ING'S
OPEN (5 ACCESS College
LONDON

King’s Research Portal

DOI:
10.1016/S2352-3018(24)00212-1

Document Version
Publisher's PDF, also known as Version of record

Link to publication record in King's Research Portal

Citation for published version (APA):

GBD 2021 HIV Collaborators, & Wang, Y. (2024). Global, regional, and national burden of HIV/AIDS,
1990-2021, and forecasts to 2050, for 204 countries and territories: the Global Burden of Disease Study 2021.
The Lancet HIV, 11(12), e807-e822. https://doi.org/10.1016/S2352-3018(24)00212-1

Citing this paper

Please note that where the full-text provided on King's Research Portal is the Author Accepted Manuscript or Post-Print version this may
differ from the final Published version. If citing, it is advised that you check and use the publisher's definitive version for pagination,
volumel/issue, and date of publication details. And where the final published version is provided on the Research Portal, if citing you are
again advised to check the publisher's website for any subsequent corrections.

General rights
Copyright and moral rights for the publications made accessible in the Research Portal are retained by the authors and/or other copyright
owners and it is a condition of accessing publications that users recognize and abide by the legal requirements associated with these rights.

*Users may download and print one copy of any publication from the Research Portal for the purpose of private study or research.
*You may not further distribute the material or use it for any profit-making activity or commercial gain
*You may freely distribute the URL identifying the publication in the Research Portal

Take down policy
If you believe that this document breaches copyright please contact librarypure@kcl.ac.uk providing details, and we will remove access to
the work immediately and investigate your claim.

Download date: 22. Aug. 2025


https://doi.org/10.1016/S2352-3018(24)00212-1
https://kclpure.kcl.ac.uk/portal/en/publications/d37a74f9-3023-41e0-833b-98aed3a6256b
https://doi.org/10.1016/S2352-3018(24)00212-1
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Global, regional, and national burden of HIV/AIDS,
1990-2021, and forecasts to 2050, for 204 countries and
territories: the Global Burden of Disease Study 2021

GBD 2021 HIV Collaborators*

Summary

Background As set out in Sustainable Development Goal 3.3, the target date for ending the HIV epidemic as a public
health threat is 2030. Therefore, there is a crucial need to evaluate current epidemiological trends and monitor global
progress towards HIV incidence and mortality reduction goals. In this analysis, we assess the current burden of HIV
in 204 countries and territories and forecast HIV incidence, prevalence, and mortality up to 2050 to allow countries to
plan for a sustained response with an increasing number of people living with HIV globally.

Methods We used the Global Burden of Diseases, Injuries, and Risk Factors Study (GBD) 2021 analytical framework to
computeage-sex-specific HIV mortality, incidence, and prevalence estimates for 204 countries and territories (1990-2021).
We aimed to analyse all available data sources, including data on the provision of HIV programmes reported to
UNAIDS, published literature on mortality among people on antiretroviral therapy (ART) identified by a systematic
review, household surveys, sentinel surveillance antenatal care clinic data, vital registration data, and country-level case
report data. We calibrated a mechanistic simulation of HIV infection and natural history to available data to estimate
HIV burden from 1990 to 2021 and generated forecasts to 2050 through projection of all simulation inputs into the
future. Historical outcomes (1990-2021) were simulated at the 1000-draw level to support propagation of uncertainty
and reporting of uncertainty intervals (UlIs). Our approach to forecasting utilised the transmission rate as the basis for
projection, along with new rate-of-change projections of ART coverage. Additionally, we introduced two new metrics to
our reporting: prevalence of unsuppressed viraemia (PUV), which represents the proportion of the population without
a suppressed level of HIV (viral load <1000 copies per mL), and period lifetime probability of HIV acquisition, which
quantifies the hypothetical probability of acquiring HIV for a synthetic cohort, a simulated population that is aged
from birth to death through the set of age-specific incidence rates of a given time period.

