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Background: People who inject drugs (PWID) lag behind other key populations in HIV care
continuum outcomes. The impacts of criminal justice reform and increasing drug treatment access
on HIV have been underexplored.

Methods: We developed agent-based models (ABM) of sexual partnerships among PWID

and non-PWID, and injection equipment-sharing partnerships among PWID in five US cities
(Baltimore, Boston, Miami, New York City, San Francisco) over 3 years. The first set of ABM
projected changes in partnership discordance among PWID as a function of decreasing ZIP
code-level incarceration rates. The second set projected discordance as a function of increasing
ZIP code-level drug treatment access. ABM were parameterized and validated overall, and by city
and PWID race/ethnicity (Black, Latino, White) using National HIV Behavioral Surveillance data,
administrative ZIP code-level data, surveillance reports and prior literature. Informed by research
on prisoner release and community-level HIV prevalence, reductions in incarceration rates were
fixed at 5% and 30% and respectively projected to increase ZIP code-level HIV prevalence by 2%
and 12%. Increases in drug treatment access were fixed at 30% and 58%.

Results: In each city, a 30% reduction in ZIP code-level incarceration rates and 12% increase in
ZIP code-level HIV prevalence significantly increased sero-discordance among at least one racial/
ethnic group of PWID by 1-3 percentage points. A 5% reduction in incarceration rates, and 30%
and 58% increases in drug treatment access, led to isolated significant changes in sero-discordance
among Black and White PWID that were less than 1 percentage point.

Conclusion: Reductions in incarceration rates may lead to short-term increases in sero-
discordant partnerships among some PWID by increasing community-level HIV prevalence.
Efforts to increase HIV testing, engagement in care and community reintegration post release,
should be strengthened in the wake of incarceration reform. Additional research should confirm
these findings and explore the lack of widespread impacts of drug treatment in this study.

Keywords
HIV; people who inject drugs; incarceration; drug treatment; agent-based models

Background

People who inject drugs (PWID) remain at risk of HIV acquisition (Burnett, Broz, Spiller,
Wejnert, & Paz-Bailey, 2018). In the era of treatment as prevention, gaps in viral suppression
among PWID and non-PWID in some cities is narrowing (Don C. Des Jarlais, Kert,
Carrieri, Feelemyer, & Arasteh, 2016; Lesko, Tong, Moore, & Lau, 2017), but national
estimates point to disproportionately low viral suppression among PWID (Karch, Gray,
Shi, & Hall, 2016), and racial disparities still exist, with Black and Latino/Hispanic PWID
bearing most of the burden of HIV diagnoses and sub-optimal HIV treatment outcomes
(Burnett, et al., 2018; Gant, Dailey, Hu, & Johnson, 2017; Karch, et al., 2016). Collectively,
these circumstances suggest structural interventions should be coupled with biomedical
approaches to reach national goals of ending the HIV epidemic in the United States (Fauci,
Redfield, Sigounas, Weahkee, & Giroir, 2019). Criminal justice reform and increasing drug
treatment access under the Affordable Care Act are among the structural approaches that
may combat HIV transmission among PWID.
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Drug control policy, incarceration and HIV transmission

The US has the highest incarceration rate in the world (“World Prison Brief,” 2020).
Drug-related offenses account for the largest share of incarcerations (“Bureau of Prisons
Statistics,” 2020), but are documented to neither reduce drug use nor drug market activity
(Melo, et al., 2018; “More imprisonment does not reduce state drug problems,” 2018; Werb,
et al., 2008). Instead drug control policies have led to stark racial inequities in incarceration
(“The Color of Justice: Racial and Ethnic Disparity in State Prisons,” 2016) (Alexander,
2010; Bronson & Carson, 2019; Musto, 1987).

Incarceration is also a determinant of HIV acquisition. HIV infection in US prisons (1.5%)
is five times greater than the general population (Maruschak, 2015), and the mechanisms
linking incarceration to HIV risk are behavioral, social and structural. Threat of arrest
increases syringe and other equipment sharing and underutilization of syringe service
programs among PWID (Beletsky, et al., 2015; Burris, et al., 2004; H. Cooper, Moore,
Gruskin, & Krieger, 2005; DeBeck, et al., 2017; Park, Linton, Sherman, & German, 2019;
Small, Rhodes, Wood, & Kerr, 2007; Werb, et al., 2008). Incarceration encourages sexual
network dynamics that accelerate HIV transmission (Farel, et al., 2013; James & Glaze,
2006; McClelland, Teplin, Abram, & Jacobs, 2002; Mumola & Karberg, 2007; Rosen, et
al., 2009; Seal, Eldridge, Zack, & Sosman, 2010) ((Adimora & Schoenbach, 2005; H. L. F.
Cooper, et al., 2015; Khan, et al., 2011; Nunn, et al., 2012; Nunn, et al., 2011; Thomas &
Torrone, 2008) (Lucas, et al., 2016)). Seroconversion can occur in correctional settings (Jafa,
et al., 2009; Macher, Kibble, & Wheeler, 2006). Lastly, incarceration creates vulnerability to
HIV post-release, by disrupting drug treatment, HIV care and treatment, and disqualifying
men and women from employment and social benefits (Alexander, 2010; Curtis, Garlington,
& Schottenfeld, 2013; Musto, 1987; Silva, 2015).

Role of criminal justice reform on HIV transmission

In response to US drug control policies’ inability to reduce substance use and instead
increase health and social inequities, several US states have legalized cannabis for medicinal
and recreational use and possession, and/or reclassified possession of small amounts of
cannabis to be a civil offense. Under the Trump administration, the US government enacted
the First Step Act, which included efforts to retroactively eliminate sentencing disparities
between crack and cocaine and reduce mandatory minimums for men and women enrolled
in eligible rehabilitation programs. The Biden-Harris administration has promised to take
further steps toward justice reform, by completely eliminating the federal crack and cocaine
disparity, decriminalizing cannabis use, and investing in mental health and substance use
services and treatment.

These criminal justice reform policies have the potential to influence HIV transmission
through behavioral, network, and structural mechanisms, but the paths linking criminal
justice reform to HIV transmission may be countervailing (figures 1-2). Reductions in
incarceration rates as part of criminal justice reform efforts may reduce HIV risk behaviors
and transmission within correctional settings, stabilize sexual networks and increase access
to drug treatment, HIV care and treatment, and social benefits. However, because of the
disproportionate rate of HIVV among incarcerated adults, community-level HIV prevalence
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may initially /ncrease when persons living with HIV or who are at risk of acquiring HIV
remain in the community, or are released to the community (Ojikutu, Srinivasan, Bogart,
Subramanian, & Mayer, 2018).

