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Background: The age-distribution of men who have sex with men (MSM) continues to change 

in the ‘Treat-All’ era as effective test-and-treat programs target key-populations. However, the 

nature of these changes and potential racial heterogeneities remain uncertain.

Methods: The PEARL model is an agent-based simulation of MSM in HIV care in the US, 

calibrated to data from the North American AIDS Cohort Collaboration on Research and Design 

(NA-ACCORD).

Results: PEARL projects a gradual decrease in median age of MSM at ART initiation from 36 

to 31 years during 2010–2030, accompanied by changes in mortality among Black, White, and 

Hispanic MSM on ART by −8.4%, 42.4% and −19.6%. The median age of all MSM on ART 

is projected to increase from 45 to 47 years from 2010–2030, with the proportion of ART-users 

age ≥60y increasing from 6.7% to 28.0%. Almost half (49.7%) of White MSM ART-users are 

projected to age ≥60y by 2030, compared to 19.5% of Black and 17.2% of Hispanic MSM.

Conclusions: The overall age of US MSM in HIV care is expected to increase over the next 

decade, and differentially by race/ethnicity. As this population age, HIV programs should expand 

care for age-related causes of morbidity and mortality.
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Introduction

As a result of improvements in effectiveness of antiretroviral therapy (ART) and initiation 

of HIV treatment without delay after diagnosis in the ‘Treat-All’ era (2015-present), people 

with HIV (PWH) are surviving to older ages in the United States (US).(1, 2) Increased 

survival with HIV contributes to more PWH in the US, rising from 936,971 in 2014 to 

1,035,317 in 2018.(3, 4) Despite concentration of new infections among younger ages, the 

proportion of PWH age ≥60y increased from 6% to 10% from 2014 to 2018.(5)

As PWH age, they experience a higher burden of age-related comorbidities, including 

non-AIDS malignancies, metabolic, cardiovascular, renal and hepatic disease.(4, 6–10) 

In a setting of limited resources, a clear projection of future population size and age 

composition can help decision-makers plan for the future care needs of PWH, and to 

prioritize interventions targeting the leading causes of age-related morbidity and mortality. 

Even more useful would be the ability to project the age distribution in sub-groups defined 

by sex, race/ethnicity and HIV acquisition risk as heterogeneity exists in new diagnoses and 

mortality.(3)

Despite improvements in the public health response, the US HIV epidemic continues to 

have a disproportionate effect on certain sub-populations including men who have sex with 

men (MSM) and Black/African Americans (Black). In 2018, MSM accounted for 66% 

(24,933/37,968) of all new HIV diagnoses and 81% (24,933/30,691) of new diagnoses 

in men.(3) Black MSM accounted for the largest number of new HIV diagnosis (9,444), 

followed by Hispanic (7,653) and White MSM (6,372).
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Although the total number of new HIV diagnoses among MSM is declining (from 26,801 

to 24,933 during 2014–2018), racial/ethnic disparities remain significant (comparing a 17% 

relative reduction in new diagnoses among White MSM to 3% and 4% reduction among 

Hispanic and Black MSM from 2014–2018).(3) In 2018, 67.3% (333,758/495,978) of MSM 

received HIV medical care and were virally suppressed, including 72.9% (136,216/186,899) 

of White, 60.6% of Black (94,170/155,319), 65.9% (78,744/119,475) of Hispanic MSM 

diagnosed by year-end 2017 and alive at year-end 2018. (11) Among all persons alive at 

year-end in 2018, the percentage of those who were virally suppressed increased with age, 

ranging from 60% among those age 13 to 24 to 67% among those age 67 years and older. 

(11) New HIV diagnoses among MSM are concentrated among those <35y, accounting for 

56% of new diagnoses in White, 59% in Black, and 65% in Hispanic MSM in 2018.(3) 

Deaths*, however, continue to occur at older ages among PWH, with deaths among those 

age ≥60y rising from 29% (4,798/16,619) in 2014 to 38% (6,052/15,821) in 2018 (3); 

surveillance data for the number of deaths by age among race/ethnicity groups of MSM were 

not available. As such, the changes in age distribution of US MSM on ART over the next 

decade remains uncertain.

