and 97.5% quantiles of these means were 

taken to obtain the 95% bootstrap uncertainty interval (UI).

Sensitivity Analysis
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For residential BI, sensitivity analyses examined uncertainty in the proportion of 

stimulant users who receive the intervention, considering scenarios in which 10%, 15%, 20%, 

and 25% of stimulant using persons received BI. For mirtazapine, sensitivity analyses considered

varying proportions of methamphetamine using persons receiving mirtazapine treatment. 

Scenarios where 5%, 25%, 50%, 75%, and 100% of methamphetamine users are given 

mirtazapine were simulated. (We limited the proportion of stimulant users receiving residential 

BI to relatively lower levels because it is likely to be an expensive intervention and wider scale-

up may be limited by its cost). Additional analyses presented in Appendix Section A.6 examine 

varying levels of engagement in the HIV treatment and prevention continua by the persons who 

received mirtazapine for methamphetamine use treatment. Given evidence that some persons 

using stimulants may change their patterns of use,46 we conducted sensitivity analyses that 

considered scenarios modeling intermittent use behaviors. One scenario simulated a relatively 

shorter period of stimulant use (average duration of 1 year), and another considered a 5-year 

average duration of use. We compared the population-level HIV incidence results predicted by 

these models to our baseline assumption of lifetime use (Appendix Section A.7).

RESULTS

Figure 1A provides the mean HIV incidence rate (per 100 person years) in the overall 

population for 10 years following the implementation of BI for persons who use any of the three 

stimulants, with color bands that demonstrate the bootstrap uncertainty intervals. 

Correspondingly, Table 2A shows the overall annual HIV incidence rate and the mean number of

HIV infections among YBMSM in the tenth year after the implementation of BI. The control 

case, with no purposeful intervention for stimulant using persons and ART and PrEP uptake 

maintained at baseline levels, yielded a mean HIV incidence rate of 6.93 (95% UI: 6.83, 7.04) 
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per 100 person years (py) in the overall population. In the tenth year, scaling up BI to 25% of 

stimulant using persons yielded a 35.0% decline in the HIV incidence rate to 4.51 (95% UI: 4.42,

4.6) per 100 py. 

Figure 1B shows the mean HIV incidence rate in the overall population ten years after the

implementation of the mirtazapine intervention. The declines in overall HIV incidence are 

modest relative to the BI intervention: Providing mirtazapine to all meth using persons resulted 

in a 20.1% decline in the HIV incidence rate in the overall population (Table 2A). The relatively 

lower decline in HIV incidence associated with mirtazapine treatment relative to BI is not 

surprising because all stimulant using persons in the model (approximately 28% of the 

population) are eligible for BI, but a relatively smaller proportion of persons use only 

methamphetamines (about 9% of the population) and are therefore eligible for a mirtazapine 

prescription. 

In comparing the HIV incidence rate among persons who use methamphetamines, Table 

2B shows that under the baseline model the HIV incidence rate among persons who use 

methamphetamines is about 10.6 per 100 py. Substantial (and comparable) declines in HIV 

incidence are seen when 15% of methamphetamine using persons receive the BI or 50% of 

methamphetamine using persons receive mirtazapine (about 6.3 per 100 py). 

Notably, while stimulant use interventions are effective in substantially reducing 

population-level HIV incidence, functional zero HIV incidence was achieved only when ART 

and PrEP use are also scaled up in the overall population (Table 3). A 30% increase in ART and 

PrEP uptake in the general population combined with a 25% uptake of BI for stimulant users 

produces an HIV incidence of about 197 new infections per year. 

DISCUSSION
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Our findings provide an assessment of the relative benefits of BI and mirtazapine for 

reducing HIV risk among people who use stimulants and the added benefits such policies can 

have in achieving GTZ goals. On average, the residential BI implementation at 10% uptake 

among stimulant using persons (approximately 28% of the population) produced fewer new HIV 

infections annually than an outpatient mirtazapine intervention that reached all 

methamphetamine using persons (about 9% of the population). Approximately equal declines of 

HIV incidence among persons who use methamphetamine are accomplished by a BI uptake of 

about 15% or a mirtazapine uptake of 50%. 

