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Abstract

Background: Pre-exposure prophylaxis (PrEP) uptake has been slow among African American 

men who have sex with men (AAMSM) in the United States. We used an agent-based model 

(ABM) to simulate race-specific PrEP coverage to estimate their impact on racial disparities in 

HIV incidence among MSM in Atlanta, Georgia.

Methods: An ABM was constructed to simulate HIV transmission in a dynamic network of 

10,000 MSM over ten years, beginning in 2015. We modeled a base scenario with estimated PrEP 

coverage of 2.5% among AAMSM and 5.0% among white MSM (WMSM). We then compared 

HIV incidence over ten years and calculated a disparity ratio of AAMSM to WMSM incidence 

rates across varying PrEP scale-up scenarios, with equal and unequal coverage among AAMSM 

and WMSM.

Results: Assuming current coverage remains constant, the model predicts HIV incidence rates of 

2.95 and 1.76 per 100 person-years among AAMSM and WMSM respectively, with a disparity 

ratio of 1.68. If PrEP coverage were to increase six-fold without addressing inequities in PrEP 

uptake, the model predicts incidences of 2.65 and 1.34, corresponding to a mean decrease of 

10.4% and 24.0% in HIV incidence, respectively. This stronger benefit for WMSM increased the 

disparity ratio to 1.98. Equal PrEP coverage among AAMSM and WMSM resulted in lower 

incidence rates overall with lower disparity ratios.

Conclusion: Lower uptake among AAMSM relative to WMSM may limit the population-level 

impact of PrEP use among AAMSM, which may ultimately culminate in wider racial disparities in 

HIV incidence among MSM.
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INTRODUCTION

There are stark and persistent racial disparities in HIV incidence among gay, bisexual, and 

other men who have sex with men in the United States (US).1 The lifetime risk of an HIV 

diagnosis in the US is 1 in 2 for African American MSM (AAMSM) compared to 1 in 11 for 

white MSM (WMSM).2 Several explanations for these disparities have been proposed, 

including both social (e.g., race-based assortative mixing in sexual partnerships) and 

complex structural factors (e.g., racism, mass incarceration, inadequate access to care and 

low rates of health insurance coverage).3 Despite efforts to address the multifactorial causes 

of these disparities, incidence has decreased among WMSM in the US since 2008, while no 

significant changes have been observed in AAMSM.4

Once daily pre-exposure prophylaxis (PrEP), formulated as a single tablet containing 

tenofovir disoproxil fumarate (TDF) and emtricitabine (FTC), is an acceptable and effective 

biomedical HIV prevention tool among MSM.5–7 PrEP use has increased among MSM in 

the US since 2012,8,9 but has been slow due to a number of factors, including financial costs,
10 lack of perceived appropriateness based on perceived risk for HIV acquisition,11 concerns 

regarding behavioral risk compensation and increasing rates of sexually transmitted 

infections (STIs) among PrEP-using MSM,12 and stigma.13 Previous modeling studies have 

shown that expanded PrEP coverage could provide population-level benefits.14,15 PrEP 

uptake has been uneven across racial subgroups of MSM,16–18 which may contribute to our 

nation’s persistent and widening racial disparities in HIV incidence.1,2 Previous studies have 

shown that there is little or no difference in willingness to use PrEP between AAMSM and 

WMSM, but PrEP use is much lower among AAMSM (2.5% nationwide in 2014) compared 

to WMSM (5.3% nationwide in 2014).19 A growing body of literature has begun to 

document racial/ethnic inequities in PrEP utilization, particularly among AAMSM, and have 

theorized the role these inequities play in furthering racial/ethnic disparities in HIV 

incidence.20–22

Employing an agent-based model (ABM), we simulated the impact of varying levels of PrEP 

use among MSM, with and without explicit racial differences in adherence and retention in 

care, on racial disparities in HIV incidence among a population of MSM. We use the city of 

Atlanta, Georgia as a case study, given the marked racial disparities in HIV prevalence and 

incidence in the city.23,24 Using a base implementation scenario with current estimated race-

specific PrEP coverage levels (2.5% among AAMSM, 5.0% among WMSM) with explicit 

racial differences in adherence and retention in care,19,25 we compare relative decreases in 

HIV incidence in each subgroup as well as a disparity ratio of AAMSM to WMSM 

incidences. We hypothesized that continued low PrEP coverage among AAMSM relative to 