The objective of our study was to project the age distribution of Black, White, and Hispanic 

MSM on ART as the essential first step of our long-term goal: to project multimorbidity 

and polypharmacy among all sub-groups of PWH (by gender, age, race, and risk group) 

in the US. To this end, we developed an agent-based simulation model (ProjEcting Age, 

multimoRbidity, and poLypharmacy in adults with HIV [PEARL]) of MSM in HIV care and 

projected the age distributions in three race/ethnicity groups to 2030.

Materials and Methods

Simulated MSM are characterized by several attributes corresponding to their age (between 

the ages of 15 to 85), race/ethnicity (categorized as White, Black, and Hispanic), ART use 

status (ART-user and non-user), and CD4 cell count (Figure 1). The race/ethnicity subgroups 

in NA-ACCORD are formed in the following order: 1) Hispanic MSM including all MSM 

reported as Hispanic, including Black Hispanic, 2) Black MSM including all non-Hispanic 

Black/African American MSM, and 3) White MSM including all non-Hispanic White MSM. 

Non-Hispanic multiracial, Asian, indigenous, and those patients missing information on race 

were excluded from the analysis. The model is initiated in 2009 and is calibrated through 

2017 using data from the North American AIDS Cohort Collaboration on Research and 

Design (NA-ACCORD) (Supplement 1.1). (12) HIV surveillance reports by the US Centers 

for Disease Control and Prevention (CDC),(5, 13–20) and peer-reviewed literature.

Model parameterization

All simulation parameters are fit separately for Black, White and Hispanic MSM (unless 

stated otherwise). We refer readers to the PEARL website at https://pearlhivmodel.org, and 

the online supplement for a comprehensive review of methodology (Supplement 1).
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Initial population in 2009

The total number of MSM ART-users in 2009 was extracted from CDC (17, 21), and 

age distributions were modeled using a set of two-component mixed normal distribution 

from NA-ACCORD. Assuming an original year of ART initiation ≥2000, we estimated the 

proportion of MSM initiating ART from 2000–2009 in NA-ACCORD (Table S4) and applie 

d a normal distribution with dynamic parameters to describe CD4 count at ART initiation in 

each year (changes in distribution’s mean and standard deviation were modeled as a linear 

function of time – Table S5).

First-time ART initiators from 2010–2030

To project the future number of MSM diagnosed with HIV over time, we experimented with 

several candidate models to fit the CDC’s reported number of new HIV diagnoses among 

MSM from 2009–2018 (5, 13–20). After removing inferior models, predictions from the 

remaining models were combined to generate a range for the number of new diagnoses in 

each year (Figure S3). We further modeled a gradual increase in the percentage of people 

linking to HIV care (13–20, 22) and initiating ART (23) over time.

Using NA-ACCORD data between 2010–2017, the age distribution of ART initiators was 

modeled via a two-component mixed normal distribution with dynamic parameters as a 

function of time. Similarly, we estimated a normal distribution with dynamic parameters to 

project changes in CD4 count at ART initiation to 2030.

Annual population dynamics

ART disengagement: ART disengagement was defined to have occurred if ≥2y elapsed 

without a CD4 count or viral load measurement in NA-ACCORD. The probability of 

disengagement was estimated via logistic regression as a function of a) age (modeled as a 

restricted quadratic spline), b) calendar year, c) CD4 count at ART initiation, and d) ART 

initiation period (≤2010 and >2010) (Supplement 1.4.1).

ART reengagement: Using aggregated data from all MSM in the NA-ACCORD (to 

ensure a large enough sample size), the probability of ART reengagement was estimated 

via a normalized Poisson distribution for up to seven years post disengagement (Supplement 

1.4.2).

Mortality on ART: Using NA-ACCORD data on MSM receiving ART between 2009–

2017, the probability of mortality was estimated using a logistic regression model with 

generalized estimating equations (GEE) as a function of a) age, b) CD4 count at ART 

initiation, c) ART initiation year (all modeled as restricted cubic splines), and d) calendar 

year (Supplement 1.4.3).

Mortality off ART: Given the lack of data from population off ART, we modeled potential 

increase in HIV mortality as a function of reduction in CD4 count in absence of treatment. 

