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Abstract

Objective: To project the future age distribution of people with HIV using antiretroviral therapy
(ART) in the US, under expected trends in HIV diagnosis and survival (baseline scenario) and
achieving the Ending the HIV Epidemic (EHE) goals of a 75% reduction in HIV diagnoses from
2020-25 and sustaining levels to 2030 (EHE75% scenario).

Design: An agent-based simulation model with mathematical functions estimated from North
American AIDS Cohort Collaboration on Research and Design data and parameters from the US
Centers for Disease Control and Prevention’s annual HIV surveillance reports.

Methods: The PEARL (ProjEcting Age, multimoRbidity, and poLypharmacy in adults with HIV)
model simulated individuals in 15 subgroups of sex-and-HIV acquisition risk and race/ethnicity.
Simulation outcomes from the baseline scenario are compared with outcomes from the EHE75%
scenario.

Results: Under the baseline scenario, PEARL projects a substantial increase in number of
ART-users over time, reaching a population of 909,638 [95% uncertainty range (UR): 878,449 —
946,513] by 2030. The overall median age increased from 50 years (y) in 2020 to 52y in 2030,
with 23% of ART-users age =65y in 2030. Under the EHE75% scenario, the projected number
of ART-users was 718,348 [703,044 — 737,817] (median age=56y) in 2030, with a 70% relative
reduction in ART-users <30y and a 4% relative reduction in ART-users age =65y compared to
baseline, and persistent heterogeneities in projected numbers by sex-and-HIV acquisition risk
group and race/ethnicity.

Conclusions: Itis critical to prepare healthcare systems to meet the impending demand of the
US population aging with HIV.
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INTRODUCTION

Since the introduction of effective antiretroviral therapy (ART) in 1996, life expectancy of
people with HIV (PWH) in the US has improved substantially.! In 2012, HIV treatment
guidelines recommended immediate ART initiation among all people diagnosed with HIV
regardless of their CD4 cell count.? Early treatment and improved survival on ART has led
to an increasing prevalence of HIV in the United States (US) with more than 1 million
PWH in 2019, among whom 52% were age =50 years (=50y) and 11% were age =65y.3
Yet, significant disparities in life expectancy of PWH persist, affecting the age distribution
of PWH by sex-and-HIV acquisition risk groups and race and ethnicity.*

The Ending the HIV Epidemic. A Plan for America (EHE) initiative was announced in early
2019 with the overarching goals of achieving 75% reduction in new HIV diagnoses by 2025
(EHE75%) and at least 90% reduction by 2030.% Without a cure, however, the HIV epidemic
will persist among populations infected with HIV for decades to come. As such, it is critical
to prepare and strengthen HIV care systems to meet the needs of people aging with HIV,
including strategies for long-term viral suppression, ensuring uninterrupted access to ART
and prevention and care for comorbid conditions. At present, the future age distribution and
heath care needs of PWH in the US among sex-and-HIV acquisition risk groups, and by
race and ethnicity within these groups remains uncertain. The objective of this study was to
project the age distribution of PWH using ART from 2020 to 2030, and to assess the impact
of achieving short-term EHE goals on future age distributions.

METHODS

The Projecting Age, multimoRbidity, and poLypharmacy (PEARL) model is an agent-based
simulation of PWH who have ever initiated ART in the US, including those who disengage
from HIV care and are off ART after initiation (Figure 1). The simulated population is
composed of 15 subgroups: (1 & 2) men and women with history of injection drug use
(IDU) as their HIV acquisition risk factor (including those who have IDU and any additional
HIV acquisition risk category specified); (3) men who have sex with men (MSM) who