The impacts of criminal justice reform on HIV may also vary according to where people
live, their racial/ethnic background, and their social networks. Residential segregation
disproportionately sorts Black and Latino people into neighborhoods with higher levels of
intensified policing and HIV determinants (e.g., poverty) than White people (Alexander,
2010; Pietila, 2012; Reardon, Fox, & Townsend, 2015; Wilson, 1997). Further, racial
differences in partner homophily (Aral, et al., 1999; Laumann & Youm, 1999; Momplaisir,
et al., 2017), and prevalence of HIV in sexual and drug-using networks (Burnett, et al., 2018;
Momplaisir, et al., 2017; Williams, et al., 2013), may modify the impacts of criminal justice
reform on HIV prevalence.

Medicaid expansion and access to drug treatment

Similar to criminal justice reform, increases in drug treatment access, particularly
medication-assisted treatment (MAT), may impact HIV transmission via behavioral, network
and structural mechanisms. However, evidence suggests that these impacts are largely
ameliorative, as MAT has been associated with protective sexual behaviors and engagement
in HIV care and treatment (Brown, Eriksen, Gause, Brody, & Sales, 2018; Culbert, et

al., 2018; D. C. Des Jarlais, et al., 2013; Farrell, Marsden, Ling, Ali, & Gowing, 2005;
Larney, 2010; Mathers, et al., 2010; Millson, et al., 2007; Shoptaw, et al., 2005; Sorensen &
Copeland, 2000; Volkow, Jones, Einstein, & Wargo, 2018).

Role of drug treatment expansion on HIV risk

The expansion of Medicaid to include lower-income people (e.g., annual incomes below
138 % of the federal poverty level) as part of the 2014 Affordable Care Act has increased
insurance coverage among low-income people. Thus, a prominent hypothesis is that by
doing so, drug treatment access and utilization will increase among this population. To date,
research investigating the impacts of Medicaid expansion on drug treatment utilization have
been mixed, (Baicker, Allen, Wright, & Finkelstein, 2017; Feder, et al., 2017; McKenna,
2017; Meinhofer & Witman, 2018; Saloner, Landis, Stein, & Barry, 2019; Saloner, Levin,
Chang, Jones, & Alexander, 2018; Wen, Hockenberry, Borders, & Druss, 2017) (Feder,

et al., 2017; Olfson, Wall, Barry, Mauro, & Mojtabai, 2018)). However, in cases when
Medicaid expansion increases drug treatment access and utilization, it may protect against
HIV acquisition and transmission by encouraging safer drug use and sexual behaviors, and
decreasing partnerships with other people who use drugs (Bohnert, Bradshaw, & Latkin,
2009; Brown, et al., 2018; Culbert, et al., 2018; Davey-Rothwell, Frydl, & Latkin, 2009; D.
C. Des Jarlais, et al., 2013; Farrell, et al., 2005; Larney, 2010; Mathers, et al., 2010; Millson,
et al., 2007; Shoptaw, et al., 2005; Sorensen & Copeland, 2000; Volkow, et al., 2018).

Like incarceration reform efforts, the potential for increases in drug treatment access to
impact HIV transmission may vary according to place-based residential characteristics, local
policies, personal networks and racial/ethnic background. For example, our prior research
suggests predominantly-Black and Latino neighborhoods have less spatial access to drug
treatment programs (H. L. F. Cooper, et al., 2016).
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Modeling the impact of reducing incarceration rates and increasing access to drug
treatment on sero-discordant partnerships

Methods

Informed by prior literature, figures 1-3 illustrate the multiple pathways linking reductions
in incarceration rates and increases in drug treatment access to sero-discordant sexual and
injection networks. Analysis of the multiple mediating and feedback pathways displayed in
these conceptual frameworks require a complex systems approach. Agent-based modeling
(ABM) has increasingly been used as a tool to evaluate HIV epidemiology and impacts of
prevention (Marshall, et al., 2012; Escudero, et al., 2017;(Adams, et al., 2018, 2019).

In an era when federal and state-level efforts to reform drug policy by reducing incarceration
rates and increasing access to drug treatment coexist with consistent debates over rejecting
or imposing restrictions on Medicaid expansion within local jurisdictions (e.g., issuing

work requirements, disqualifying people living below the poverty line) (Luhby, 2019;
“Status of State Action on the Medicaid Expansion Decision,”), application of ABM to
examine whether the impacts of these policies can be leveraged to prevent and control HIV
transmission is timely. Although progress along the HIV care continuum is documented
among PWID in some cities, like Miami, New York City and Baltimore (Lesko, et al., 2017),
national surveillance data and local data from some cities suggest PWID lag behind other
key populations in engagement in HIV care, achievement of viral suppression (Karch, et al.,
2016), and utilization of PREP (Biello, et al., 2018; McFarland, et al., 2019; Roth, et al.,
2019). Furthermore, racial disparities in HIV diagnoses, engagement in HIV care and viral
suppression persist (Burnett, et al., 2018; Gant, et al., 2017; Karch, et al., 2016; Klevens,

et al., 2018; McFarland, et al., 2019). Collectively, this literature strengthens rationale for
investigating the role of policies and structural approaches, including incarceration reform
and increasing access to drug treatment on HIV transmission among this population.

This study expands application of ABM in HIV epidemiological research to project
whether reductions in incarceration rates and increases in drug treatment access impact
sero-discordant sexual and injection equipment-sharing partnerships among Black, Latino
and White PWID living in 5 large US cities between 2009 and 2012. Sexual and injection
equipment-sharing partnerships were selected as the measurable outcome in this study due
to low incidence rates of HIV among the sample of PWID used to validate the ABM.

Overview and Data Sources

We created a series of agent-based models (ABM) of sexual and injection equipment-sharing
relationships among PWID, and sexual relationships of people who do not inject drugs

over time in order to explore the potential impacts of reducing incarceration rates and
increasing access to drug treatment on sero-discordant sexual and injection equipment-
sharing partnerships among PWID exclusively. Sero-discordance was defined as one
outcome which jointly combined sexual and injection equipment-sharing partnerships. The
ABM was parameterized using individual-level demographic, health behavior, network, and
HIV-related outcome information from multiple sources, including data extracted from prior
literature and surveillance reports and observed individual-level data from PWID enrolled
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in the 2009 and 2012 cycles of the Centers for Disease Control and Prevention’s National
HIV Behavioral Surveillance (NHBS) in Baltimore, Boston, New York City, San Francisco
and Miami. Data on ZIP code and MSA characteristics were based on individual-level data
from NHBS participants aggregated to the ZIP codes where NHBS participants lived, and
data extracted from publicly available datasets, including the US Census Bureau’s American
Community Survey, and from published literature and CDC surveillance reports. NHBS
individual-level data aggregated to ZIP codes were not considered for parameterization of
ZIP code-level features in the model when there were fewer than 5 NHBS participants in a
given ZIP code.