To this end, we used data from the NA-ACCORD in care population (above) and applied 

a logistic regression model with GEE to estimate the probability of dying out of care as a 
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function of a) age, b) current CD4 count (both modeled as restricted cubic splines) and c) 

calendar year (Supplement 1.4.4).

CD4 count dynamics: Changes in CD4 count on ART was modeled via a set of linear 

regression models (separately for each race) with GEE as a function of a) number of 

years since ART initiation, b) CD4 count at ART initiation, c) age (10-year age-groups), 

and interactions between b and c (Supplement 1.4.5). Collapsing all sub-groups to ensure 

adequate sample size, the rate of CD4 decline off ART (i.e. the difference in the log of CD4 

count at ART disengagement and reengagement) was modeled via a linear regression model 

as a function of a) number of years off ART, and b) CD4 count at ART disengagement 

(Supplement 1.4.6).

Validation

To ensure the model’s ability to project realistic aging patterns, we compared PEARL’s 

projected age distribution of ART-users from 2010–2017 (calibration period) with NA-

ACCORD data that were not directly applied in the process of calibration. The results of this 

comparison and further model checks are provided in Supplement 2.1.

Sensitivity analysis

To assess the uncertainty of results due to variation in modeling assumptions and 

parameters, we performed a one-way sensitivity analysis at the lower and upper 95% 

confidence limits for all parameters. The impact of changes was assessed based on the 

proportion of ART-users aged ≥60y in 2030. Additional outputs are discussed in Supplement 

4.1. Further analysis that varied the number of future HIV diagnoses is presented in 

Supplement 4.2.

Results

Simulated population in 2009

The baseline simulation models a population of 195,465 MSM on ART in 2009, of whom 

49.9% were White, 29.2% were Black, and 20.9% were Hispanic (Table 1). The median age 

among ART-users was estimated to be 44y and varied by race/ethnicity (White 46y, Black 

42y, and Hispanic 41y). The median CD4 count was 451 cells/mm3 for all MSM on ART, 

with the highest median among White MSM (492 cells/mm3) and the lowest among Black 

MSM (405 cells/mm3). Furthermore, PEARL projects a median population of 24,064 [95% 

Uncertainty Range (95%UR): 23,055–24,998] PWH not on ART in 2009.

Population of first-time ART initiators 2010–2030

PEARL projects a 2.3% annual increase in the number of ART initiators from 2010–2030, 

driven largely by the increase in the number of Hispanic MSM initiating ART (9.2% annual 

increase), and mitigated by a reduction in the number of White MSM initiating ART (−2.2% 

annual reduction, Table 1). The median CD4 count at ART initiation increased from 317 

[312 – 322] cells/mm3 in year 2010 to 513 [447 – 584] cells/mm3 by 2030 (a 61.8% 

increase) among all MSM (Table 1). This increase was most pronounced among Hispanic 

MSM with a 75.7% increase in median CD4 count at ART initiation during this period, 
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followed by Black and White MSM with 59.9% and 53.4% increases respectively (Figure 

2).

The results further suggest a bimodal distribution of age at ART initiation in early years 

(Figure 3), shifting toward a left skewed distribution (younger ages) over time (i.e., 

comparing median age of 36y [36y – 37y] in 2010 to 31y [29y – 33y] in 2030 - Table 

1). The most dramatic changes in the age at ART initiation are projected among White MSM 

with a 7-year reduction in median age from 2010–2030.

Simulated population of MSM ART-users and non-users

The population of MSM ART-users is projected to increase over time, from 210,633 

[210,341 – 210,903] in 2010 to 582,498 [553,259 – 610,372] MSM by 2030 (Table 1). 

This increase is influenced by the projected increase in the number of Hispanic and Black 

MSM initiating ART (Table 1), as well as changes in mortality rates among Black, White, 

and Hispanic MSM on ART by −8.4%, 42.4% and −19.6% over this time (Table S23).