do not have IDU as an HIV acquisition risk factor; and (4 & 5) heterosexual men and
women who do not have IDU as an HIV acquisition risk factor. These five groups were
further stratified into White, Black/African American (Black/AA), and Hispanic. The model
is parameterized via mathematical functions modeling the probability of simulated events by
calendar year and individual-level attributes (e.g., estimated probability of mortality on ART
as a function of calendar year, patient’s age, race/ethnicity, CD4 count, etc.). These functions
are informed by the observed data from North American AIDS Cohort Collaboration on
Research and Design (NA-ACCORD) and Centers for Disease Control and Prevention’s
(CDC) HIV surveillance reports. All parameters and mathematical functions in PEARL are
estimated separately in each of the 15 subgroups, except for the rate of decline in CD4 count
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among those disengaged from care and off-ART which was estimated as a single function
across all subgroups to ensure adequate sample size. Furthermore, due to the small sample
size of Hispanic IDU women in the NA-ACCORD, the age distribution at ART initiation
was estimated by combining NA-ACCORD data from 2010 to 2015 and the distribution
was fixed during simulated years 2010 to 2030. Further methodological details regarding
the model structure, parameterizations, and estimated functions and values can be found
Supplement Section 1, including tables S1-S24 and figures S1-S10, in a prior publication®
with updated functions at PEARLHIVMODEL.org/method_details.html, and in previous
CDC and NA-ACCORD publications.

Simulation analysis

The PEARL model was used to project the age distribution of PWH using ART in each

of the 15 subgroups from 2020-2030. The baseline scenario represents the expected trends
in future number of new HIV diagnoses in the absence of additional interventions. To
project the future number of people diagnosed with HIV under the baseline scenario, we
experimented with several candidate models to fit the CDC’s reported number of new HIV
diagnoses in each of the 15 subgroups from their annual HIV surveillance reports from 2009
to 2018.7-15 After removing inferior models, predictions from the remaining models were
combined to generate a range for the number of new diagnosis in each year. We modeled

a gradual increase in percentage of people linking to HIV care and initiating ART over
time,16.17

To estimate the impact of achieving short-term EHE75% goals, we simulated a 75%
decrease in projected number of HIV diagnoses in 2020 over the course of 5 years (to 2025)
as a uniform linear decline in each of the 15 subgroups (Supplement Section 2, including
figure S11). Simulated scenarios were replicated for 200 runs to achieve a precision level

of <5% around primary outcomes. Additional information on simulation validation to
ensure the fidelity of estimated parameters and mathematical functions in PEARL under

the baseline and EHE75% scenarios can be found in the Supplement Section 3, including
table S25 and figures S12-S18. A description of the characteristics of projected population
of ART users with and without achieving short-term EHE goals, as well as the differences in
the age distributions in these two scenarios can be found in Supplement Section 4, including
tables S26-S29.

Sensitivity analysis

One-way sensitivity analysis was performed by varying each of the 15 simulation parameter
groups between 90% and 110% of their original value. These changes were modeled in year
2009 for parameters describing the initial population and from 2020 to 2030 for all other
dynamic parameters (see Supplement Section 5, including table S30 and figures S19-21).
We assessed the impact of these changes on the proportion of ART-users aged =65y, number
of deaths in care, and number of ART users by 2030. Simulated scenarios were replicated
for 200 runs, and results were compared against the baseline scenario simulations.
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In 2020, we simulated a median population of 670,770 (95% uncertainty range [665,063 —
678,021]) ART-users using PEARL, of whom 32% were White, 45% were Black/AA, 23%
were Hispanic, and included 60% MSM, 19% heterosexual women, and 9% IDU men (see
Table 1 for point estimates and Table S26 for uncertainty ranges).

Validity of the model was confirmed by comparing the observed age distributions of PWH
using ART from 2010-2017 in NA-ACCORD with the simulated outcomes, suggesting no
significant pattern of bias in projections from the model among 15 subgroups over time
(Supplement Section 3.2, table S25 and figure S18). Furthermore, we detected no relevant
differences (>5%) in characteristics of the simulated populations of ART-users and the
CDC'’s report of PWH (not restricted to PWH using ART) in years 2010 and 2018 in the US
(Table 1).