Findings Global new HIV infections decreased by 21-9% (95% UI 13-1-28-8) between 2010 and 2021, from
2-11 million (2-02-2-25) in 2010 to 1-65 million (1-48-1-82) in 2021. HIV-related deaths decreased by 39-7%
(33-7-44-5), from 1-19 million (1-07-1-37) in 2010 to 718 000 (669 000785 000) in 2021. The largest declines in both
HIV incidence and mortality were in sub-Saharan Africa and south Asia. However, super-regions including central
Europe, eastern Europe, and central Asia, and north Africa and the Middle East experienced increasing HIV incidence
and mortality rates. The number of people living with HIV reached 40-0 million (38-0-42-4) in 2021, an increase
from 29-5 million (28-1-31-0) in 2010. The lifetime probability of HIV acquisition remains highest in the sub-
Saharan Africa super-region, where it declined from its 1995 peak of 21-8% (20-1-24-2) to 8-7% (7-5-10-7) in 2021.
Four of the seven GBD super-regions had a lifetime probability of less than 1% in 2021. In 2021, sub-Saharan Africa
had the highest PUV of 999-9 (857-4-1154-2) per 100 000 population, but this was a 64-5% (58 -8—69 - 4) reduction in
PUV from 2003 to 2021. In the same period, PUV increased in central Europe, eastern Europe, and central Asia
by 116-1% (8-0-218-2). Our forecasts predict a continued global decline in HIV incidence and mortality, with the
number of people living with HIV peaking at 44-4 million (40-7-49-8) by 2039, followed by a gradual decrease.
In 2025, we projected 1-43 million (1-29-1-59) new HIV infections and 615 000 (567 000-680 000) HIV-related deaths,
suggesting that the interim 2025 targets for reducing these figures are unlikely to be achieved. Furthermore, our
forecasted results indicate that few countries will meet the 2030 target for reducing HIV incidence and HIV-related
deaths by 90% from 2010 levels.

Interpretation Our forecasts indicate that continuation of current levels of HIV control are not likely to attain
ambitious incidence and mortality reduction targets by 2030, and more than 40 million people globally will continue
to require lifelong ART for decades into the future. The global community will need to show sustained and substantive
efforts to make the progress needed to reach and sustain the end of AIDS as a public threat.
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Research in context

Evidence before this study

The global burden of HIV/AIDS has been estimated by the
Global Burden of Diseases, Injuries, and Risk Factors

Study (GBD) and UNAIDS in previous reports. GBD 2019
assessed sex-specific HIV burden and evaluated progress
towards global targets using established metrics, including
incidence-to-mortality ratio and incidence-to-prevalence ratio,
in 204 countries and territories. Because existing metrics might
not fully capture the nuanced risks at the population level,
novel metrics could deepen our understanding of the HIV
epidemic. These include metrics such as the prevalence of
unsuppressed viraemia (PUV) and the period lifetime
probability of acquiring HIV. We searched PubMed for the terms
("HIV" OR "HIV"[Mesh]) AND (“burden” OR "estimate*”

OR “forecast*” OR “forecasting”[Mesh]) AND (“unsuppressed
viremia” OR "unsuppressed viraemia” OR “lifetime probability
OR "lifetime risk*") AND (“1980/01/01"[PDAT] :
“2024/04/29"[PDAT]), with no language restrictions, for
publications up to April 29, 2024. This search yielded 52 studies.
Among these, three studies focused on the population-level
PUV in a single country, and five studies addressed the lifetime
risk of HIV infection for a representative population within
asingle country. However, our search did not identify any
studies that reported on either or both of these metrics at a
global level across countries.

*1

Added value of this study

To our knowledge, we provide the first global estimates of the
period lifetime probability of HIV acquisition and PUV. These
additional metrics enable comparisons between countries and
over time, which succinctly characterise the probability of
infection and the effectiveness of HIV control in limiting the
amount of HIV circulating in a population. In addition, the

Introduction

Four decades since the first reported cases of AIDS,
immense scientific advances and greatly expanded
access to life-saving antiretroviral therapy (ART),
effective HIV prevention options, and innovative care
models' have substantially reduced both new HIV
infections and HIV-related mortality>—gains made
possible by global coordinated efforts towards ending
the AIDS epidemic.*” Despite considerable progress
over this time, more than 1 million people newly acquire
HIV infection each year, and HIV continues to be
a major cause of mortality in many settings.** Moreover,
of the estimated 40 million people living with HIV, only
about three-quarters are currently on treatment,® further
underscoring the need to improve access and utilisation
of care around the globe.’

In 2016, the international community reaffirmed its
commitment to ending the AIDS epidemic as a public
health threat by 2030, establishing this objective as
one of the UN Sustainable Development Goals’ and

combination of historical estimates and forecasts enables our
study to provide commentary on progress made and the
implications of continuation of recent trends. Our forecasting
methods used an enhanced approach to capture the expected
projection of past trends and relationships by using the
transmission rate instead of the confounded incidence hazard
as the driver of future transmission. Updated data from more
recent time periods improved our estimates of recent trends in
burden and assisted with ensuring that our forecasts reflect
current trends. Finally, country-level forecasts out to 2050
assist with long-term strategic planning and inform policy
investments.