Furthermore, PEARL projects a gradual reduction in the rate of ART disengagement, from 

6,567 [6,451 – 6,657] per 100,0 00 PY’s in 2010 to 2,089 [2,045 – 2,134] in 2030, 

accompanied by an increase in ART reengagement rate from 41,546 [40,869 – 42,207] 

per 100,000 PY’s to 53,251 [52,626 – 53,883] during 2010–2030. As a result, the overall 

size of the population of ART non-users (ever received treatment but off ART in a given 

year) remains relatively small at 23,404 [22,165 – 24,649] individuals by 2030 (Table 1).

Projected age distribution of MSM using ART

PEARL projects a gradual increase in median age of MSM on ART from 45y [45y – 45y] to 

47y [46y – 48y] from 2010–2030, accompanied by an increase in proportion of ART-users 

age ≥60y from 6.7% [6.6% – 6.8%] to 28.0% [27.0% – 29.1%] during this time. White 

MSM experience the largest increase in the median age (at 12 years) from 2010–2030 

(Figure 4). While the median ages among Black and Hispanic MSM on ART do not change 

significantly over this time period, the temporal changes in bimodal age distribution suggest 

an increase in the proportion of ART-users age ≥60y from 2010–2030 (e.g., projecting an 

increasing from 3.9% [3.8% – 4.1%] to 19.5% [18.6% −20.4%] among Black MSM, and 

from 3.5% [3.3% −3.7%] to 17.2% [15.9% −18.6%] among Hispanic MSM).

Sensitivity analysis

Using a threshold of 10% to identify significant changes relative to baseline, the proportion 

of ART-users age ≥60y was robust to one-way variation of most model parameters (Figure 

5). Among all parameters, variations in mortality rate among ART-users, the number of 

ART initiators, and the age distribution of MSM in 2009 had the greatest impact on 

projected outcomes. Subtle variations were observed in racial/ethnic-specific outcomes to 

these parameters; for example, the proportion of Hispanic PWH on ART age ≥60y was 

sensitive to an increase in the mortality rate among people on ART.
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Conclusions

Our results suggest that while the population of MSM initiating ART in the US is getting 

younger, the age distribution of ART-users has shifted towards older ages since 2010 and 

that this trend is likely to continue over the next decade, with 28.0% of ART-users projected 

to age ≥60y by 2030. The projected age distribution is heterogeneous by race/ethnicity, with 

an older age distribution among White MSM compared to Black and Hispanic MSM (Figure 

4). Importantly, the age distributions within all race/ethnicity subgroups evolve to a bimodal 

distribution that is shifting toward older ages over time. These findings suggest that HIV 

programs will need to provide care for an aging population of MSM in the US. However, 

there are significant differences in the shifting age distributions by race/ethnicity that will 

impact future care needs among these subpopulations.

The age distribution of ART-users is influenced by improved long-term survival on treatment 

which can be attributed to improvements in effectiveness of ART regimens and more 

aggressive test-and-treat strategies in the ‘Treat-All’ era – a heterogeneous factor by 

race/ethnicity. Racial/ethnic disparities in ART prescription and viral suppression exist, 

especially among White-Black subgroups.(24) In a recent study using NA-ACCORD data, 

race/ethnicity disparities in life expectancy among MSM narrowed but persisted from 2004–

2015.(2) Our modeling results confirm the existence of racial disparities in the ages of 

ART-users (older age among White MSM) and suggest that these disparities will persist over 

the next decade.

The US national test-and-treat strategies have focused on subgroups in which HIV incidence 

has remained stably high, including all MSM and specifically MSM of color.(25, 26) 

Recent CDC estimates of HIV incidence from 2010–2016 showed a decrease in the annual 

number of HIV infections among White MSM, no difference among Black MSM, and an 

increase among Hispanic MSM; with the majority of infections occurring in men <35y.(27) 

Moreover, the number of new HIV diagnoses from 2014–2018 decreased in White and 

Black MSM, but remained unchanged in Hispanic MSM.(3) These estimates suggest that 

existing test-and-treat strategies may be more effective at reducing the time to diagnosis and 

ART initiation for White and potentially Black MSM, but not Hispanic MSM. Multi-level 

interventions addressing barriers to HIV care are most likely to be effective in improving 

HIV outcomes for Hispanic MSM. CDC is funding a demonstration project in four areas 

(New York City, New York state, Houston, and the state of Texas) to identify molecular 

clusters of active transmission and implement HIV interventions among Hispanic MSM. 

