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Abstract

Background—BIlack/white disparities in HIV incidence and prevalence among men who have
sex with men (MSM) in the United States remain largely unexplained. We examined the impact
on HIV prevalence and incidence of interventions that decrease disparities in HIV care. Deciding
which interventions have most impact on reducing disparities is critical.

Methods—Using available US Centers for Disease Control and Prevention (CDC) estimates, we
constructed HIV care continua for black and white MSM for 2009-2010. These estimates were
used as parameters in a deterministic model to yield estimated race-specific transmissions,
transmission rates, incidence rates, and rate-ratios (RR). We examined the impact of changes in
the care continuum for black MSM on transmission and incidence rates.

Findings—Marked disparities were found throughout the care continuum: ultimately, 16% of
black and 34% of white MSM achieved viral suppression. Based on these care continua, 9,833 and
9,710 new HIV transmissions were estimated annually respectively from HIV-positive black and
white MSM (transmission RR=1-36 and incidence RR=7-92). In a model where black and white
MSM have identical care outcomes, transmission RR=1-00 and incidence RR=5-80. Scenarios of
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95% diagnosis, 95% retention, and concurrent 95% diagnosis and 95% retention respectively yield
transmission RR=1.00, 1-02, 0-56, and incidence RR=5-81, 5-93, 3:28.

Interpretation—Disparities in HIV transmission rates may be reduced by improving the HIV
care continuum outcomes, but existing racial disparities in HIV prevalence will likely continue to
drive higher incidence among black MSM for decades to come.

Introduction

In the United States, the incidence of HIV infection is rising among men who have sex with
men (MSM). As with numerous other conditions, there are important racial differences in
HIV infection.1-3Black MSM have experienced disproportionate incidence and prevalence
since the beginning of the epidemic.? Although the factors that gave rise to black/white
disparities in HIV among MSM are incompletely understood, data are emerging to suggest
important factors in sustaining those disparities. Meta-analyses have shown that black MSM
do not have higher risk behaviors than white MSM,® possible hypotheses have been
enumerated that consider the effects of social network structures and treatment disparities.®
Existing disparities in HIV prevalence and socioeconomic factors might also contribute to
ongoing disparities.”-? For example, because of higher HIV prevalence and lower extent of
HIV suppression among black MSM and substantial racial concordance in sexual
partnerships, equivalent risk behaviors among black MSM confer a higher probability of
exposure to an HIV-transmitting male partner, compared to white MSM.8 In a study of
MSM in Atlanta, having black partners statistically accounted for the black/white HIV
incidence disparity.190thers have suggested that differences in clinical care outcomes by
race among HIV-infected MSM magnify such disparities.11:12

New HIV infections in a populationare a function of behavioral and biological parameters,
including the number of serodiscordant sexual partnerships, number of unprotected sex acts,
and viral load in infected partners.13 Within a serodiscordant partnership, the transfer of
HIV may be seen from the perspective of either the person acquiring or transmitting HIV.

Most studies report racial disparities in HIV prevalence (infection burden) or HIV incidence
(new infections).1011.14.15 Fewer studies have considered disparities in HIV transmission —
i.e., the extent to which HIV-infected black MSM are more likely to transmit HIV, relative
to HIV-infected white MSM. Behavioral studies have examined differences in HIV
transmission risk behavior among MSM by race to help explain disparate infection rates
among black MSM.16:17 A recent study using HIV surveillance data furthered these analyses
by calculating HIV transmission rates (average transmissions per personliving with HIV) for
those diagnosed and undiagnosed, and additionally found that, although there are about one-
fifth as many black men, compared to white men, in the United States, there are about the
same number of black and white MSM living with HIV and not virally suppressed.1®

The HIV care continuum has become an important model for measuring HIV care in
populations through nested steps of HIV infection, diagnosis, retention in care, antiretroviral
therapy (ART) prescription, and viral suppression.1%:20 None of the above studies
constructed a full HIV care continuum for MSM by race, nor modeled the degree to which
drop-off across the continuum contributes to HIV infection disparities. Using available
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national data sources, we illustrate how existing racial disparities in HIV prevalence and in
the HIV care continuum translate into and explain disparate rates of HIV incidence among
MSM.

HIV care continua for black and white MSM, 2009/2010

Using nationally-representative US Centers for Disease Control and Prevention (CDC) data
on people living with HIV in 2009 and 2010 in the United States(Table 1), we estimated the
HIV care continuum during this period separately for black and white MSM.1-12.18where
competing estimates were available, we selected ones with greater subpopulation detail.