Implications of all the available evidence

Our study expands on previous efforts to characterise the state
of the HIV epidemic and project the consequences of
continuation of recent trends in the level of HIV control. With
few countries projected to achieve the UNAIDS 2030 targets for
reductions in both HIV incidence and mortality, our analysis
forecasts estimated timelines for individual countries to reach
these targets at current rates. Progress in achieving substantial
reductions in the burden of HIV is most evident in sub-Saharan
Africa, whereas worrisome trends emerge in central Europe,
eastern Europe, and central Asia, and north Africa and the
Middle East. The inclusion of additional HIV-specific metrics in
our HIV burden reporting enables new perspectives on the
current epidemic status at the population level and suggests
possible thresholds for future target setting. Sustaining and
strengthening the global HIV response into the future will be
crucial with an increasing number of people living with HIV in
every region. These estimates could assist policy makers in
planning a pathway towards ending AIDS as a public health
threat globally up to 2030 and beyond.

adopting the UNAIDS Fast-Track strategy with interim
targets—the original 90-90-90 testing and treatment
targets—to be achieved by 2020.* Although substantial
progress was made, few countries were able to meet
these intermediate targets by 2020,” and in recent years
the global community has had to grapple with the
enormous challenges posed by the COVID-19 pandemic.
Surprisingly, the impact of COVID-19 on HIV
programmes was smaller than expected, with many
countries able to successfully continue delivery of ART
and other HIV services during the pandemic with
limited interruption.” In 2021, the UN" set out a new
global strategy with a focus on inequalities, establishing
new interim targets for 2025 on the path towards 2030.*
Broadly, these 2025 targets aim to reduce the number of
new HIV infections to fewer than 370000; reduce the
number of AIDS-related deaths to fewer than 250000;
ensure 34 million people living with HIV are on
treatment; and achieve 95-95-95 for all groups and in all
settings (95% of people living with HIV diagnosed, of
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whom 95% are on treatment, of whom 95% are virally
suppressed).”

With ambitious targets and substantial resources at our
disposal, it is crucial to measure progress and identify
areas needing improvement. Assessing current levels and
predicting future trends in HIV incidence and mortality
can help determine progress, but these metrics might not
give a complete picture of the underlying risks posed at
the population level. Two metrics with the potential to
enhance our understanding of the HIV epidemic
are population-level prevalence of unsuppressed
viraemia (PUV)*" and period lifetime probability of HIV
acquisition.”” PUYV indicates the proportion of the total
population without suppressed viral loads (viral loads
<1000 copies per mlL), reflecting how both increasing
viral suppression among people living with HIV and
decreasing prevalence from prevention of new infections
shape population-level risk of HIV transmission. Period
lifetime probability of HIV acquisition characterises
cross-sectional, age-specific incidence rates with a single
number that indicates the proportion of the population
that would acquire HIV if it were to age through period
age-specific incidence rates. This summary of incidence
communicates the lifelong nature of HIV infection
probability in terms that are more interpretable than
annualised incidence rates.

Analyses to systematically assess global trends in HIV
epidemiology are produced at regular intervals by Global
Burden of Diseases, Injuries, and Risk Factors Study
(GBD) collaborators, UNAIDS, and other modelling
groups, several of whom contribute to the work of the
UNAIDS Reference Group on Estimates, Modelling and
Projections.” At the national level, country teams have
conducted national HIV prevalence surveys to inform
programmatic activities.” Although clearly important for
understanding and responding to local epidemics, these
national surveys and modelling estimates provide only
a limited view of the global HIV epidemic and regional
trends. The GBD approach provides a comprehensive
perspective on global and regional trends by synthesising
myriad datasets to generate internally consistent and
comparable modelling estimates and situating HIV in the
context of other disease burdens and health challenges.

This study leverages updated GBD estimates and
forecasts to track progress against HIV globally, with
additional metrics alongside previously reported
epidemiological rates. Specifically, we used results from
GBD 2021 with forecasts to 2050 to systematically assess
trends in HIV burden in 204 countries and territories and
across seven GBD super-regions from 1990 to 2021, as
well as to provide country-specific forecasts of HIV
incidence, prevalence, and mortality from 2022 to 2050.