Projections under the baseline scenario

A relatively stable number of ART-initiators was projected over time using PEARL, from
32,934 [31,890 — 34,141] in 2020 to 33,044 [28,696 — 38,085] in 2030. From 2020 to
2030, White MSM experience the largest reduction of 49% in number of ART initiators
(from 5,738 [5,231 - 6,251] to 2,907 [1,062 — 4,904]), while Hispanic MSM experience
the largest increase of 43% (from 7,498 [6,980 — 8,001] to 10,743 [7,857 — 13,624]),
followed by Hispanic IDU women with a 43% increase (136 [93 — 184] to 194 [49 -

345]) and a 41% increase in White IDU women (from 464 [432 — 494] to 654 [545 —

758] (Supplement Section 4.2, table S27). Projected median ages at ART initiation in 2030
will range from 30y in Black/AA MSM to 55y in White heterosexual men (Figure 2). The
projected distribution of age at ART initiation shifts toward younger ages from 2020-2030
among White MSM, White and Hispanic IDU men, and Black/AA heterosexual men, and
Hispanic heterosexual women, and remains similar (+/- 2 years) from 2020 to 2030 among
Black/AA and Hispanic MSM and Black/AA heterosexual women.

The population size of ART-users projected by PEARL increased over time, reaching a total
of 909,638 [878,449 — 946,513] ART-users by 2030, with 23% of this population age >65y.
The projected proportion of ART-users who are Black/AA remains stable at 45% in 2020
and 44% in 2030. Areduction in the proportion of White ART-users (32% in 2020 to 28% in
2030) was projected, as well as an increase in the proportion of Hispanic ART-users (23%
in 2020 to 28% in 2030) over the next decade (Table 1). In 2030, MSM will account for

the largest subgroup of ART-users at 64%, followed by heterosexual women at 19%. The
proportion of IDU men and women using ART is projected to decline from 9% to 7%, and
from 4% to 3% from 2020-2030, respectively.

Despite projected reductions in median age at ART initiation among most subgroups, the
overall median age of ART-users is projected to increase from 50y [50y — 50y] in 2020 to
52y [51y — 52y] in 2030 (Figure 3a). This is accompanied by a shift in structure of the age
distribution, evolving from a unimodal distribution in 2010 to a bimodal distribution in 2020
(with peaks at 33 and 55 years) and in 2030 (with peaks at 40 and 63 years). After stratifying
by subgroup, the projected median age of ART-users decreased by 1 year from 2020 to 2030
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among Hispanic MSM and Hispanic IDU men, increased by 1 year among Black/AA MSM
and white IDU men and women, by and by 3 years among Black/AA IDU men and Hispanic
IDU women; all other subgroups experienced =5y increase in median age from 2020-2030
(Figure 3b). In 2030, all but two subgroups (Black/AA and Hispanic MSM) had a median
age that was greater than the overall median age of 52 years.

Projections under the EHE75% scenario

Under EHE75% scenario, a gradual reduction in number of ART-initiators over time is
projected using PEARL, from 33,058 [32,082 — 34,268] in 2020 to 8,580 [7,503 — 9,849] in
2030. These reductions are modeled similarily among all subgroups. Projected median ages
at ART initiation remained stable at 33 [32 — 33] in 2020 to 33 [31 — 34] in 2030.

Achieving EHE75% goals results in subsequent reductions in the number of ART-users

in 2030, from 909,638 [878,449 — 946,513] at baseline to 718,348 [703,044 — 737,817]
under EHE75% scenario (Figure 4a). The projected reductions are primarily observed
among younger individuals (e.g., the number of ART-users age <30y decreases by 70%
from 54,206 [46,751 — 61,422] under baseline scenario to 16,263 [13,589 — 18,799] under
EHE75% scenario), and were not consistent in magnitude across all 15-subgroups (Table
S28). For example, White MSM ART-users experienced a 10% relative decline (from
178,440 [164,452 — 193,405] under baseline scenario to 159,940 [151,954 — 167,447] under
EHE75% scenario, Figure 4b), while Black/AA heterosexual women experienced a 16%
relative decline (108,412 [100,915 — 116,887] at baseline to 91,240 [86,453 — 95,960] under
EHE75% scenario, Figure 4c).