Briefly, we provide background on the NHBS study from which most individual-level data
used to parameterize the model were drawn. Data from the five sites, Baltimore, Boston,
New York City, San Francisco and Miami, were selected from a larger sampling frame

of 21 MSAs included in NHBS because of data availability for model inputs, and their
representation of different US regions and policy environments. Participants enrolled in
NHBS were recruited using respondent-driven sampling and met eligibility criteria if they
were =18 years of age; reported injection drug use in the past year; demonstrated evidence
of injection (e.g., track marks); residence in an NHBS-eligible MSA; and provided oral
consent (Gallagher, Sullivan, Lansky, & Onorato, 2007). The analytic sample used for
model parameterization was further restricted to eligible PWID who completed the NHBS
questionnaire; reported valid survey and ZIP-code level information (note: because different
people were sampled between these years, the sample of residential ZIP codes varied
between cycles); were male or female (transgender PWID were excluded because of small
sample size (n=14 in 2009; n=12 in 2012); and were Black, White or Hispanic/Latino.
PWID who did not identify with these racial/ethnic groups were excluded because of small
sample size (=48 in 2009; n=52 in 2012).

Descriptive Analysis

The distribution of key characteristics of NHBS PWID participants, the ZIP codes where
NHBS PWID lived were described, as were values of parameters extracted from literature,
surveillance reports, and the US Census Bureau.

Agent based model

Model Output—The model output sexual or injection equipment-sharing HIV
discordance, whereby an HIV infected person who injects drugs and not on ART was in

a sexual or injection equipment-sharing partnership with an HIV-negative partner. Aggregate
metrics of discordance (i.e., the fraction of agents in a discordant sexual or injection
equipment-sharing relationships) were estimated in the agent-based model. The first set of
computational ABM projected sero-discordance overall and for each racial/ethnic group of
PWID in each ZIP code and MSA. A second and third series of ABM respectively simulated
how reductions in incarceration rates and increases in drug treatment access impacted mean
sero-discordance for PWID overall and within each racial/ethnic group of PWID in each
MSA.
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Calibration—Agents in the ABM represented both PWID and people who do not inject
drugs that interacted with each other. Model parameters included static properties and
behaviors that were estimated from observed data from PWID enrolled in NHBS and data
extracted from prior literature and surveillance reports.

Agent properties

Individual-level data from participants enrolled in NHBS, prior literature, and surveillance
reports were used to initialize the following set of static agent properties: age, race/ethnicity,
gender, number of sexual partners, number of injection equipment-sharing partners (among
PWID), HIV status, and anti-retroviral therapy (ART) status. ZIP code-level data on HIV
prevalence, ART rates, racial/ethnic composition and male: female sex ratios from the US
Census Bureau’s American Community Survey and from published literature and CDC
surveillance reports were used to initialize the population of agents within a given ZIP code,
such that the distribution of these characteristics across the population of agents within the
given ZIP code matched the empirical distributions in each zip code estimated from the
sources used for parameterization.

Agent Behaviors

We ran our model separately for each ZIP code, with every model run simulating 36
months, which corresponded with the 36-month period between NHBS data collection
cycles (2009 and 2012). During each simulated month, agents regardless of injection status
could: (1) create or (2) break sexual partnerships; (3) become incarcerated or (4) return from
jail/prison. Among agents who injected drugs, during each simulated month, in addition

to the 4 behaviors mentioned, they could: (1) create or (2) break injection equipment-
sharing partnerships, or (3) enter drug treatment or (4) return from drug treatment. Agent’s
behaviors were determined by their static properties and the static properties and behaviors
of other agents in the model and the distribution of ZIP code-level characteristics (i.e.,
male-female sex ratios, racial/ethnic composition, proportion of non-PWID and PWID with
HIV, proportion of non-PWID and PWID with HIV who use antiretroviral therapy).

Preset rules based on data from participants enrolled in NHBS across the 5 sites of interest
also determined sexual and injection behaviors and incarceration and drug treatment status.
Specifically, agents searched for new sexual partners (regardless of status of injecting drugs)
when agents had less sexual partners than their target network degree (See Appendix A).
Propensity to establish partnerships with same race/ethnicity members as documented in
prior research (Aral, et al., 1999; Laumann & Youm, 1999; Momplaisir, et al., 2017), was
modeled according to NHBS participants’ predicted probability of selecting a sexual partner
of the same race/ethnicity (calculation presented in Appendix A).

New injection equipment-sharing partnerships were likewise established when PWID agents
had fewer injection equipment-sharing partners than their target degree (see Appendix

A). Propensity to establish same-gender injection equipment-sharing partnerships (Mayock,
Cronly, & Clatts, 2015; Powis, Griffiths, Gossop, & Strang, 1996) was modeled according
to NHBS participant’s predicated probability of selected an injection equipment-sharing
partner of the same gender (see Appendix A).
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NHBS participant data on race/ethnicity was used to determine drug treatment and
incarceration rates among PWID and people not injecting drugs (see Appendix A).

Injection equipment-sharing and sexual partnerships were simulated to become dormant
during periods of incarceration, and injection equipment-sharing partnerships were
simulated to become dormant during periods of drug treatment (see Appendix A). To
maintain parsimony, duration of incarceration and drug treatment did not vary. When
partnerships were dormant during periods of incarceration or drug treatment, sexual
partnerships and injection equipment-sharing partnerships were inactive and were not
considered in the estimations of discordance. However, they were modeled to similarly
dissolve at the same rate as they would have otherwise dissolved when active (i.e., when
not incarcerated or in drug treatment). Furthermore, agents were simulated to not become
incarcerated when in drug treatment. Sexual and injection equipment-sharing partnerships
were reestablished after periods of incarceration or drug treatment according to partnership
rules described above.

To ensure that the model was producing discordance estimates that were within empirical
bounds, we compared the model estimates produced at baseline when policy impacts were
not tested to the observed proportion of sero-discordant sexual and injection equipment-
sharing partnerships in the past 12 months among PWID enrolled in NHBS (n=2592

in 2009; n=2580 in 2012). The proportion of sero-discordant partnerships among NHBS
participants was defined using data on participants’ self-reported HIV status and the

status of their last sexual and injection equipment-sharing partner. HIV status of the last
sexual partner was asked of PWID who reported vaginal or anal sex in the past year.
Same-sex and heterosexual partnerships among men were considered in the determination
of sero-discordant partnerships. If both were reported by a male participant, the most recent
partnership was considered in analysis. Heterosexual partnerships were only considered
among women because detailed characteristics of same-sex partners among women were
not captured in the NHBS questionnaire. Small sample size precluded stratification by main
and casual partnerships. HIV status of the last injection equipment-sharing partner was
asked of PWID who reported sharing injection equipment with others in the past year.