Population sizes along the care continuum were represented in three ways. The first was the
typical cumulative prevalence method that monotonically decreases from HIV infection to
viral suppression.1221The second was the percent attaining a given step of care, conditional
on attaining the previous step. Finally, by subtraction we obtained the number at three
broader, mutually exclusive stages of care; HIV-infected but undiagnosed, diagnosed but not
virologically suppressed, and virologically suppressed. This view is most informative for
understanding the relative contribution of individuals at each stage to ongoing transmission,
and thus targeting prevention efforts.

HIV transmission calculations

We used published annual per-person transmission rates from those living with HIV in the
US in 2009 for those with undiagnosed infection (rate=0.108), diagnosed infection but not
virally suppressed (rate=0.046), and those virally suppressed (rate=0).18:22Most (83%) of
MSM diagnosed but not suppressed are estimated to be out of care.2! Stage-specific
transmission rates, and thus transmission risk behaviors, were held constant between black
and white MSM, consistent with previous research on comparable sexual behaviors by race,
due to the unavailability of race-specific estimates.>11

Next, we estimated the number of HIV transmissions originating from black and white
MSM living with HIV infection at each step of care by multiplying the number of MSM of
each race at each care step with that step’s transmission rate. Division by the race-specific
number of MSM living with HIV yielded the race-specific transmission rate, the ratio of
which estimated the transmission rate-ratio, or the disparity in HIV transmission.

HIV incidence calculations

Total transmissions by race were used to imply incident infections (under differing racial
mixing scenarios, described below), and these were compared with CDC back-calculation
estimates of 2009 race-specific incident infection counts.2 Although national incidence rates
remain unpublished, we estimated these using other population-based sources. The number
of MSM living in the United States was computed based on 2008 estimates from a meta-
analysis of population-based surveys using behavioral definitions of MSM, accounting for
population growth among males ages =13 years from 2008 to 2010(Appendix, Table
1).23.24Race-specific totals were determined per the overall US race distribution.23Using the
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number living with HIV, we next computed race-specific HIV prevalence, the number living
without HIV, and thus the incidence rates, and incidence-ratio comparing black vs. white
MSM.

Intervention scenarios

We next implemented hypothetical interventions along the continuum of care for black
MSM as both a sensitivity analysis and to understand the relative contributions of the steps
of care and existing prevalence to transmission and incidence among black MSM.19 Using
the observed care continuum as a base case (“Observed continuum’), we examined HIV
transmission rates, incidence rates, and rate-ratios under counterfactual scenarios that began
with the same number of black MSM HIV-infected, but altered coverage of subsequent steps
in the care continuum by modifying the percentages attaining subsequent steps. These four
scenarios were equivalent care achievement as white MSM (“Racially-equivalent care”),
95% diagnosis, 95% retention, or concurrent 95% diagnosis and 95% retention.

Race mixing sensitivity analyses

The primary analysis assumedall serodiscordant MSM partnerships were with same-race
men (ie: no racial mixing). Previous studies have indicated greater racial mixing among
MSM than heterosexuals, but mixing varies regionally and no nationally-representative
partnership race-mixing data are available for MSM.25Furthermore, transmission analyses
require race-mixing data on the specific subset of HIV serodiscordant partnerships, ideally
those in which transmission is likely to occur or has occurred. In sensitivity analyses we
reassessed all outcomes under varied racial mixing scenarios. These included hypothetical
scenarios, as well as those based on data from 5,978 anal intercourse (Al) partnerships and
432 serodiscordant Al partnerships from three sources: a national online study, and an
Atlanta-based cohort, and an Atlanta-based sexual networks study (Appendix Table 2). To
account for all MSM transmissions in the population, a third group of Hispanic ethnicity/
Other race MSM was included, with a care continuum approximated from the above
sources.18.21A spreadsheet demonstrating all results is at http://sgiz.mobi/s3/03589c4b2f09.

Role of the funding source

The funding source had no role in data analysis or interpretation, nor writing of or decision
to submit the report.

Results

In 2010, approximately 562,500 black and 3,231,061 white adult MSM were living in the
United States. Of these, 180,477 black and 243,174 white MSM were estimated living with
HIV, respectively yielding HIV prevalences of 32% and 8% (Figures 1-2). Disparities were
found at all steps of the HIV care continuum, most notably in retention in care, with 33% of
black and 51% of white diagnosed MSM retained. Ultimately 16% of black and 34% of
white MSM were estimated to have attained HIV virological suppression.