Despite projected changes in size of ART-user subgroups under the EHE75% scenario, we
did not project significant differences in the demographic distribution of ART-users in 2030
compared to the baseline scenario (Supplement Section 4.3, table S28). The overall median
age of PWH using ART in 2030 is projected to increase from 52y [51y — 52y] at baseline to
56y [55y — 56y] under EHE75% scenario (Figures 3a, 3c¢). Similar to the baseline scenario,
the EHE75% scenario suggests the emergence of a bimodal age distribution (peaks at 42y
and 64y) in 2030. The simulated decline in number of new diagnoses and ART-initiators
from 2020 to 2030 under the EHE75% scenario accelerated an increase in median age
among all subgroups, corresponding to an increase in projected median age of 5 years
among Black/AA and Hispanic MSM, Black/AA and Hispanic IDU men, and White IDU
women, 6 years among White IDU men and =7y among all other subgroups(Figure 3d).
The projected median age among all subgroups except for Black/AA MSM and Hispanic
MSM was be greater than the overall median age of 56y in 2030. Detailed comparison of the
projected age distributions of ART-users under the baseline and EHE75% scenarios can be
found in Supplement Section 4.4, table S29.

Sensitivity Analyses

Using a threshold of 10% to identify clinically-relevant changes relative to the baseline
scenario, the proportion of ART-users age =65y and number of deaths among ART users in
year 2030 were sensitive to variation in: a) mean age of ART-users in year 2009 and b) mean
age of ART initiators as a dynamic parameter from 2020 to 2030 (Supplement Section 5,
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figures S19-S20), while the projected number of ART-users in 2030 was robust to variation
in value of all parameters (Supplement Section 5, figure S21).

DISCUSSION

We projected a population of 909,638 ART-users (and an additional 32,988 individuals who
initiated ART but were subsequently disengaged from ART) in the US by year 2030 using
the PEARL model. Our results suggest a gradual increase in median age among those on
ART, from 46y in 2010, to 50y in 2020, and 52y in 2030. Achieving short-term EHE’s
goals for a 75% reduction in new HIV diagnoses from 2020-2025 will reduce the number
of ART-users to 718,348 by 2030 and will accelerate the increase in median age among
ART-users. Significant heterogeneities in size and age distributions of ART-users were
projected in 15 subgroups defined by sex, HIV acquisition risk groups and race/ethnicity.

Our results suggest an increase in proportion of older ART-users over time, with 54% of
the population age =50y and 23% age =65y by 2030. CDC reports that 52% of all PWH

in the US were age =50y in 2019; this proportion has been increasing by appproximately 2
percentage points annually over the last decade, and the increase has begun to slow down
in recent years.3 The reduction in the median age at ART initiation in the Treat All era can
potentially contribute to the slowed increase in proportion of older adults with HIV in recent
years. Despite a projected increase in the overall median age, two subgroups (Hispanic
MSM and Hispanic IDU men) experienced small (1-year) reductions in median age from
2020-2030 which can be attributed to the young age at ART initiation (Hispanic MSM)
and/or high sensitivity of these subgroups to variability in the mean age of ART users in
2009 and dynamicially from 2020 to 2030 (as shown in the sensitivity analysis), driven by
the small sample size observed in the NA-ACCORD of these subgroups.