To accommodate the structure of questions used to determine HIV status of participants’
partners, we established two definitions of sero-discordance for validation: whereby “strict”
and “loose”. “Strict” denoted partnerships in which: (1) the NHBS participant self-reported
HIV infected status of herself/himself and uninfected HIV status of her/his sexual or
injection equipment-sharing partner, or (2) the NHBS participant self-reported uninfected
HIV status of herself/himself and HIV infected status of their sexual or injection equipment-
sharing partner. “Loose” denote partnerships in which: (1) the self-reported status of the
participant differs from that of the partner, or (2) a participant who self-reports HIV
infection or uninfected HIV status of herself/himself and reports 7ot knowing the HIV status
of their partner. The model output fell in between the strict and loose empirical estimates.
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“Policy impacts”: reducing incarceration rates and increasing access to drug treatment
Reducing incarceration rates

The policy impacts simulated in the ABM were reductions in incarceration rates and
increases in drug treatment access. Research by Ojikutu and colleagues (Ojikutu, et al.,
2018) informed the projected impacts of reducing incarceration rates on ZIP code-level
HIV prevalence. Specifically, we projected the impacts of small and large reductions in
incarceration rates, whereby a 5% reduction in ZIP code-level incarceration was simulated
to result in a 2% increase in ZIP code-level HIV prevalence and a 30% reduction in ZIP
code-level incarceration was projected to result in a 12% increase in ZIP code-level HIV
prevalence.

Drug treatment expansion

We modeled drug treatment expansion as directly increasing individual-level drug treatment
utilization at low and high magnitudes. Informed by prior research (McKenna, 2017), we
defined a low magnitude increase as 30%, and defined a high magnitude increase as 58%.

Sensitivity analysis

Results

To ensure robustness of the model results to changes in key parameters, we investigated
whether varying dissolution rates and estimates of HIV prevalence and ART rates changed
the results.

Description of PWID enrolled in NHBS and data extracted from other sources

Overall, across MSAs, the mean age of PWID recruited to NHBS in 2009 and 2012 was
43.6 and 45 years, respectively. Most PWID were male (71% in 2009; 72% in 2012).
Racial/ethnic composition of PWID varied across site MSAs for both cycles (Table 1). The
Baltimore site had a predominantly Black PWID population (83-91%) followed by White
(8-17%) and Latino PWID (<1%); Boston PWID were predominantly White (59-72%);
New York PWID were predominantly Latino (56-64%); San Francisco had an almost equal
mix of Black (37-46%) and White (43-48%) PWID, and Miami was the most diverse with
38-44% Latino, 27-42% Black and 20-29% White PWID. Overall, 8-9% of PWID self-
reported HIV positive status, and half of them reported utilizing antiretroviral therapy (55—
65%). Overall, Black PWID reported past-year incarceration (27%-28%) less frequently
than Latino (37-43%) and White PWID (30-39%). Black PWID also reported past-year
drug treatment (31-36%) less frequently than Latino (43%) and White PWID (44-46%).
Distributions of incarceration and drug treatment by race/ethnicity and MSA, and HIV status
are shown in Table 1.

On average, the ZIP codes where this sample of PWID reported residing were home to
approximately 18-34% of residents living below the poverty line. With the exception of
San Francisco, which was projected to have a higher proportion of males to females in ZIP
codes within that MSA, the ZIP codes where most PWID lived had similar proportions of
males to females. Across ZIP codes in Baltimore, the highest mean percentage of residents
were Black (68-69%) followed by White (23—-24%) and Latino residents (3%). In Boston
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and San Francisco, the mean percentage of residents across ZIP codes was highest among
White residents (39-54%) as compared to Black (11-27%) and Latino residents (15-19%).
Latino residents (38-49%) accounted for the highest mean percentage across ZIP codes in
Miami and New York, as compared to Black (25-39%) and White residents (11-26%) in
these cities. (Table 1).

The values and distribution of parameters extracted from literature and surveillance reports,
which were used to parameterize agent, network, and ZIP code level characteristics in the
model are described in Table 1.

Agent based model

MSA-specific distributions of proportions of HIV sero-discordance at baseline
—In the absence of reducing incarceration rates and increasing access to drug treatment, the
“baseline” mean proportions of HIV sero-discordance among sexually active and injection
equipment-sharing PWID varied across MSAs, with San Francisco having the lowest
overall mean proportion of sero-discordance (mean=0.1179, standard error=0.003) and New
York having the highest (mean=0.1853; standard error=0.0003). The magnitude of mean
proportions also varied by racial/ethnic groups of PWID within and across MSAs. (Table 2;
Figures 4-8).

Simulated change in mean HIV sero-discordance as a result of increasing
drug treatment access—With the exception of White PWID in San Francisco, among
whom a 30% increase in drug treatment access resulted in a 0.84 percentage point-increase
in sero-discordance, a 30% increase in drug treatment access did not result in significant
changes in sero-discordance among PWID. With the exception of Black PWID in Baltimore,
among whom a 58% increase in drug treatment access resulted in a decrease in sero-
discordance by 0.65 percentage points, a 58% increase in drug treatment did not result in a
significant change in sero-discordance among PWID. (Table 2; Figures 4-9).

Simulated change in mean HIV sero-discordance as a result of reducing
incarceration rates—Among Black, Latino, and White PWID in most cities, exposure
to a 5% reduction in incarceration rates and 2% increase in ZIP code-level HIV prevalence
did not result in significant changes in mean proportions of HIV sero-discordance. Isolated
changes were observed among White PWID in Baltimore, who experienced a marginally,
significant 0.73 percentage point-reduction in mean proportion of sero-discordance as a
result of a 5% decrease in incarceration rates, and Black PWID in Miami, who experienced
a 0.84 percentage point-increase in mean proportion of sero-discordance following a 5%
decrease in incarceration rates.

A 30% reduction in incarceration rates led to significant, 1-3 percentage point- increases in
sero-discordance among at least one racial/ethnic group of PWID in all 5 cities. Specifically,
in Baltimore, significantly higher mean proportions of sero-discordance were observed
among Black and White PWID exposed to a 30% reduction in incarceration rates. Similar
trends were observed among White PWID in San Francisco, Black and White PWID in
Baltimore and Boston; Black and Latino PWID in Miami; and Black, White and Latino
PWID in New York (Table 2, Figures 9-13).
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Sensitivity analyses demonstrated that the results were robust to changes in key parameters
(see Appendix B)

Discussion

This study is the first to apply agent-based modeling to project short-term (i.e., 36 months)
impacts of decreasing incarceration rates and increasing drug treatment access on sero-
discordant partnerships among recently sexually active and injection equipment-sharing
PWID. In each city of interest, large reductions in incarceration rates were projected

to increase sero-discordant partnerships among at least one of the sampled racial/ethnic
groups of PWID. Specifically, increases in sero-discordance in the wake of reductions

in incarceration rates, were observed among Black and White PWID in Baltimore and
Boston, Black and Latino PWID in Miami, Black, Latino and White PWID in New York,
and White PWID in San Francisco. These increases in mean sero-discordance among
racial/ethnic groups ranged from 1-3 percentage points. In contrast, significant impacts
of reducing incarceration rates by 5% and increasing access to drug treatment programs
on sero-discordance were isolated to Black and White PWID in a handful of cities. The
significant changes in mean discordance that occurred among these PWID were below 1
percentage point, and in some cases, only marginally significant.