Applying per-person transmission rates to each care continuum, 9,710 transmissions were
attributable to white MSM and 9,833 to black MSM (Table 2, “Observed Continuum”),
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resulting in a transmission rate-ratio of 1-36 (black rate=5-45 vs. white rate=3-99, per 100)
and an incidence rate-ratio of 7-92 (black rate=2-57 vs. white rate=0-32, per 100). The higher
incidence rate-ratio was due to the smaller total population of HIV-negative black MSM
compared with white MSM and the larger proportion of prevalent positives (Figure 2).

Considering the scenario where black MSM assume the care continuum of white MSM, the
transmission rate-ratio is definitionally fixed at 1-00. The equalizing of transmission
likelihood due to care equality alone results in a 27% decline in the estimated black MSM
incidence rate and the rate-ratio (Table 2, “Racially-equivalent Care”). The complement of
73% represents the portion of incidence attributable to current disparities in prevalence.

Holding the care continuum for white MSM constant, the “95%Diagnosis” scenario for all
black MSM vyields nearly identical changes inestimated transmission and incidence as
“Racially-equivalent Care”. Similarly, the “95%Retention” scenario for black MSM results
in an estimated transmission rate-ratio of 1-02 and a 25% incidence reduction. Under the
“concurrent 95% Diagnosis and 95% Retention” scenario, the estimated transmission rate-
ratio declines to 0-56 and incidence by 59%. Under this extreme level of intervention for
black MSM, the estimated incidence rate-ratio remains elevated at 3-28, owing to the
proportionally larger prevalent HIV-positive population among black MSM — of whom 42%
are not virally suppressed. Considering the same interventions at a perfect 100% coverage
gave nearly identical results.

In sensitivity analyses under varying racial mixing configurations, “Observed Continuum”
incidence rate-ratio estimates for black and white MSM varied from 7.89 to 9.22 (Appendix,
Table 3). In all cases, incidence reductions among black MSM achieved through
improvements among black MSM in HIV diagnosis and care were attenuated because these
changes now partly reduced transmissions to other racial/ethnic groups while those groups
were responsible for unmodified continued transmissions to black MSM.

Comparing the “Observed Continuum” scenario estimates to other studies of US
surveillance data which used independent methods provided validation of model findings.
Predicted infection totals are close to previously published back-calculated incidence
estimates of 10,800 for black MSM and 11,400 for white MSM (Table 2).2

Discussion

By synthesizing existing nationally-representative CDC estimates, we illustrate the role of
differences in HIV care continua in the perpetuation of black-white disparities in HIV
among MSM. Our results extend existing work by presenting separate HIV care continua for
black and white MSM, including those living with HIV regardless of their diagnosis status.
Our results suggest important lessons that may inform prevention priorities and prospects for
mitigating these disparities among MSM in the United States, one of many health-related
racial disparities.

In the United States, one in three black MSM is living with HIV, compared to less than one
in ten white MSM.23 Among them, the race-specific HIV care continua results depict
consistent disparities at each step of the continuum for black compared to white MSM: black
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MSM are less likely to be diagnosed with HIV, be retained in care, be on ART, and achieve
viral suppression. These continua culminate with black MSM achieving less than half of the
virologic suppression of white MSM. These disparity estimates are validated by a previously
published meta-analysis of studies comparing black and white HIV-infected MSM,1 but our
analysis furthers those findings by demonstrating that disparate HIV transmission rates
stemming from racial differences in care may help magnify HIV incidence disparities
among black MSM.

In our analysis, we present both HIV transmission and incidence rates. According to our
model, the disparity in HIV transmission rate is substantially lower than the observed
disparity in HIV incidence: the black/white transmission rate-ratio in our model is 1.-36, but
the HIV incidence rate-ratio is 7-92 due to differences in HIV prevalence, population size
and the tendency towards racially concordant relationships.

Our counterfactual scenarios illustrate the challenges with addressing HIV disparities by
race because of the existing differences in prevalent positives. Even assuming that black
MSM have a comparable continuum to white MSM and reducing the transmission rate-ratio
to 1-0, black MSM will still experience an estimated HIV incidence 5-8 times that of white
MSM. Under ideal (and challenging to achieve) concurrent 95% diagnosis and retention in
care for black MSM, the results include an estimated reduction in the HIV transmission
disparity to below 1.0 and a greatly reduced but nonetheless three fold incidence disparity.
These findings suggest that, even if transmission-rate disparities are addressed, excess HIV
prevalence among black MSM will continue to fuel disparities in HIV incidence for many
years to come. Reversing this trend will only be possible by a sustained reduction in the HIV
transmission rate to less than 1.0 for a sufficient period of time that will allow the current
number of prevalent HIV-positive black MSM to be replaced by HIV-negative cohorts in
successive generations.