Projections of size and age distribution of PWH from the PEARL model align with previous
findings/projections in high income countries.18:19 In comparison to HIV surveillance
reports, the projected population of 618,578 ART-users in 2018 is 21% lower than the
CDC'’s estimate of 779K individuals living with HIV and receiving medical care (as defined
by having =1 CD4 or HIV RNA measurement) in 2018.15 Even after accounting for the
43,134 agents who were disengaged from ART in 2018 (but are not necessarily out of

care) and the 6.6% of PWHS in racial/ethnic and HIV acquisition subgroups not currently
included in the PEARL model, the adjusted estimate of ART-users in 2018 from the PEARL
model (~7050K) is lower than the CDC’s estimate of 779K receiving medical care — as such
our projections of the ART-user population are conservative estimates.

Adults aging with HIV experience a high burden of age-related comorbidities, which

may be reduced with comorbidity prevention and treatment interventions.20-26 Existing
heterogeneities in burden of type-specific comorbidities by race/ethnicity suggest the need
for tailoring of existing interventions. For example, preventing hypertension in Black/AA
men with HIV, who have high rates of hypertension, may result in a greater reduction in
overall comorbidity burden as compared to the same interventions in non-Black women,
who have lower rates of hypertension.2” The difference in our projected age distributions
of ART-users by sex, HIV acquisition risk and race/ethnicity over the next decade further
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suggests the need for tailoring future comorbidity prevention programs to the needs of
specific subgroups, ensuring the most effective intervention meets the most appropriate
subgroup at the right time.28 Significant challenges exist to bolster the current HIV
workforce to meet the growing needs of populations aging with HIV who require further
expertise to manage multimorbidity.2%:30 In terms of cost, the projected increase in number
of ART-users to >900K by 2030 will likely result in a substantial increase in national
spending on ART (estimated at $420,285 life time discounted costs in 2019 or $22.5
billion annual undiscounted in 2018) and additional costs associated with treating HIV
comorbidities and preventing falls and frailty.31-33 New interventions aiming to increase
the effectiveness of comorbidity prevention among PWH are likely to be cost-effective (and
even cost-saving) over the next decade.

Our projections are subject to specific limitations. First, given that successful long-term
aging with HIV can only occur in the context of ART (with the rare exception of the
long-term non-progressors), the PEARL model does not include individuals who do not
initiate ART.34 Second, due to low numbers, the PEARL model does not currently include
transgender people, American Native, Native Hawaiian/Native Other Pacific Islander, Asian,
those reporting multiple races/ethnicities, and perinatally-infected individuals; accounting
for 6.6% of all PWH in the US in 2019.3 Third, the PEARL model does not model

HIV transmission. Our approach to estimating the number of new ART-initiators relies

on CDC estimates of new HIV diagnoses, receipt of HIV care in 1 to 3 months after
diagnosis, and estimates from the ART guidelines that suggest 97% of those presenting

for care immediately initiate ART.[15:34.35] Fourth, the assumption that the current HIV
guidelines and present trends in ART initiation persist to 2030 is inherent in the projections.
Fifth, the estimated functions in of the PEARL model may be affected by the sample size
considerations in the underling NA-ACCORD dataset, as suggested by higher sensitivity

of specific subgroups with small sample size to variation of model parameters. Finally,

the experimental simulation of achieving the EHE75% goal is a simplified representation
with a uniform linear 75% decline over five years in all subgroups; it does not account

for non-linear relationships or anticipated heterogeneities in the decline by subgroups and
the impact on other outcomes like engagement in ART use. While modeling all of these
intricacies is important for an in-depth evaluation of the impact of achieving EHE75%,

our goal with our experimental simulation was to represent an “optimistic” scenario for
achieving short-term goals of HIV control in the US in order to demonstrate that even under
such ambitious targets, the US HIV epidemic will still sustain over several decades.