The potential for reductions in incarceration rates to increase sero-discordance over a short
period time for some PWID, is supported by research of Ojikutu and colleagues. This work
projected that over a five-year period, a 10-person increase in prison release would lead

to a 4% increase in HIV diagnoses in 9 southern cities (Ojikutu, et al., 2018), including
Miami — an MSA sampled in this study. Findings also mirror those observed by Adams and
colleagues, who projected an increase in HIV acquisition among Black women following the
release of Black men from prison and jail (Adams, et al., 2018, 2019).

In the context of a growing body of literature linking incarceration to sub-optimal
HIV-related outcomes, the increase in sero-discordance that resulted from reductions in
incarceration rates is counterintuitive. However, because the ABM created here reflected
sexual and injection partnership dynamics over a short time frame of 3 years, it is possible
that hypothesized positive consequences of incarceration reform, including decreases in HIV
risk behaviors, stabilization of sexual networks, and increased access to drug treatment,

and HIV care and treatment may not occur quickly enough to /nitially offset a potential
uptick in community-level HIV prevalence that results after men and women are released
from correctional settings, or men and women at risk for incarceration and HIV remain in
their communities(Binswanger, et al., 2012; Merrall, et al., 2010; Vlahov & Putnam, 2006).
Additionally, men and women who might otherwise receive HIV testing and treatment
services while incarcerated, may not be reached by community-based programs (Bartlett, et
al., 2008; Branson, et al., 2006; Seal, et al., 2010)

Although the increases in sero-discordance due to reductions in incarceration rates were
slight, an examination of the ABM results for New York City can be used to further illustrate
how reductions in incarceration rates might meaningfully increase HIV transmission within
a population. Specifically, our ABM projected an increase in prevalence of discordant
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relationships from 19% to 21% as a result of a 58% decrease in incarceration rates from
2009 to 2012 in New York City. Projected HIV incidence among PWID in New York City
during that time frame was approximately 100 incident cases per year among the 100,000
PWID in the city (Don C. Des Jarlais, Arasteh, et al., 2016). Thus, assuming a perfect
correlation between prevalence of discordant relationships and HIV incidence among PWID,
the numbers of incident cases among PWID would have increased to approximately 110/
year under high implementation of criminal justice reform.

Criminal justice reform initiatives are rooted in efforts to advance social justice and racial/
ethnic equity, and most evidence suggests that they can have ameliorative impacts on the
public’s health in the long-term. Prior research suggests that ensuring HIV prevention and
treatment among justice-involved populations and the persons with whom they interact

in the community requires a multipronged approach that accomplishes the following: (1)
bridges gaps between HIV and behavioral health services in correctional settings and those
in the community, (2) engages formerly incarcerated men and women into HIV testing

and treatment, and behavioral health programs in the community, (3) builds trust in the
medical system and autonomy among formerly incarcerated men and women, (4) facilitates
community reintegration by reducing barriers to employment, housing, and social benefits,
leveraging social capital, and (5) integrates case management and patient navigation in post-
release and reentry programs (Binswanger et al., 2012; Kim et al., 2019; Kutnick, Leonard,
& Gwadz, 2019; McLean, Robarge, & Sherman, 2006; van Olphen, Freudenberg, Fortin, &
Galea, 2006). Many of these approaches are documented to have strengthened reintegration
and to have increased HIV care engagement and retention (Myers, et al., 2018; Rich, et

al., 2001; Westergaard, et al., 2019), and thus offer evidence on what steps are critical

to creating infrastructures that buffer unintended, negative consequences of incarceration
reform.

The finding that the impact of reductions in incarceration rates on mean sero-discordance
may vary across geographic settings for specific racial/ethnic groups suggests that
underlying differences in contextual and HIV endemicities should be considered when
tailoring strategies to specific racial/ethnic groups. These differential findings by MSA and
race/ethnicity may reflect the racial/ethnic distribution of the PWID in the five cities of
interest. Based on our prior research we also hypothesize exposure to place-based factors
may partly influence these findings (H. L. F. Cooper, et al., 2016). However, we were unable
to model such nuances in the ABM.

Given the important role that substance use treatment plays in HIV prevention, the lack of
impact of increasing drug treatment access on reducing sero-discordance among PWID in
most cities in the ABM is surprising, as is the counter-intuitive relationship of increased
access to drug treatment and increases in sero-discordance among White PWID in San
Francisco. The low frequency of discordant relationships in injection equipment-sharing
partnerships and our inability to model some mediating pathways that link drug treatment
access to sero-discordant partnerships may explain the null findings observed among PWID
in most cities. Across the MSAs in the ABM, approximately 10% of PWID who knew
their status and that of their partners reported sero-discordant injection equipment-sharing
partnerships. Thus, expansion might only impact a small number of PWID in discordant
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injection equipment-sharing partnerships. Additionally, because the ABM is operationalized
such that PWID are subtracted from the injection-equipment sharing partner pool and not
from the sexual partner pool when treatment access increases, the absolute and relative
number of discordant sexual partnerships would not be affected by changes in treatment
utilization. Lastly, the ABM did not account for institutional barriers (e.g., provider

stigma) to accessing drug treatment, and did not simultaneously evaluate the potential
combined impact of reducing incarceration rates and increasing drug treatment access on
sero-discordance to maintain parsimony. Future studies should consider the intersection of
drug treatment and incarceration policies, given high rates of recidivism among people who
use drugs (Belenko & Peugh, 2005; Chandler, Fletcher, & Volkow, 2009; Polcin, 2018;
Zarkin, et al., 2012), and greater likelihood of drug cessation and HIV care retention among
people who have received drug treatment in correctional settings and in community-based
after-care programs. (Swan, 2015; Zarkin, et al., 2012). Further, the counterintuitive results
among White PWID in San Francisco warrants further investigation.

The interpretation of findings from this study are subject to additional limitations. This
analysis was restricted to 3 years, and we lacked data necessary to simulate subsequent
increases in the stability of injecting and sexual partnerships among PWID that may

offset the initial increase in HIV prevalence. We parameterized the ABM using data from
PWID who were recruited using RDS but did not account for this sampling procedure

in analysis to maintain parsimony of the model. Prior research documents inconsistencies
in the extent to which RDS sampling methods result in similar or different distribution

of demographic characteristics, including age, racial/ethnic background, HIV status and
residential location as compared to other recruitment methods (Abdul-Quader, et al., 2006;
Burt, Hagan, Sabin, & Thiede, 2010; Burt & Thiede, 2014; Collier, Garfein, Cuevas-Mota,
& Teshale, 2017; Robinson, et al., 2006; Rudolph, Young, & Lewis, 2015). Because the
sample of PWID used for parameterizing the model exclusively lived in urban centers across
the United States, this study’s findings lacked generalizability to PWID living in rural and
suburban settings. Further, while we attempted to sample cities from multiple regions of
the United States, the small sample of cities included did not reflect a full snapshot of
regional diversity. Additionally, NHBS participant data used to validate model output, were
drawn from participants’ perceptions of their partner’s HIV status, therefore the reported
partnerships may have been misclassified, but it is assumed that potential misclassification
was non-differential. With the exception of Boston, the period of data collection for NHBS
occurred prior to when Medicaid expansion occurred in the cities of interest. Most criminal
justice reform policies were also implemented after the data collection period for most
cities included in this analysis. It took several years to build these models and secure
approval from sites, and we were restricted to using NHBS 2009 and 2012 data for model
parameterization and validation.