WMSM, along with no improvements to any downstream aspects of the PrEP continuum 

(i.e., retention in PrEP care and PrEP adherence) would decrease HIV incidence among both 

groups but exacerbate the existing disparities in HIV incidence, while increasing coverage 

among AAMSM to a level equal to or higher than that among WMSM, along with 

improvements to retention in PrEP care and PrEP adherence among AAMSM, would reduce 

these disparities.
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METHODS

Model Setting

Agent-based modeling (ABM) is an individual-based micro-simulation approach to 

understanding how micro-level interactions generate and influence macro-level phenomenon 

at the population-level.26 The ABM simulated HIV transmission between 2015 and 2024 

within a population representing all adult AAMSM and WMSM in Atlanta, Georgia. 

Detailed information regarding parameter values, calibration, key model assumptions, and 

data sources are shown in the supplemental appendix. Each individual agent’s behaviors and 

characteristics were informed by local data where possible, as well as by estimates from the 

existing literature as needed. The ABM modeled a dynamic population of adults aged 18 to 

64 years in steady state, where individuals left the population at death or due to aging out 

age 65. Demographic, behavioral, and clinical characteristics for new incoming individuals 

were drawn stochastically from the same distribution used to create the base population at 

model initiation (Table 1).

Sexual Behavior and Sexual Networking

As the model progressed through discrete time-steps (each representing one calendar 

month), individuals formed and dissolved sexual partnerships with other individuals, 

engaged in sexual acts, and acquired HIV infection within serodiscordant partnerships. The 

formation and dissolution of these dyadic partnerships generated dynamic sexual networks 

within the model. Each individual was assigned a target annual number of sex partners each 

year, as well as a static sexual role class to determine their anal intercourse behaviors within 

a sexual dyad (exclusively insertive, exclusively receptive, and versatile). Individuals 

engaged in a specific number of sex acts with their partners based on an assigned target 

annual number of sex acts.

HIV Transmission, Treatment, and Progression

The base per-act probabilities of HIV transmission for condomless insertive and receptive 

anal intercourse were based on estimates from prior literature.27 These per-act probabilities 

of HIV transmission were scaled based on several dyad-specific factors, including whether 

the HIV-infected agent had achieved viral load suppression and whether the HIV-uninfected 

agent was using oral PrEP and, if so, their level of adherence to PrEP. To increase 

computational efficiency, condom-protected acts were not explicitly modeled and assumed 

to carry a negligible risk of HIV transmission. The probability of condom use decreased as a 

function of the number of prior contacts with a sex partner.28 Upon seroconversion, HIV-

infected agents probabilistically moved through the treatment cascade from diagnosis to 

initiation and persistence on highly active antiretroviral treatment (HAART) and 

achievement of viral load suppression. Parameters for all stages of the treatment cascade 

were race-stratified, reflecting lower rates of diagnosis, linkage and retention in care, and 

viral load suppression among AAMSM relative to WMSM.3

Upon initiation of HAART, individuals were assigned an adherence classification, where it 

is assumed that individuals with optimal adherence to HAART (i.e., those who take 90% or 

more of all doses) will have an undetectable viral load at a threshold of less than 200 
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copies/mL. Given the potential for HIV treatment interruption and discontinuation, it is 

assumed that some agents on HAART may discontinue therapy for any length of time, with 

race-stratified monthly probabilities of HAART discontinuation. Those who discontinue 

HAART at any time may re-initiate at the same rates of those who are newly diagnosed.

A base probability of progression to AIDS was assigned to all HIV-infected agents. HIV-

infected agents with suboptimal adherence to HAART (i.e., those who take less than 90% of 

all doses and without viral load suppression) had identical probabilities of progression to 

AIDS as all other HIV-infected agents (regardless of their diagnosis status). HIV-infected 

agents with optimal adherence to HAART were assumed to be less likely to progress to 

AIDS and experienced a scalar reduction in the probability of progression.