Methods
Overview
This manuscript was produced as part of the GBD
Collaborator Network and in accordance with the GBD

protocol. Compared with our previous iteration,’
GBD 2021 provided annual estimates from 1990 to 2021
for 204 countries and territories, two sexes, and ages
0 years to 95 years and older. For comparison, we
highlight the relative change in burden over various time
periods, including declines relative to the year in which
a particular metric peaked globally. The conceptual and
analytical framework for the GBD, its hierarchy of
causes, and detailed methods have been published
elsewhere.” Here, we describe the specific methods used
in GBD 2021 for analysing the burden of HIV. The study
complies with the GATHER statement;” data and code
for GBD 2021 HIV estimation process are available
online. GBD results are stratified by seven super-regions,
defined as follows: central Europe, eastern Europe, and
central Asia; high income; Latin America and the
Caribbean; north Africa and the Middle East; south Asia;
southeast Asia, east Asia, and Oceania; and sub-Saharan
Africa (appendix 1 p 4).

Input data and modelling strategy

We analysed all available data sources, including data
on the provision of HIV programmes reported to
UNAIDS, published on-ART mortality literature
identified by a systematic review, household surveys,
sentinel surveillance antenatal care clinic data, vital
registration data, and country-level case report data. We
grouped countries and territories and applied
differentiated modelling strategies according to the types
of data available to estimate HIV trends. Group 1
included countries and territories with HIV prevalence
data from antenatal care clinics or representative
population-based seroprevalence surveys (51 countries in
total, including most in sub-Saharan Africa and the
Dominican Republic, Haiti, India, and Papua New
Guinea). Group 2 included the remaining 153 countries,
of which 120 had data on HIV deaths. 33 countries had
no data on HIV-related deaths. The groups were further
stratified based on peak prevalence with or without vital
registration data completeness (appendix 1 p 3).

Group 1 locations were modelled with the Estimation
and Projection Package Age-Sex Model (EPP-ASM),
a discrete time compartmental model of adult HIV
stratified by single-year age, sex, disease stage, and
treatment status.”” In EPP-ASM, the transmission rate,
r(t), is applied at each time step (one-tenth of a year) to
the susceptible and infectious populations. r represents
the number of new cases expected to emanate per year
from an adult aged 15-49 years with untreated HIV
infection. Group 2 locations were modelled by estimating
exogenous HIV incidence trend inputs to our GBD
recoded implementation of Spectrum,”* which is also
a discrete time compartmental model stratified by single-
year age, sex, disease, and treatment status. The
EPP-ASM and Spectrum models used for GBD
estimation vary slightly from those used by UNAIDS,
with differences between our estimates and UNAIDS’
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estimates reflecting differences in model structure,
model parameters, and the location-specific data used
to calibrate our models.

In addition to our previously described augmentations
to EPP-ASM for GBD purposes,? we further refined the
use of EPP-ASM in this iteration of the GBD. For India,
we used EPP-ASM in combination with Spectrum to
calibrate estimates to age-disaggregated and sex-
disaggregated prevalence surveys and Sample
Registration System data. The Sample Registration
System data were used to inform the age and sex
distribution of incidence. Additionally, we modified the
prior distribution for the transmission rate for India to
better reflect the comparatively lower magnitude of the
epidemic as compared with sub-Saharan African
countries for which EPP-ASM parameter prior
distributions were initially developed.” Country-specific
data on intervention coverage reported to UNAIDS,
such as ART and prevention of mother-to-child
transmission, were used across all locations, regardless
of the selected modelling strategy.® Similarly, all
countries and territories relied on rates of disease
progression and HIV-free mortality (ie, the expected
background mortality not caused by HIV). Countries
and territories in group 1, utilising EPP-ASM, leveraged
population-representative HIV seroprevalence surveys
and antenatal care data. All antenatal care data are
adjusted to be population representative. Adjusted vital
registration data were used for group 2 countries and
territories (appendix 1 p 4).

Statistical analysis and uncertainty estimation
EPP-ASM is calibrated using incremental mixture
importance sampling, where draws of the transmission
rate are generated and simulated outputs are compared
with observed prevalence data to determine parameter
likelihood. In GBD 2021, a binomial likelihood was
used in place of the normal likelihood. This method
improved the fit to the zero-proportion data while
minimally affecting fits in non-zero prevalence age-sex
strata. South Africa, India, Kenya, the Gambia, Niger,
Burundi, Ethiopia, Rwanda, Ghana, Sio Tomé and
Principe, Senegal, and Sierra Leone were affected by
this change. For GBD 2021, we ran Spectrum on every
combination of incidence and treatment options and
determined the root mean squared error of the resulting
mortality relative to the vital registration data.