ABM include simplifications of “reality,” and do not include all the potential causal
pathways that affect the outcomes in question. This is true for this analysis, where several
hypothesized pathways linking reductions in incarceration rates and increases in drug
treatment access to potential mediators could not be projected (e.g., changes in sexual
and injection drug use-related access and utilization of community- and corrections-based
HIV prevention and treatment services). Some covariates (e.g., homelessness) were also
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excluded to maintain parsimony of the models. Further, the model is only reflective of

the data that is used to parameterized it, and different values for some metrics could have
resulted in different estimations of sero-discordance. For example, increasing the duration
of drug treatment and incarceration, would have possibly caused the model to underestimate
sero-discordance because links between agents and their partners would be deemed inactive
for longer periods of time in the model. However, at the same time, we believe that changing
the values of some parameters in the model might not have changed the model’s estimation
of sero-discordance. For example, changing the sexual network and injection equipment-
sharing network dissolution rates would have only impacted the extent to which agents

and their partners cycle through partnerships, not the extent to which discordant dyads are
formed. Our sensitivity analyses supports this assumption, by demonstrating that the impacts
of increasing drug treatment access and reducing incarceration rates on seroconversion were
generally consistent when we varied the injection equipment-sharing and sexual network
dissolution rates (see Appendix B).

Lastly, this study did not directly measure HIV transmission, which limits our abilities

to make strong inferences regarding the direct impacts of reducing incarceration rates

and increasing access to drug treatment on HIV transmission. Our interpretation of sero-
discordant partnerships as proxies for HIV transmission is also limited by our inability to
account for the frequency of condom-less sexual intercourse and to distinguish between
main and casual partnerships, which have different potentialities for behaviors that influence
vulnerability to HIV acquisition. For example, studies document higher condom use among
adults who have histories of using drugs with casual partners than with main partners, and
that condom use decreases as the duration of an intimate partnership increases (Bernstein, et
al., 2013; Sherman & Latkin, 2001). Among PWID enrolled in NHBS, whose data was used
to estimate the model, partnership type (main vs. casual) and length of partnerships varies,
with our prior research documenting that more than half of PWID in 2012 reported that their
last sexual partner was a main partner; the median duration of sexual partnerships was 2
years, and nearly 75% reported condomless sex (Linton, et al., 2020).

Other model specifications need to be considered when interpreting the implications of

the ABM to understanding HIV transmission. To maintain parsimony, injection equipment-
sharing and sexual partnerships were modeled independently and not jointly in the model.
Therefore, we were unable to explore the potential impacts of multiplex relationships,
wherein partners serve as both injection equipment-sharing partners and sexual partners,

a circumstance that is not uncommon among people who use drugs and increases their
vulnerability to HIV acquisition (Rudolph, Crawford, Latkin, & Lewis, 2017). Additionally,
in our model, pre-existing relationships and new relationships had similar probability of
formation, such that agents were not restricted from reestablishing a partnership with a prior
partner. Reconnections among pre-existing partners would therefore cause sero-discordance
among these partnerships to overestimate the effect on HIV transmission. However, because
the agent population was large relative to the number of network links per agent, the
probability of reconnecting with a previous partner in the model was low. We were also
unable to model ART treatment as prevention (TasP), as there was relatively little ART TasP
in the data we used, and data on viral suppression among PWID in this sample was not
available. We also did not consider PrEP use in the model, given low prevalence of uptake
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(0.13%) of PrEP among PWID who self-reported HIV negative status and lived in the five
cities sampled in this study. Varying the HIV prevalence and ART rate in sensitivity analyses
(Appendix B), however, did not change the interpretation of results.

Conclusion

Despite these limitations, this study provides an example of how ABM can be applied to
generate early insight into whether changes in public policies may impact vulnerability to
HIV transmission in a vulnerable population. Although increasing access to drug treatment
demonstrated little impact on sero-discordance, reductions in incarceration rates, which were
simulated to lead to a small-order increase in community-level HIV transmission, increased
sero-discordance. If criminal justice reform has the potential to increase sero-discordance

by increasing community-level HIV prevalence over the short-term, local agencies and
community organizations must make a concerted effort to build social service and public
health program infrastructure in ways that prevent these unintended negative consequences.
Further the observation of this finding among different racial/ethnic groups in different
MSAs, suggests the response must be tailored appropriately according to geography

and race/ethnicity of the client population. Future longitudinal studies should extend the
modeling applied here to both quantify and elucidate the temporal and longer-term impacts
of criminal justice reform and Medicaid expansion on HIV-related outcomes, especially in
cities where these policies have been implemented over a longer period of observation, an on
overdose. Additionally, because actuallocal-level equity in enforcement of criminal justice
reform, including decriminalization of cannabis and the First Step Act has been questioned,
future studies should investigate this inequity and its implications to racial/ethnic health
disparities. This line of research will augment other analyses uncovering the impact of
Medicaid expansion and criminal justice reform on the health of people who use drugs.
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Figure 4. Proportion HIV sero-discordance in Baltimore, by race/ethnicity and magnitude of
increases in drug treatment access (error bars represent 95% confidence intervals)

Int J Drug Policy. Author manuscript; available in PMC 2022 August 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuepy Joyiny

1duosnuely Joyiny

Linton et al.