Additionally, a 30% scale-up in ART and PrEP in the general population, combined with 

BI for 25% of stimulant using persons, has the potential to achieve a “functional zero HIV 

incidence” in 10 years. Previous modeling work that focused on improving ART and PrEP 

engagement for all YBMSM but did not consider stimulant use interventions specifically has 

indicated that a functional zero HIV incidence may be achievable in 14 years if ART and PrEP 

uptake are both increased by 30% over the time period.24 Here, we found that incorporating a 

purposeful intervention for persons who use stimulants may help reach a functional zero level in 

about 10 years. 

Residential rehabilitation centers are likely to be expensive (costing approximately $215/

day, according to some estimates47) and could be implemented via drug diversion programs or 

increased funding for voluntary addiction treatment. Increased funding for addiction treatment 

could also have downstream benefits in reducing HIV incidence and associated future treatment 

costs.48Such analyses, while beyond the scope of this paper, are important next steps to consider. 

Broader structural problems, such as food insecurity, housing instability, and mental 

illness comorbidities often impact the ability of persons using stimulants to engage in the HIV 
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prevention and treatment continua. As residential drug rehabilitation facilities directly or 

indirectly address these problems, it is not surprising that engagement in the HIV treatment and 

prevention continua has been found to be higher during stay in a rehabilitation center. This study 

demonstrates the effectiveness of residential BI, even when persons undergoing treatment return 

to their baseline levels of care engagement upon leaving the rehabilitation facility. 

We note several limitations in this study. First, the importance of more culturally 

sensitive interventions to address stimulant use among YBMSM is increasingly recognized, and 

more research is needed to develop such interventions that are effective.49–52We use a simulation 

model that was developed for a YBMSM population, and future iterations of this work will 

consider the development and deployment of interventions tailored to address YBMSM 

community needs. Second, meth can be injected, and sharing injection equipment may increase 

HIV risk. Because of lack of available data, we did not model this increased HIV risk due to 

sharing of injection equipment, focusing instead on the impacts of meth use on engagement in 

the prevention and treatment continua, an area of growing concern.53,54 Third, due to limited data 

on underlying parameters, we modeled stimulant use as a binary variable and only considered a 

simplistic scenario of intermittent stimulant use in the sensitivity analysis. Future work might 

consider varying degrees of use of the stimulants that are considered here, and account for more 

realistic models of intermittent. use. Fourth, the financial costs of implementing behavioral and 

biomedical treatment programs for stimulant users, and the potential economic benefits of 

decarceration and rehabilitation were not examined here; such assessments will be important for 

future policymaking guidance. Fifth, evidence on the effectiveness of alternate PrEP dosing 

strategies, such as on-demand and long-acting injectable PrEP is emerging.55,56 Future iterations 

of this model may incorporate such dosing strategies as components of GTZ planning efforts. 
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Sixth, our decision to focus the interventions presented here was based on priorities identified 

during the GTZ planning phase. Future efforts to refine these interventions may involve 

contingency management, which has been shown to be effective for treating stimulant use.57–59 

Finally, as in most simulation studies, the uncertainty quantification in this model is restricted to 

considering the stochasticity between model runs; the full range of model uncertainty, both due 

to the complexity of modeling human behavior and unforeseen developments in policy and 

treatment is likely much greater, and difficult to fully account for. 