Oral Pre-Exposure Prophylaxis (PrEP) Use and Continuum of Care

In the model, individuals were considered eligible to initiate PrEP if they were HIV-

uninfected and had engaged in condomless anal intercourse in the past year. All individuals 

who met these criteria had an equal probability of initiating PrEP until the target coverage 

level was achieved. Parameters pertaining to PrEP users were based on the assumption that a 

patient will receive a 90-day prescription at each visit, and that a patient is considered 

retained in care if they had a clinical care visit in the past six months. Individuals were 

categorized as out of care, and therefore, no longer using PrEP, if they had not had a visit 

within six months. At initiation, individuals were categorized with a static level of adherence 

as optimal (defined as taking four or more doses per week) or suboptimal (defined as taking 

two or three doses per week). Those with optimal adherence experienced a 96% reduction in 

the per-act probabilities of HIV acquisition, with those with partial adherence had a 76% 

reduction.29 Any individual who was not retained in care but continued to engage in 

condomless anal intercourse was eligible to re-initiate PrEP after twelve months with the 

same probability as any other eligible individual. Individuals who used PrEP but were not 

retained in care were immediately replaced with a new individual on PrEP to maintain the 

target coverage level.

Model Scenarios

The main analyses compared HIV incidence among AAMSM and WMSM across PrEP 

implementation scenarios with varying scenarios of equal and unequal race-specific 

coverage to a base implementation scenario. The base implementation scenario was based 

on current estimates of race-specific PrEP coverage among AAMSM (2.5%) and WMSM 

(5.0%), with no racial differences in adherence and retention in care. Each scenario began in 

January 2015 with a set constant coverage level of PrEP use. The model was calibrated to 

reproduce race-specific estimates of HIV incidence derived from a prospective cohort of 

MSM in Atlanta.23

In the first set of scale-up scenarios, PrEP coverage among AAMSM and WMSM are 

increased by the same factor (i.e., two- and six-fold). These simulations represent scenarios 

where no explicit intervention is implemented to improve the rate of PrEP initiation among 

AAMSM relative to WMSM (that is, where WMSM are twice as likely to initiate PrEP than 

AAMSM). In the second set of scale-up scenarios, PrEP coverage is increased to equal 
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levels among AAMSM and WMSM (i.e., to 5%, 10%, and 30%). These simulations 

represent scenarios where explicit interventions are implemented to improve the rate of PrEP 

initiation among AAMSM relative to WMSM such that AAMSM and WMSM are equally 

likely to initiate PrEP.

Outcome Measures

The primary comparison measure was the disparity ratio of the HIV incidence among 

AAMSM to the HIV incidence among WMSM, where a disparity ratio of 1 indicates 

equivalent HIV incidence rates among AAMSM and WMSM. For each scale-up scenario, 

the HIV incidence for the overall population is provided in addition to separate race-specific 

HIV incidence values in order to reflect the effect of each scenario on HIV transmission in 

the overall population of MSM as well as within each racial subgroup. In addition, the 

percent reduction in HIV incidence overall as well as for each subgroup was calculated 

relative to the base implementation scenario. All estimates are presented as median values 

with 95% simulation intervals (SIs).

RESULTS

The ABM simulated HIV transmission among 10,000 MSM in the city of Atlanta over ten 

years (51.2% AAMSM; 48.8% WMSM). In the base implementation scenario, with 2.5% of 

AAMSM and 5% of WMSM using PrEP, incidence for the overall population was 2.37 

infections per 100 person-years (95% SI: 2.26, 2.48), with an incidence of 2.95 per 100 

person-years among AAMSM (95% SI: 2.80, 3.10) and 1.76 per 100 person-years among 

WMSM (95% SI: 1.63, 1.88) and a disparity ratio of 1.68 (95% SI: 1.55, 1.82).

Based on these trends, if both coverage levels were to immediately increase to 5% among 

AAMSM and 10% among WMSM (i.e., increase two-fold without any additional 

intervention to increase the rate of initiation among AAMSM), the model predicts a median 

overall incidence of 2.15 infections per 100 person-years (95% SI: 2.04, 2.25), with a 

median incidence of 2.77 per 100 person-years (95% SI: 2.04, 2.25) among AAMSM and 

1.50 per 100 person-years (95% SI: 1.39, 1.60) among WMSM (Table 2). This corresponds 

to a median decrease of 9.3% in overall HIV incidence, including a 6.0% decrease among 

AAMSM (Figure 1) and 14.9% decrease among WMSM (Figure 2). However, despite these 

decreases in HIV incidence, the disparity ratio increases by a median of 10.2% to 1.85 (95% 

SI: 1.71, 2.01).

If both coverage levels were to increase further to 15% among AAMSM and 30% among 

WMSM (i.e., increase six-fold without any additional intervention to increase the rate of 

initiation among AAMSM), the model predicts a median overall incidence of 2.01 infections 

per 100 person-years (95% SI: 1.91, 2.10), with a median incidence of 2.65 per 100 person-

years (95% SI: 2.52, 2.79) among AAMSM and 1.34 (95% SI: 1.23, 1.44) among WMSM. 