0,151

0101

Discordance

0.051

0.001

Page 26

Boston

Condition

B Baseine

. Increase in Drug Treatment Access (High Magnitude)
B increase in Drug Treatment Access (Low Magnitude)

Al Black Latino White
Race

Figure 5. Proportion HIV sero-discordance in Boston, by race/ethnicity and magnitude of
increases in drug treatment access (error bars represent 95% confidence intervals)
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Figure 6. Proportion HIV sero-discordance in Miami, by race/ethnicity and magnitude of
increases in drug treatment access (error bars represent 95% confidence intervals)
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Figure 7. Proportion HIV sero-discordance in New York, by race/ethnicity and magnitude of
increases in drug treatment access (error bars represent 95% confidence intervals)
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Figure 8. Proportion HIV sero-discordance in San Francisco, by race/ethnicity and magnitude of
increases in drug treatment access (error bars represent 95% confidence intervals)
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Figure 9. Proportion HIV sero-discordance in Baltimore, by race/ethnicity and magnitude of
reductions in incarceration rates (error bars represent 95% confidence intervals)
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Figure 10. Proportion HIV sero-discordance in Boston, by race/ethnicity and magnitude of
reductions in incarceration rates (error bars represent 95% confidence intervals)
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Figure 11. Proportion HIV sero-discordance in Miami, by race/ethnicity and magnitude of
reductions in incarceration rates (error bars represent 95% confidence intervals)
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Figure 12. Proportion HIV sero-discordance in New York, by race/ethnicity and magnitude of
reductions in incarceration rates (error bars represent 95% confidence intervals)
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Figure 13. Proportion HIV sero-discordance in San Francisco, by race/ethnicity and magnitude
of reductions in incarceration rates (error bars represent 95% confidence intervals)
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Variables Proportion (n) or mean (SD) Source
Overall Baltimore Boston Miami New York San
Francisco
Individual-level
characteristics'Z
Age
43.6 (10.8) 46.7 (9.3) 38.1(11.1) 46.1 (10.2) 40.0 (9.4) 47.3 (10.0) NHBS 2009
45.0 (11.1) 50.4 (8.1) 37.6 (10.6) 42.7 (11.9) 43.8 (9.9) 48.9 (10.1) NHBS 2012
Gender (Male)
72.0% 73.0% (371) 67.5% (394) | 76.2% (432) | 75.8% (342) 67.6% (326) | NHBS 2009
(1865)
70.9% 66.5% (417) 69.8% (324) | 73.3% (368) | 74.7% (380) 71.3% (341) | NHBS 2012
(1830)
Race/Ethnicity
Latino 25.7% (665) | 0.4% (2) 21.1% (123) | 38.3% (217) | 55.9% (252) 14.7% (71) NHBS 2009
27.0% (697) | 0.6% (4) 19.6% (91) 44.4% (223) | 63.7% (324) 11.5% (55) NHBS 2012
Non- 38.4% (995) | 82.9% (421) 19.9% (116) | 41.8% (237) | 9.5% (43) 36.9% (178) | NHBS 2009
Hispanic/
Latino Black
41.6% 91.2% (572) 8.0% (37) 26.5% (133) | 21.6% (110) 46.0% (220) | NHBS 2012
(1072)
Non- 36.0% (932) | 16.7% (85) 59.1% (345) | 19.9% (113) | 34.6% (156) 48.3% (233) | NHBS 2009
Hispanic/
Latino White
31.4% (811) | 8.13% (51) 72.4% (336) | 29.1% (146) | 14.7% (75) 42.5% (203) | NHBS 2012
Self-reported
HIV infection2
8.18% (212) | NA NA NA NA NA NHBS 2009
9.4% (242) NA NA NA NA NA NHBS 2012
Self-reported
ART use among
HIV infected
55.2% (117) | NA NA NA NA NA NHBS 2009
65.3% (158) | NA NA NA NA NA NHBS 2012
Proportion
incarcerated in
the last 12
months by race/
ethnicity3
Latino 37.0% Suppressed 26.0% (32) 52.1% (113) | 30.3% (76) 33.8% (24) NHBS 2009
(Suppressed) | (Suppressed)
42.6% Suppressed 40.7% (37) 55.2% (123) | 34.0% (110) 47.3% (26) NHBS 2012
(Suppressed) | (Suppressed)
Non- 28.1% 24.8% 25.0% (29) 34.6% (82) 39.5% (17) 26.4% (47) NHBS 2009
Hispanic/ (Suppressed) | (Suppressed)
Latino Black
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Variables Proportion (n) or mean (SD) Source
Overall Baltimore Boston Miami New York San
Francisco
27.4% 22.2% 35.1% (13) 40.6% (54) 39.1% (43) 25.9% (57) NHBS 2012
(Suppressed) | (Suppressed)
Non- 30.0% 25.9% 28.8% (99) 38.9% (44) 31.4% (49) 27.9% (65) NHBS 2009
Hispanic Latino | (Suppressed) | (Suppressed)
White
38.8% 35.3% 42.0% (141) | 51.4% (75) 38.7% (29) 25.6% (52) NHBS 2012
(Suppressed) | (Suppressed)
Proportion
incarcerated in
the last 12
months by self-
reported HIV
infectionz
Self- 28.0% (59) Suppressed Suppressed Suppressed Suppressed Suppressed NHBS 2009
reported HIV (Suppressed) (Suppressed) | (Suppressed) | (Suppressed) (Suppressed)
infection
29.8% (72) Suppressed Suppressed Suppressed Suppressed Suppressed NHBS 2012
(Suppressed) (Suppressed) | (Suppressed) | (Suppressed) (Suppressed)
Self- 31.3% (634) Suppressed Suppressed Suppressed Suppressed Suppressed NHBS 2009
reported HIV (Suppressed) (Suppressed) | (Suppressed) | (Suppressed) (Suppressed)
uninfected
36.0% (747) NHBS 2012
Relative
proportion of
incarcerated
HIV infected to
proportion of
incarcerated
HIV uninfected
1.0 0.90 1.0 1.0 0.4 NHBS 2012
Incarceration
rate by race/
ethnicity4
Latino 0.3x1071 0.3x1071 0.3x1071 0.3x1071 0.3x1071 0.3x107! NYC NHBS
2012
Non- 0.4x107t 0.4x107t 0.4x107t 0.4x1071 0.4x1071 0.4x107t NYC NHBS
Hispanic/ 2012
Latino Black
Non- 0.4x1071 0.4x1071 0.4x1071 0.4x1071 0.4x1071 0.4x1071 NYC NHBS
Hispanic/ 2012
Latino White
Incarceration
duration among
those
previously
arrested/
detained in past
12 months
1 1 1 1 1 1 NHBS 2009
Proportion

participating in
alcohol or drug
treatment in the

past 12
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Variables Proportion (n) or mean (SD) Source
Overall Baltimore Boston Miami New York San
Francisco
months by race/
ethnicity5
Latino Suppressed Suppressed 52.0% (64) 30.4% (66) 53.6% (135) 29.6% (21) NHBS 2009
Suppressed Suppressed 57.1% (52) 23.3% (52) 55.6% (180) 30.9% (17) NHBS 2012
(Suppressed) | (Suppressed)
Non- 31.0% 39.2% 42.2% (49) 13.5% (32) 48.8% (21) 23.0% (41) NHBS 2009
Hispanic/ (Suppressed) | (Suppressed)
Latino Black
36.3% 39.9(Suppressed) | 67.6% (25) 18.8% (25) 50.0% (55) 25.5% (56) NHBS 2012
(Suppressed
Non- 46.0% 51.8% 67.2% (231) | 23.0% (26) 46.8% (73) 23.2% (54) NHBS 2009
Hispanic/ (Suppressed) | (Suppressed)
Latino White
43.8% 41.2% 62.1% (208) 27.4% (40) 49.3% (37) 24.1% (49) NHBS 2012
(Suppressed) | (Suppressed)
Proportion
participating in
alcohol or drug
treatment in the
past 12 months
by self-reported
HIV infecti0n4
Self- 38.7% (82) NHBS 2009
reported HIV
infection
47.5% (115) NHBS 2012
Self- 39.8% (806) NHBS 2009
reported HIV
uninfected
40.5% (840) NHBS 2012
Relative
proportion of
drug treatment
among HIV
infected6t0
proportion of
drug treatment
among HIV
uninfected
15 1.0 1.4 1.0 1.2 NHBS 2012
Drug treatment
7
rate
Latino 0.1 0.1 0.1 0.1 0.1 0.1 NYC NHBS
2012
Non- 0.1 0.1 0.1 0.1 0.1 0.1 NYC NHBS
Hispanic/ 2012
Latino Black
Non- 0.1 0.1 0.1 0.1 0.1 0.1 NYC NHBS
Hispanic/Latino 2012