Examples of these interventions include using partner services and social network strategies 

to assess transmission and risk networks, linkage to or re-engagement of people with HIV 

in care, linkage of high-risk HIV-negative individuals to PrEP, and additional activities 

addressing social and structural barriers for access to and participation in HIV-related 

services by Hispanic MSM (28, 29).

Our results align with previous studies projecting changing in age distribution of ART-users 

over time. (30–33) A study of PWH in Australia (32) estimated a 6-month annual increase 

in mean age from 2010–2020, with the proportion of all PWH age ≥50y growing from 

25.3% to 44.2%. These results align closely with PEARL’s projections at 29.7% in 2010 and 
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44.8% in 2020 for US MSM in HIV care (Table S23). In the Netherlands, Smit et. al. (2015) 

projected changes in the median age of PWH on ART from 43.9y in 2010 to 56.6y in 2030.

(33) Using a similar model, they estimated an increase in the proportion of US ART-users 

age ≥50y from 39% in 2015 to 74% in 2035.(30) These results exceed the aging pattern 

suggested by PEARL, likely due to a combination of factors relating to differences in model 

structure (specifically how sex, race, and HIV acquisition risk-groups were included or not) 

and calibration data (applying data from a population of commercially-insured PWH in the 

US which may over-represent patients with low barriers to care and subsequent survival 

benefit).

Overall, PEARL’s projections in 2018 aligns with the CDC’s HIV surveillance estimates. In 

2018, the CDC estimated that 20% of men with HIV were age ≥60y (3), compared to 14.3% 

of MSM age ≥60y in PEARL. Although CDC’s surveillance data includes those who have 

not initiated ART and is not tailored to MSM (but men in general), the two estimates do not 

diverge significantly.

Given the complexities involved in modeling the HIV transmissions among all MSM 

subgroups at a national-level, and limitations of existing HIV models in capturing age 

and race/ethnicity compositions (34–36), we interpolated available HIV surveillance data 

from CDC on new HIV diagnoses from 2010–2018 and projected the future trends among 

Black, White, and Hispanic MSM. PEARL’s projections, however, are unlikely to capture 

the potential reductions in HIV incidence due to earlier diagnoses in the ‘Treat-All’ era, 

improvements to the HIV care continuum, and preventive measures such as pre- or post-

exposure prophylaxis for HIV prevention among MSM over the next decade. To address 

this limitation, we experimented with additional scenarios that allowed for accelerated 

increase/decline in HIV diagnosis from 2019–2030 and found that additional reductions in 

the number of new diagnoses can accelerate the aging pattern among ART-users by 2030 

(see Supplement 4.2).

As with all modeling studies, PEARL’s results are limited by simplifying assumptions. 

The simulated population is limited to Black, White, and Hispanic MSM, and other 

race/ethnicity groups are excluded due to insufficient sample sizes in the NA-ACCORD. 

Furthermore, due to sparsity of empirical data to inform parameters for individuals >85y, 

the simulated ages were capped at 85y. As a natural limitation of data, we could not 

detect a true event of discontinuation of ART and, instead, relied on loss-to-follow-up in 

NA-ACCORD (a gap of ≥2y in CD4 or HIV RNA laboratory measurements). Furthermore, 

the NA-ACCORD criteria of linkage-to-care by having ≥2 visits in a 12-months period 

(compared to CDC’s criteria of ≥1 visit in the first 3-months post-diagnosis) may result 

in a selection bias toward a population that is more likely to retain in care and could 

underestimate the true rate of ART disengagement. Moreover, we may underestimate the 

size of ART non-user population in 2009 by back-calculating data to 2006 and excluding 

prior years. Finally, the natural limitations of NA-ACCORD data for PWH out of care, can 

potentially affect our estimates of HIV mortality and disengagement in this group.