This corresponds to a median decrease of 15.2% in overall HIV incidence, among a 10.4% 

decrease among AAMSM and 24.0% decrease among WMSM. However, despite these 

decreases in HIV incidence, the disparity ratio increases by a median of 18.3% to 1.98 (95 

SI: 1.83, 2.17).
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Intervening to increase the rate of PrEP initiation among AAMSM can reduce also reduce 

HIV incidence (Table 3). If both coverage levels were set to 20%, for example, the model 

predicts a median overall incidence of 2.01 (95% SI: 1.91, 2.11), representing a median 

decrease of 15.2%. The median incidence among AAMSM decreases by 14.2% to 2.53 per 

100 person-years (95% SI: 2.40, 2.68), while the median incidence among WMSM 

decreases by 16.7% to 1.46 (95% SI: 1.35, 1.58) (Figure 2). In addition to producing 

significant decreases in HIV incidence, equalizing coverage exacerbates existing disparities 

to a lesser extent. In this case, the disparity ratio increases by a median of 3.1% to 1.73 (95% 

SI: 1.59, 1.90), rather than increasing by 10.2% to 1.85 (95% SI. 1.71, 2.01) when WMSM 

were twice as likely to initiate PrEP as AAMSM.

DISCUSSION

To our knowledge, this study is among the first to assess the potential impact of PrEP scale-

up on racial disparities in HIV incidence among AAMSM and WMSM. While studies have 

modeled the potential effect of increased use of PrEP among MSM and suggested that 

expanded use may lead to reductions in HIV transmission,14,15 to date, no studies have 

evaluated how observed and continued racial inequities in access to PrEP impact racial 

disparities in HIV incidence. Despite generating significant decreases in the cumulative 

number of new HIV infections over a ten-year period among both AAMSM and WMSM, 

increasing PrEP use alone was insufficient in narrowing racial disparities in HIV incidence 

between these two groups.

Among MSM in Atlanta, large increases in coverage of PrEP among AAMSM and WMSM 

are needed to generate decreases in HIV incidence in line with the goals of the National 

HIV/AIDS Strategy.30 These results demonstrate that increasing PrEP coverage without 

addressing racial inequities in access to PrEP may exacerbate the existing disparities in HIV 

incidence among AAMSM. Significant increases in PrEP use are needed among AAMSM, 

but PrEP alone cannot narrow these disparities. Similar conclusions were reached by Jenness 

and colleagues (2017) who used an agent-based model of MSM to predict the impact of 

intervening at each point along the PrEP continuum among AAMSM, suggesting that 

improvements in PrEP uptake among AAMSM could further reduce HIV incidence.20 

However, the exacerbation of these disparities in HIV incidence cannot be prevented entirely 

by increasing PrEP uptake among AAMSM to levels equal to those among WMSM, as it is 

likely that the impact of PrEP among AAMSM is impacted by other aspects of PrEP 

continuum of care that may also have important impacts on HIV incidence, such as 

adherence and retention in PrEP care.20

Other HIV prevention and access to care interventions, along with improvements to the HIV 

treatment cascade, are also needed. AAMSM report high willingness to use PrEP,19 but 

multilevel interventions are needed to improve access to and initiation of PrEP among this 

population. Structural interventions, such as those that expand insurance coverage, may 

alleviate cost-related barriers to PrEP initiation and retention,31 while community-level 

interventions, such as educational campaigns that address common concerns and 

misconceptions regarding PrEP use, may alleviate stigma-related barriers.32 Provider-level 

interventions may also help to ensure that AAMSM are able to disclose their same-sex 
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sexual behavior and have their need for PrEP assessed in line with existing clinical 

recommendations.33 Although fewer AAMSM have behavioral indications for PrEP,19 

current clinical recommendations suggest that clinicians “consider the epidemiologic context 

of the sexual practices reported by the patient” when prescribing PrEP34 As such, the high 

incidence and prevalence of HIV infection among AAMSM in many settings in the US 

warrants expanded use of PrEP despite less frequent engagement in condomless anal 

intercourse. However, despite high levels of interest in using PrEP and offering PrEP free of 

charge to all interested individuals, Rolle and colleagues (2017) found that few young 

AAMSM in Atlanta initiated PrEP.21 As such, more intensive interventions, such as the 

client-centered care coordination counseling (C4) approach used in HPTN 073, a PrEP 

demonstration project among AAMSM in three U.S. cities, may be needed,35 as the low 

uptake of PrEP among AAMSM cannot be explained by lack of access alone.