This work begins to investigate the efficacy of interventions in a simulation model 

designed for a YBMSM population. Achieving GTZ goals is contingent upon a broad scale-up of

biomedical prevention modalities and addressing the psychosocial and structural barriers that 

reduce the impact of such barriers, particularly among YBMSM who experience disproportionate

HIV incidence. Direct efforts to develop culturally sensitive interventions to treat stimulant use, 

when implemented at scale, may be an important component of efforts to realize HIV elimination

goals. Computational modeling can continue to provide much needed data to guide the 

implementation of such interventions. 
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Table 1: Parameters to Model HIV Transmission among young Black men who have sex with men 
(YBMSM), Illinois.
Demography
Parameter Estimate Source
Age range [18 – 34) years Defined population of 

interest
Departures from 
simulated population

- All agents achieving age > 34 years exit the 
population.

- At any time in the simulation, agents uninfected 
with HIV experience mortality rates estimated in 
accordance with age-specific mortality for Chicago.
Agents infected with HIV experience mortality rates 
determined by their CD4 counts.

-As per the defined age 
range of the population of 
interest

- Estimated from the CDC 
Wonder database60

Stimulant Use
Rates of stimulant use (%
of all simulated agents)

Methamphetamines: 9.2%
Crack/cocaine: 17.4%
Ecstasy: 4.0% 

Cohort data of YBMSM in 
Chicago (see Appendix 
Section A.4.9)

Sexual Behavior
Mean partnership 
duration 

All agents
- Main: 512 days. Casual: 160 days.
- No difference assumed between stimulant users 
and non-stimulant users.

Per NHBS data from 
Chicago36 (see Appendix 
Section A.4.3)

Mean number of main 
partnerships of stimulant 
users (per person) on any 
given day

Stimulant users
- Methamphetamines: 0.69
- Crack/cocaine: 0.61
- Ecstasy: 0.59

Cohort data of YBMSM in 
Chicago32,33 and Appendix 
Section A.3 

 Mean number of casual 
partnerships (per person) 
on any given day

Stimulant users
- Methamphetamines: 0.71
- Crack/cocaine: 0.63
- Ecstasy: 0.63

Cohort data of YBMSM in 
Chicago32,33  and Appendix 
Section A.3 

Adherence to Antiretroviral Treatment (ART)
Distribution of ART 
adherence

Non-stimulant users: 
- Never adherent: 10%
- Sometimes adherent: 30%
- Usually adherent: 28%
- Always adherent: 32%

Stimulant users*†

- Methamphetamines: 42% decline in percent always
adherent 
- Crack/cocaine: 50% decline in percent always 
adherent 
- Ecstasy: 39% decline in percent always adherent 

Cohort data of YBMSM in 
Chicago. 32,33(Details on 
ART adherence in the 
overall population are in 
Appendix Sections A.4.7 
and adherence among 
stimulant using persons is 
described in Section A.4.9.)

PrEP Use
Mean % of HIV-negative
persons who are 
prescribed PrEP on any 
given day

Non-stimulant users: 13.7% 
Stimulant users:
- Methamphetamines: 5.4%
- Crack/cocaine: 7.1%
- Ecstasy: 4.6% 

Cohort data of YBMSM in 
Chicago32,33 and Section 
A.4.10.
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Mean time that a PrEP 
user is retained on PrEP

Non-stimulant users: 1 year 
Stimulant Users: 9 months

Clinic-based data from 
Chicago61  (see additional 
details in Appendix 
Sections A.4.8 and A.4.10)

Adherence to PrEP 
among PrEP initiators

Non-stimulant users
- Suboptimal adherence (0-3 pills/week): 38.1%
-Optimal adherence (4+ pills/week): 61.9%

Stimulant users:
- Suboptimal adherence (0-3 pills/week):76%
-High adherence (4+ pills/week):24%

Parameters for PrEP 
adherence in the overall 
population and among 
stimulant users are derived 
in Appendix Sections A.4.8 
and A.4.10 respectively

Reduction in 
transmission associated 
with levels of PrEP 
adherence

Non-adherence: 0%; low: 31%; moderate: 81%; 
high: 95%

Consistent with PrEP 
effectiveness rates in other 
modeling studies 26,62

*Persons always adherent to ART experiencing imperfect adherence due to stimulant use are uniformly 
distributed across the three other categories (usually, sometimes, and never adherent). 
†Users of multiple substances experience the highest declines associated with the substances of use.
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Table 2A: Mean HIV incidence rate and the number of new HIV infections in the 
overall population in the tenth year after the implementation of the behavioral and 
biomedical interventions for all persons who use stimulants. 