The Ending the HIV Epidemic goal to reduce the number of new HIV diagnoses by 75% to
2025 is an ambitious, but a much-needed target to reduce the long-term burden of HIV in
the US. However, without a cure, the HIV epidemic will sustain among populations infected
with HIV for decades to come. Our modeling results suggest that without a substantial
decrease in HIV incidence, a gradual increase in number of ART-users to >900K by 2030.
Along with projected increase in median age of ART-users, these individuals are likely to
experience an increased burden of comorbidities. It is critical to prepare and strengthen
HIV care systems to meet the needs of the changing epidemic, including strategies for
long-term viral suppression, ensuring uninterrupted access to ART and prevention and care
for comorbid conditions that will likely grow in burden among this aging population.
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Key points:

The age distribution of people with HIV using ART in the US will shift to older ages

in the next decade, with heterogeneity by sex-and-HIV acquisition risk group and race/
ethnicity. Even if EHE goals are achieved, healthcare systems must be readied to meet the
needs of a large population of people aging with HIV.
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Simulation Outputs

/Age Distribution of \

ART Users

Age Distribution of
ART Non-users

Mortality in HIV
Care

Mortality out of HIV
Care

Age Distribution of
ART Initiators

CD4 Count

Distribution

N /

Schematic presentation of the Projecting Age, multimoRbidity, and poLypharmacy
(PEARL) model, an agent-based simulation model of people with HIV (PWH) who

have initiated ART in the United States. The model is initialized with a simulated

population of PWH receiving ART in year 2009, with population size estimated from

the CDC’s HIV surveillance data, and age and CD4 count distributions estimated from

the NA-ACCORD. ART-initiators enter the model every calendar year. We estimated the
number of ART-initiators from 2010-2017 and projected the observed trends into the

future (2018-2030). Simulated agents can disengage from ART, reengage with ART, or

die; the probabilities of these events were estimated via mathematical functions that included
calendar year, age, ART initiation date, CD4 at ART initiation, and other individual-level
characteristics. Simulation projections are made from 2018-2030 in terms of population
size, age-distribution and mortality in 15 subgroups of PWH who have initiated ART in the
US (for an interactive map of the PEARL model that provides details on the functions that
comprise the model, see PEARLHIVmodel.org)
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Distributions of age at ART initiation among subgroups of people with HIV using ART in
the United States in 2010, 2020, and 2030. Median age in 2010, 2020 and 2030 is shown in
blue, purple and red, respectively. The area under 2030’s age distribution is shaded in red for

better visibility.

Figure 2 footnotes: Due to the small sample size of Hispanic IDU women in the NA-
ACCORD, the age distribution at ART initiation was estimated by combining NA-ACCORD
data from 2010 to 2015 and this distribution was kept fixed during simulated years (2010-

2030).
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Projected age distributions, overall and among subgroups, of people with HIV using ART in
the United States in 2010, 2020, and 2030 in the baseline scenario (panels a & b) and after
simulating a 75% reduction in new HIV diagnoses from 2020-2025 (EHE75% - panels ¢ &
d). Median age in 2010, 2020 and 2030 is shown in blue, purple and red respectively. The
area under 2030’s age distribution is shaded in red for better visibility. Black dots reflect
observed data from the NA-ACCORD in year 2010, and colored lines reflect projections
from the PEARL model.
3a) Overall age distribution, baseline scenario

3b) Age distributions among subgroups, baseline scenario
3c) Overall age distribution, EHE75% scenario

3d) Age distributions among subgroups, EHE75% scenario
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Figure 4a-c:
Projected number of people with HIV using ART in the United States in the baseline

scenario and after simulating a 75% reduction in ART-initiators from 2020-2025 (EHE75%)
a) overall, b) among White MSM, and ¢) among heterosexual Black/AA women

4a) Projected number of people with HIV using ART in the baseline scenario (left) and in
the EHE75% scenario (right), 2010-2030

4b) Projected number of White MSM using ART in the baseline scenario (left) and in the
EHE75% scenario (right), 2010-2030

4c¢) Projected number of Black/AA heterosexual women using ART in the baseline scenario
(left) and in the EHE75% scenario(right), 2010-2030
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