The results of our analyses underscore the substantial challenges to reducing or eliminating
black-white disparities in HIV incidence in the near-term. Our results suggest that we must
address all elements of the HIV care continuum to achieve meaningful reductions in HIV
incidence disparities. Doing so for all MSM is critical for care and transmission outcomes,
given the low levels of viral suppression across racial/ethnic groups. Increasing HIV testing
as a sole approach to reducing racial disparities will likely have limited impact. Even public
health approaches that substantially address disparities in transmission rates for black MSM
will not produce comparable reductions in HIV incidence. Therefore, it is important to bring
additional approaches such as pre-exposure prophylaxis (PrEP) to scale as part of
combination HIV prevention strategies for black MSM.26Because adequate estimates of the
protective effective of PrEP among black MSM have yet to be published, such interventions
for HIV-uninfected black MSM are not included in our model of the HIV-infected
population. Although PrEP has a great potential in reducing incidence, scale-up may be
inhibited by the same social/structural barriers that limit care outcomes among black MSM
living with HIV.”

Our model and interpretations have important limitations. First, our input parameters are
derived from different data systems from both 2009 and 2010. However, both of our data
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sources are nationally-representative data systems. Second, our primary model assumes
serodiscordant partnerships that are fully racially-assortative. Accordingly, all changes to a
racial group’s HIV care and resulting transmissions are attributed to that same group’s
incident infections. Thus, the estimated changes in incidence reported reflect best-case
scenarios. From sensitivity analyses of racial mixing in serodiscordant partnerships, we
expect prioritizing HIV-positive black MSM for intervention may have lesser impact on
black MSM incidence than our model estimates, but would benefit other racial groups. Also,
our overall estimate of HIV incidence among MSM is lower than that reported in a meta-
analysis representing mainly urban US, European, and Australian HIV epidemics.?’ It is
important to note that previous estimated HIV incidence rates among MSM populations
were derived largely from men recruited in bars and other risk venues in urban areas, and
represented mostly younger MSM, who tend to have higher HIV incidence than their older
counterparts. Further, our estimates of HIV incidence are nearly identical to that derived
from combining CDC'’s estimates of 2009 incident infections among MSM using
independent methodology. Further, our national estimate of HIV incidence rates improves
earlier work by using incident infections, rather than diagnoses, in the numerator and
adjusting the denominator of MSM “at risk™ by subtracting the number of MSM living with
HIV.23 Transmission rates used may not fully capture the incompletely understood role of
acute infection in the MSM epidemic, possible undocumented behavioral or circulating viral
differences between HIV-positive black and white MSM, or differences in host-
susceptibility.28 Finally, because some source data reports did not include estimates of
random error, we could not include these for our model results.

Our study has clear programmatic and policy implications. Because disparities in the HIV
care continuum likely account for most HIV transmission rate disparities between black and
white MSM, there is an urgent need to improve our rates of HIV testing, linkage and
retention in care and prescription of and adherence to ART for black MSM living with HIV.
Efficacious and cost-effective interventions are available to increase HIV testing, care
engagement, and adherence to ART, although more research is needed on tailored
interventions and resource allocation for this population.2? In addition, important
socioeconomic disparities between white and black MSM need to be addressed as these may
negatively impact the effectiveness of care continuum interventions. Dynamic models are
needed to better evaluate the long-term outcomes of prevention interventions which achieve
parity in HIV transmission rates between black and white MSM. Further, the transmission
rate-ratio should be used as a more proximate indicator of the success of programs designed
to reduce black/white HIV disparities. In terms of policy, our results highlight the
importance of the 2013 presidential executive order focusing on the HIV care continuum, as
well as the National HI\VV/AIDS Strategy’s prioritization of reducing HIV-related health
disparities.20L astly, our data illustrate the urgency of research towards an HIV cure and/or a
highly effective HIV vaccine. Absent such transformational biomedical advances in HIV
prevention, disparities by race in HIV incidence among MSM are likely to be a stubbornly
tenacious characteristic of the US HIV epidemic in the foreseeable future.
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Research in context

Systematic Review

We updated findings from a meta-analysis we recently published.1! Additional United States
care-continuum and transmission results for MSM were located via Pubmed searches for the
criteria “HIV care continuum MSM” and “HIV transmission MSM United States”, and by
searching the HIV case surveillance report listing on the US Centers for Disease Control and
Prevention website.