White

Drug treatment
duration
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Variables Proportion (n) or mean (SD) Source
Overall Baltimore Boston Miami New York San
Francisco
3 3 3 3 3 3 (Cunningham, et
al.,2011)
Network-level
characteristics
Monthly sexual
link dissolution
8
rate
0.3x1071 0.3x1071 0.3x1071 0.3x1071 0.3x1071 0.3x1071 (Kapadia, et al.,
2007)
Monthly
injection link
dissolution rate
0.3x1071 0.3x1071 0.3x1071 0.3x1071 0.3x1071 0.3x1071 (Kapadia, et al.,
2007)
Predicted
probability of
having a same-
sex injection
equipment
sharing-partner
among men
0.7 0.6 0.7 0.7 0.5 NHBS 2012
Predicted
probability of
having a same-
sex injection
equipment-
sharing partner
among women
0.3 0.2 0.2 0.1 0.2 NHBS 2012
ZIP code-level
characteristics
Percent poverty
26.0 (9.4) 27.4 (8.9) 24.9 (7.8) 30.1(10.4) 26.3 (10.6) 20.7 (5.6) ACSQZOO72011
NHBS 2009
27.0 (10.4) 28.1(8.3) 18.4(7.1) 34.1(12.4) 30.3(9.5) 23.2(6.4) ACS 2009-2013
NHBS 2012
Sex ratiow
1.0 (0.3) 0.9 (0.1) 1.0(0.1) 1.0(0.1) 0.9(0.1) 1.4(0.3) 2010
Census NHBS
2009
1.0 (0.3) 0.9 (0.1) 1.0(0.1) 1.0(0.1) 0.9(0.1) 1.5(0.3) 2010Census
NHBS 2012
Racial/ethnic
composition
Percent of Non-
Hispanic/Latino
White residents
27.4 (22.3) 23.8 (19.0) 39.5(23.3) 10.5 (12.1) 23.5(25.6) 39.8 (12.5) ACS 20072011
27.3 (22.7) 22.5(16.7) 53.9 (19.9) 11.3 (12.3) 14.0 (20.2) 389 (11.2) ACS 20092013
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Variables Proportion (n) or mean (SD) Source
Overall Baltimore Boston Miami New York San
Francisco
Percent Non-
Hispanic/Latino
Black residents
34.6 (27.5) 68.4 (22.6) 26.5 (20.4) 39.2 (23.2) 25.3(21.6) 12.1(7.5) ACS 20072011
36.2 (29.0) 69.1 (20.4) 15.9 (15.6) 37.3(22.1) 37.3(26.4) 10.6 (5.7) ACS 20092013
Percent
Hispanic/Latino
residents
25.4 (21.5) 2.88 (3.5) 18.7(9.7) 48.1 (18.8) 38.2(23.1) 18.4 (6.6) ACS 20072011
24.4 (22.6) 32(3.2) 15.2 (12.6) 49.4 (18.9) 39.7 (22.9) 18.8 (6.2) ACS 20092013
Proportion of
HIV infected
people who
inject drugsﬂ
Suppressed Suppressed Suppressed Suppressed Suppressed Suppressed NHBS 2009
Suppressed Suppressed Suppressed Suppressed Suppressed Suppressed NHBS 2012
Proportion of
HIV infected
people who
inject drugs on
ART
Suppressed Suppressed Suppressed Suppressed Suppressed Suppressed NHBS 2009
Suppressed Suppressed Suppressed Suppressed Suppressed Suppressed NHBS 2012
HIV rates
among people
who do not
inject drugs 2
15.0 36.5 15.7 (or22.0 | 44.3(or50.9 | 24.8 (or 27.1 18.2 (0r29.3 | CDC
for Boston for Miami for New for SF HIVSurveillance
Division) Division) YorkDivision) | Division) Report(2013)
Percent of HIV
infected people
who do not
inject drugs on
ART
37% 37% 37% 37% 37% 37% Bradley et al.
(2014)

With the exceptions of rate and duration of incarceration, rate and duration of drug treatment, relative proportion of drug treatment by HIV status,
and relative proportion of drug treatment by HIV status, individual-level characteristics are presented in two rows, with the first row reflecting 2009

and the second row reflecting 2012.

2 . - . .
To protect privacy and sensitivity of data, and account for non-representative sampling procedures of NHBS, MSA-level data on HIV and ART
status among NHBS participants was suppressed

Definition of incarceration differed between 2009 (i.e., arrested by police and booked in the past 12 months) and 2012 (i.e., held in detention
center, jail or prison for more than 24 hours in the past 12 months). Data for Latino persons in Baltimore were suppressed because of a count less
than 5, rendering the percentages less reliable

4Predicted monthly hazard derived from New York City NHBS 2012 data. Monthly Hazard = ('), where is the proportion incarcerated over a

12-month period.
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5 . . . . . .

Total counts for PWID incarcerated and in drug treatment in the last 12 months and counts and frequencies of Latino PWID incarcerated and
in drug treatment in the last 12 months were suppressed because less than 5 Latino PWID were sampled in Baltimore, rendering percentages less
reliable.

6HIV status based on self-report

7Predicted monthly hazard derived from New York City NHBS 2012 data. Monthly Hazard = ('), where is the proportion in drug treatment over a
12-month period

8 . . . .
Monthly hazard rate that generates a median duration of 20 months; estimate from: Kapadia (2006).
9 - . . - .
US Census Bureau’s American Community Survey (ACS) estimates were computed across ZIP codes where NHBS participants lived.
OM—F Sex Ratio = (Males 18-64, excluding institutionalized populations 18-64)/(Females 18-64, excluding institutionalized populations 18-64)

11 . o . . .
To protect privacy and sensitivity of data, and account for non-representative sampling procedures of NHBS, ZIP code-specific data on HIV and
ART status of PWID was suppressed

12 s . i . .
Values reflect MSA (Metro Division) rates that were applied to each ZIP code within a given MSA in the ABM
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