In conclusion, PEARL projects that the population of MSM in ART care will continue 

to grow in size and age over the next decade, with persistent heterogeneities by race/
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ethnicity. As the population ages with HIV, adopting paradigms that maximize quality of 

life, minimalize frailty, and increase health span is needed.(37)

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Bosch

AIDS Clinical Trials Group Longitudinal Linked Randomized Trials: Constance A. Benson and Ronald J. 
Bosch

AIDS Link to the IntraVenous Experience: Gregory D. Kirk

Emory-Grady HIV Clinical Cohort: Vincent Marconi and Jonathan Colasanti

Fenway Health HIV Cohort: Kenneth H. Mayer and Chris Grasso

HAART Observational Medical Evaluation and Research: Robert S. Hogg, Viviane Lima, P. Richard Harrigan, 
Julio SG Montaner, Benita Yip, Julia Zhu, and Kate Salters
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HIV Outpatient Study: Kate Buchacz and Jun Li

HIV Research Network: Kelly A. Gebo and Richard D. Moore

Johns Hopkins HIV Clinical Cohort: Richard D. Moore

John T. Carey Special Immunology Unit Patient Care and Research Database, Case Western Reserve 
University: Jeffrey Jacobson

Kaiser Permanente Mid-Atlantic States: Michael A. Horberg

Kaiser Permanente Northern California: Michael J. Silverberg

Longitudinal Study of Ocular Complications of AIDS: Jennifer E. Thorne

MACS/WIHS Combined Cohort Study: Todd Brown, Phyllis Tien, and Gypsyamber D’Souza

Maple Leaf Medical Clinic: Graham Smith, Mona Loutfy, and Meenakshi Gupta

The McGill University Health Centre, Chronic Viral Illness Service Cohort: Marina B. Klein

Multicenter Hemophilia Cohort StudyII: Charles Rabkin

Ontario HIV Treatment Network Cohort Study: Abigail Kroch, Ann Burchell, Adrian Betts, and Joanne 
Lindsay

Parkland/UT Southwestern Cohort: Ank Nijhawan

Retrovirus Research Center, Universidad Central del Caribe, Bayamon Puerto Rico: Angel M. Mayor

Southern Alberta Clinic Cohort: M. John Gill

Study of the Consequences of the Protease Inhibitor Era: Jeffrey N. Martin

Study to Understand the Natural History of HIV/AIDS in the Era of Effective Therapy: Jun Li and John T. 
Brooks

University of Alabama at Birmingham 1917 Clinic Cohort: Michael S. Saag, Michael J. Mugavero, and James 
Willig

University of California at San Diego: Laura Bamford and Maile Karris

University of North Carolina at Chapel Hill HIV Clinic Cohort: Joseph J. Eron and Sonia Napravnik

University of Washington HIV Cohort: Mari M. Kitahata and Heidi M. Crane

Vanderbilt Comprehensive Care Clinic HIV Cohort: Timothy R. Sterling, David Haas, Peter Rebeiro, and 
Megan Turn

Data availability

A complete description of PEARL’s modeling assumptions, parameters’ formulation and 

estimated values can be found at https://pearlhivmodel.org. The model is not yet accessible 

as open source; however, the source code can be obtained from authors upon request.

The data underlying the results presented in the study are available from NA-ACCORD 

(https://naaccord.org/). The NA-ACCORD data are available from the NA-ACCORD 

Steering Committee for researchers who meet the criteria for access to HIPAA-defined 

“limited data.” Ethical restrictions prevent public deposition of data. NA-ACCORD data 

are made available to any researcher upon completion of a rigorous scientific concept sheet 
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submission, review, and approval process through the NA-ACCORD Steering Committee 

and Executive Committees, pursuant to agreements with the National Institutes of Health 

and constituent cohorts. Guidelines for concept sheet submission and approval may be found 

at https://naaccord.org/

Abbreviations:

ART Antiretroviral therapy

PWH People with HIV

MSM Men who have sex with men

Black Black/African Americans

NA-ACCORD North American AIDS Cohort Collaboration on Research and Design

CDC The US Centers for Disease Control and Prevention
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Figure 1. 
PEARL simulation logic. Simulated agents are characterized in terms of race/ethnicity, 

age, CD4 count, and ART initiation status. The simulation engine models the population 

of MSM between the ages of 15 to 85 who have ever started ART in the US. In each 

year, a population of new ART initiators enter the model and are followed until death 

or the end of simulations in 2030. While on ART, individuals experience a gradual 

increase in CD4 count and are subjected to risk of death and ART disengagement. Upon 

disengagement, individuals experience gradual reduction in CD4 count, higher risk of 

death, and a probability of ART reengagement in each consecutive year. Annual processes 

including aging, CD4 dynamics, and HIV mortality are modeled separately for each group. 