Interpretation

Large gaps exists in both existing infections and care continuum outcomes between black
and white men who have sex with men (MSM), resulting in even larger racial disparities in
HIV incidence. Even if extreme care interventions resulted in 2.3 transmissions per 100 HIV
+ black MSM, compared to 4.0 transmissions per 100 HIV+ white MSM, HIV incidence
disparities will persist because of many more prevalent positives in the black MSM
community.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Estimated HIV care continuum for black and white MSM in the United States,
2009/2010

Bold numbers above bars represent the estimated total MSM of each race attaining steps of
care, white percentages within bars represents the estimated percentage of MSM of each
race attaining steps of care, and black percentages within arrows represent the percentage of
MSM of each race percent attaining a given step of care, conditional on attaining the
previous step.

Lancet HIV. Author manuscript; available in PMC 2015 December 01.




1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

wdudsnuel Joyny vd-HIN

Rosenberg et al.

Page 12

White MSM
(n = 3,231,061)
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Figure 2. lllustration of estimated HIV transmission and incidence, using the observed HIV care

continuum

White and black MSM have similar numbers of new HIV infections, but black MSM have a
smaller total population and greater proportion of prevalent HIV-positive men, resulting in
incidence disparities. All representations of area in the boxes are proportionally scaled to the
corresponding group sizes. This illustration assumes a scenario of 100% racial concordance
in HIV serodiscordant relationships; 5 alternative scenarios are described in the Appendix,

Tables 2-3.
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Data sources for estimating the HIVV Continuum of Care for Black and White MSM,
United States 2009-2010

Continuum step

Data source representation

Reference

Estimation notes®

1. Total living with
HIV

50 US states, DC, Puerto Rico, 5 other
dependent areas; 2009 and 2010

Hall et al, 2013 18;
CDC, 20131

Black and white MSM total diagnosed (step 2),
divided by Black and white MSM proportion
diagnosed

2. Diagnosed

50 US states, DC, Puerto Rico, 5 other
dependent areas; 2010

CDC, 20131

Black and white MSM totals provided

3. Retained in care b

50 US states, DC, Puerto Rico; 2009

Beer et al, 2013 12

Black and white MSM totals providede

4. Prescribed ART ¢

50 US states, DC, Puerto Rico; 2009

Beer et al, 2013 12

Black and white MSM total retained in care (step
3), multiplied by proportion on ART®

5. Virally suppressed d

50 US states, DC, Puerto Rico; 2009

Beer et al, 2013 12

Black and white MSM total retained in care (step

3), multiplied by proportion currently suppressede

aThe chosen method for continuum estimation using US CDC National HIV Surveillance System and Medical Monitoring Project data more

closely resembles that used to construct national care continua for the United States by multiple subgroups,21 than another method using the same
data systems, but partly uses data from a 19 jurisdiction subset and excludes those undiagnosed from estimation, and has been applied to the care

continuum for blacks in the United States.30

bHad a medical care visit in the first 4 months of 2009

c
Based on self-report

d . .
Most recent viral load documented as undetectable or <200 copies/ml

e . L . . .
The estimate for the total retained in care represents all MSM in care, whereas the proportion on ART and proportion currently suppressed were

estimated among MSM who were sexually active in the previous year. It may represent a minimal source of error if these care indicators were

differential by sexual activity in the previous year
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Table 2
Estimated HIV transmission and incidence,estimated from the HIV care continuum, for

black and white MSM in the United States, 2009/2010

HIV Transmission HIV Incidence
- Incidence Change in
New HIV ~ Transmission  Transmission rate, per Incidence rate rate
infections  rate, per 100 a rate ratio b ratio ratio from
100 Scenario 1
Scenario 1: Observed continuum(for
each race)
White MSM 9,710 3.99 ref. 0-32 ref. -
Black MSM 9,833 5.45 1-36 2:57 792 ref.
Black MSM, under HIV care
. . . ¢C
continuum interventions
Scenario 2: Racially-equivalent care 7,206 399 1.00 1.89 5-80 -27%
Scenario 3:95% diagnosis 7,209 399 1.00 1.89 5.81 -27%
Scenario 4:95% retention 7,362 4.08 1.02 1.93 5-93 -25%
Scenario 5: Concurrent 95% diagnosis _
and 95% retention 4,066 2:25 0-56 1.06 3.28 59%
Estimated Incident HIV Infections.
2009 - Prejean et al. 2011d
White MSM 11,400 - - 0:35 ref. --
Black MSM 10,800 - - 2:55 721 -

aNumber of new HIV infections per 100 persons living with an HIV infection
bNumber of new HIV infections per 100 persons living without an HIV infection
Interventions applied to black MSM only, while holding constant levels of diagnosis and care for white MSM at the levels observed for 2009/2010

Presented to illustrate similarities of estimated incident infections and incidence rate ratios between previously published CDC estimates and our
current estimates
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