10th year HIV Incidence in 
the full population (per 100 
person years)

New HIV Infections in 10th
Year (full population)

Scenario 
Baseline 6.93(6.83,7.04) 453 (445,461)
Behavioral Intervention (BI)
Uptake†

10% 5.39 (5.26,5.52) 379 (370,386)
15% 5.12 (5.02,5.23) 365 (358,372)
20% 4.84 (4.72,4.95) 348 (340,357)
25% 4.51 (4.42,4.6) 330 (324,337)
Mirtazapine
Uptake††

25% 6.11 (5.96,6.25) 411 (402,421)
50% 5.88 (5.74,5.99) 402 (394,410)
75% 5.76 (5.64,5.88) 400 (391,409)
100% 5.54 (5.43,5.66) 387 (380,396)
Table 2B: Mean HIV incidence rate and the number of new HIV infections among 
methamphetamine users in the tenth year after the implementation of the behavioral and
biomedical interventions for persons who use methamphetamines only.
Scenario 10th year HIV Incidence 

among methamphetamine 
users (per 100 person years)

New HIV Infections in 10th 
Year (methamphetamine 
users)

Baseline 10.63 (10.09,11.17) 47 (45,49)
Behavioral Intervention (BI)
Uptake§

10 7.14 (6.68,7.65) 37 (35,40)
15 6.34 (5.9,6.76) 34 (32,37)
20 5.92 (5.59,6.27) 33 (31,35)
25 5.58 (5.30,5.82) 31 (30,33)
Mirtazapine
Uptake††

25 7.18 (6.73,7.6) 37 (35,39)
50 6.37 (5.9,6.83) 34 (31,37)
75 5.66 (5.27,6.03) 32 (30,35)
100 4.71 (4.38,5.03) 28 (26,30)
†Proportion of persons using stimulants who receive the behavioral intervention (BI)
††Proportion of persons using methamphetamines who receive mirtazapine prescriptions
§Proportion of persons using methamphetamines who receive the Behavioral Intervention (BI)
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Table 3: Impacts of Behavioral Intervention (BI) for stimulant users on mean HIV 
incidence rate and the number of new HIV infections in the overall population in the 
tenth year when ART and PrEP use are also scaled up for everyone
ART and PrEP 
use for the full 
population

Targeted Behavioral 
Intervention (BI) for 
Stimulant Using 
Persons*

HIV Incidence in 
10th Year (per 100 
person years)

New HIV Infections 
in 10th Year

20% increase in 
ART and PrEP 
use across the full
population over 
10 years

None

4.63 (4.52,4.75) 329 (321,337)
10% 3.12 (3.04,3.21) 240 (234,246)
15% 2.97 (2.9,3.03) 230 (225,236)
20% 2.74 (2.67,2.82) 215 (209,221)
25% 2.6 (2.52,2.68) 205 (199,211)

30% increase in 
ART and PrEP 
use across the full
population over 
10 years

None 3.86 (3.77,3.94) 281 (276,287)

10% 2.87 (2.78,2.97) 222 (215,230)
15% 2.72 (2.66,2.78) 212 (207,217)
20% 2.6 (2.52,2.68) 205 (198,211)
25% 2.48 (2.39,2.57) 197 (189,204)

*Proportion of persons using stimulants who receive BI
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Figure 1A: HIV incidence rate in the overall population after implementation of the
residential behavioral intervention (BI) for persons who use any of the three stimulants

(methamphetamines, ecstasy, or crack/cocaine).

Figure 1B: HIV incidence rate in the overall population after implementation of the
the mirtazapine intervention for persons who use methamphetamines. 
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