Limitations

These findings are subject to several limitations. First, local data were used to parameterize 

the model where possible, but as in many individual-base models, the input parameters were 

derived from a number of different sources, which may introduce bias and adversely affect 

the representativeness of the model as well as the generalizability of the simulation outputs.
36 However, given that the vast majority of parameters were derived from studies involving 

MSM in Atlanta, we are confident that the magnitude of this bias, if present, is relatively 

minimal. In addition, while the current model uses a network formation process based on a 

negative binomial distribution of the target number of sexual partners per year, other tools 

for creating these networks are available (e.g., exponential random graph models [ERGMs]),
37 with their own strengths and limitations. Despite differences between our approach and 

other available tools, our findings and conclusions regarding the impact of racial inequities 

in PrEP use and persistence on racial disparities are similar to an ERGM-based model that 

aimed to predict the impact of intervening at each point along the PrEP continuum among 

AAMSM.20 Second, in all scenarios, PrEP was targeted to individuals in the model who 

engaged in condomless anal intercourse in the past twelve months. We acknowledge that 

there are other indications for PrEP use based on current recommendations that were not 

included in the model, including recent diagnoses with STIs.34 As such, the proportion of 

MSM who are eligible to initiate PrEP use may be underestimated in the base scenario. In 

addition, the ABM does not model STI transmission. Because having an active untreated 

STI increases risk of HIV acquisition and transmission,38 the model may underestimate 

individual susceptibility to HIV infection or probability of HIV transmission. Future models 

should incorporate STI transmission alongside HIV transmission to further understand the 

relative contributions of STIs to HIV transmission. We did not model breakthrough resistant 

infections among PrEP users who were partially adherent to the medication, as these have 

been shown to be rare.39 Future models should incorporate parameters to simulate the 

development and impact of drug resistance to better understand its contributions to HIV 

transmission in contexts where PrEP is used.
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CONCLUSION

Lower levels of use limit the population-level impact of PrEP among AAMSM, leading to 

higher than current HIV incidence disparities but with lower than currently observed 

incidence rates among both subgroups. Novel interventions are needed to improve PrEP 

uptake among AAMSM to avoid further exacerbation of these existing disparities.
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Figure 1. 
Percent reduction in HIV incidence among African American men who have sex with men 

(AAMSM) in Atlanta, Georgia (2015 to 2024) with increased pre-exposure prophylaxis 

(PrEP) coverage, compared to a base case scenario where PrEP is unavailable
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Figure 2. 
Percent reduction in HIV incidence among White men who have sex with men (WMSM) in 

Atlanta, Georgia (2015 to 2024) with increased pre-exposure prophylaxis (PrEP) coverage, 

compared to a base case scenario where PrEP is unavailable
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Table 1.

Summary of key model parameters

Domain Overall AAMSM WMSM Source

Demographic Characteristics

 Population size (n) 10,000 5,120 48,880 40

 Age distribution (%) 40

  18 to 24 years 18.0 15.1

  25 to 34 years 22.6 28.2

  35 to 44 years 18.4 21.0

  45 to 54 years 16.9 17.3

  55 to 64 years 14.3 11.6

  65 to 74 years 9.9 6.7

Sexual Behaviors

 Number of sex partners per year (%) 41

  Median (Interquartile Range) 5 (3–9) 7 (4–12)

 Duration of sexual partnerships (%) 28

  <1 month 28.1 27.3

  1 to 3 months 20.9 14.7

  4to 12 months 28.1 32.0

  > 13 months 23.0 26.1

 Probability of condom use

  0 prior encounters with partner 0.688 0.528 28

  1 prior encounter with partner 0.629 0.483

  2 to 9 prior encounters with partner 0.578 0.444

  ≥10 prior encounters with partner 0.198 0.152

 Probability of HIV transmission (per act)27

  Condomless insertive anal intercourse 0.0011

  Condomless receptive anal intercourse 0.0138

Pre-Exposure Prophylaxis Use

 Retention in clinical care, 6 months (%) 38.8 35.8 43

 Optimal adherence (≥4 pills per week) (%) 50.8 51.4 43

 Reduction in risk of HIV acquisition (%) 29

  Optimal adherence 96.0

  Suboptimal adherence 76.0
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