Main simulation inputs include the size of initial population in 2009 and number of new 

ART initiators (2010 – 2030) estimated from NA-ACCORD and CDC HIV surveillance data 

(left panel). Main simulation outcomes are shown in the right panel. The model is calibrated 

from 2010 – 2017, and outcomes are projected to 2030.
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Figure 2. 
Projected changes in CD4 count distribution at ART initiation among Black, White, 

Hispanic, and all MSM in selected years between 2010 and 2030. Each panel shows the 

projected distribution of CD4 count (x-axis) at ART initiation in selected years (y-axis). The 

red dashed line mark changes in the median CD4 count over time. Largest improvements 

are projected among Hispanic MSM with 75.7% increase in median CD4 count (from 

304 cells/mm3 in 2010 to 534 in 2030), followed by Black MSM with 59.9% increase 

(from 294 cells/mm3 in 2010 to 470 in 2030), and White MSM with 53.4% increase (from 

354 cells/mm3 in 2010 to 543 in 2030). The overall median CD4 count among all MSM 

increased from 317 to 513 cells/mm3 (61.8% increase) from 2010 to 2030.
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Figure 3. 
Projected distribution of age at ART initiation among Black, White, Hispanic, and All MSM 

in selected years between 2010 and 2030. Each panel shows the projected distribution of 

age at ART initiation (x-axis) in selected calendar years (y-axis). The distribution of age at 

ART initiation is modeled using a two-component mixed normal distribution with dynamic 

parameters as a function of time (Supplement 1.3.2). The distributions are truncated at 

ages of 18 and 85 years. All race/ethnicity subgroups of MSM reflect a temporal shift in 

the distribution of age at ART initiation toward younger ages over time (as reflected by 

reduction in median age). The right column represents the simulated distribution of age 

among all MSM initiating ART in the model, with a median age of 36y in 2010 and 31y in 

2030.
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Figure 4. 
Projected distribution of age of ART-users among Black, White, Hispanic, and All MSM 

in selected years between 2010 and 2030. Each panel shows the projected population 

of ART-users by age (x-axis) and at selected calendar years (y-axis). All race/ethnicity 

sub-groups of MSM reflect a temporal shift in the age distribution toward older ages over 

time (as reflected by increase in median age). Furthermore, the projected ages represent 

a bimodal distribution in later years, with proportion of ART-users age ≥60y in 2010 and 

2030 increasing among Black MSM from 3.9% to 19.5%; among White MSM from 9.8% 

to 49.7%; among Hispanic MSM from 3.5% to 17.2%; and among all MSM from 6.7% to 

28.0% (Table S23).

Kasaie et al. Page 17

Ann Epidemiol. Author manuscript; available in PMC 2022 February 21.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 5. 
One-way sensitivity analysis to variation of all parameters. Shown in each panel are the 

percent changes in the proportion of ART-users age ≥60y in 2030 ‘relative’ to baseline 

scenario (x-axis) with regard to one-way changes in all model parameters (y-axis). The 

up/down arrows on the y-axis mark an increase/decrease in value of each parameter to 

corresponding +/− 95% confidence ranges. Circles mark the median values and black bars 

represent the 75% interquartile uncertainty range for simulated outcomes. The baseline value 

is marked in red and shown as a dotted vertical line to compare against other scenarios. 

Scenarios are ranked in the order of effect and each plot is restricted to the 6 parameters with 

the larges impact on selected outcome. Using a threshold of 10% relative change to detect 

significant variations from baseline, the proportion of ART-users age ≥60y remains robust to 

variation of all model parameters, except for an increase in mortality rate among Hispanic 

MSM on ART. Further results are presented in Section 4.1 of the Supplement.
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