On-ART mortality rates were modelled separately
from off-ART mortality and disease progression rates,
which we estimated jointly. 1000 draws were sampled
from the posterior distributions of these transition
parameter models. Additionally, we drew treatment
input values from a uniform distribution around the
reported level of treatment on each draw to ensure
adequate uncertainty was captured. We then fit our
HIV simulation to data 1000 times, each with a separate
set of input draw-level transition parameters, and then

sampled a single draw from each fit to create 1000 draws
from which 95% uncertainty intervals (Uls) were
derived, with the mean of all draws as the point estimate
and the 2.5th and 97-5th percentile draws as the
upper and lower bounds. In this analysis, we calculated
percentage change as the difference between the final
year value and the initial year value, then divided by the
initial value, and multiplied by 100.

HIV forecasting

We forecasted HIV incidence, prevalence, mortality,
and treatment coverage from 2022 through to 2050 in
Spectrum using input parameters extended to 2050.
Our forecasts were driven by extrapolation of past
trends and relationships in (1) the rate of transmission
in the absence of treatment and (2) ART coverage.
Changes in the probability of transmission in the
absence of treatment implicitly reflect all changes in
transmission reduction separate from ART, which
would include behaviour change and increasing
coverage of prevention interventions. In this round of
estimation, we forecasted the HIV transmission rate
per untreated person living with HIV, which differs
from the previous round of estimation, in which we
projected the incidence rate. The transmission rate
interacts with prevalence dynamically and is anticipated
to be stable under unaltered conditions. Forecasting the
transmission rate involved two steps. We calculated
a global median transmission rate by taking the
population-weighted median transmission rate across
the preceding decade (2011-21). Then, we generated
location-specific projections of the logit transmission
rate using the observed logit transmission rate within
the preceding 5-year timeframe (2016-21). We combined
these two projections by smoothly transitioning from
the location-specific projection to the global equilibrium
over the future 20-year period (2021-41). We
implemented a conservative approach to prevent
inducing rises in incidence; if the location-specific
projection already indicated a lower transmission rate
than the global equilibrium, we refrained from
adjusting it upwards. Furthermore, we capped the
location-specific trends at a 25% increase relative to the
last observed value. We adopted an optimistic approach
to forecasting ART coverage, using the largest rate of
change for each age-sex combination along with a cap
of 95% ART coverage within each stratum. This
approach resulted in ART coverage increases across the
board and prevented exponentially increasing HIV
epidemics in the future. Full details on the methods for
forecasting are provided in appendix 1 (pp 14-16).

Additional metrics

The metric of period lifetime probability of HIV
acquisition characterises period age-specific incidence
rates with a single number approximating the
hypothetical ~probability of acquiring HIV for
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a population experiencing these incidence rates
throughout their lifetimes. Period lifetime probability
operates very similarly to period life expectancy at birth,
in that it summarises the rates of a particular time
period in contrast to the cohort lifetime probability or
cohort life expectancy, which is calculated using the
actual changing rates experienced by a cohort over their
lifetimes. To contextualise values of this period lifetime
probability, we use a 1% threshold as an achievable
benchmark that can serve as a target for locations that
currently exceed a 1% period lifetime probability
of HIV.

In practice, we calculated period lifetime probability
of HIV acquisition by simulating a cohort ageing
through every age group, removing the proportion of
the cohort that die from non-HIV causes and removing
the proportion that acquire HIV. We iterated through
each age group, converting incidence and background
mortality rates to probabilities following a competing
risk framework® and removing them from the
susceptible group. After iterating through all age
groups, the entire synthetic cohort was sorted into
those who died before acquiring HIV and those who
acquired HIV. We repeated this calculation for all time
periods in every location to generate location-specific
time series of lifetime probability of HIV acquisition.

PUV was calculated by combining our prevalence
estimates with UNAIDS estimates of the proportion of
people living with HIV who are virally suppressed.” We
produced estimates of PUV among the total population
in all ages by multiplying the number of people living
with HIV who are on ART by the proportion virally
unsuppressed, adding on the number of people with
HIV who are not on ART, and then dividing the sum by
the total population to produce PUV among the total
population. Further details on the calculation of the
new metrics are provided in appendix 1 (p 16).

Role of the funding source

The funders of the study had no role in study design,
data collection, data analysis, data interpretation, or
writing of the report.

Results

In 2021, an estimated 40-0 million (95% UI 38-0-42-4)
people were living with HIV globally, of whom
18-0 million (16-6-19-4) were male and 22-1 million
(21-2-23-2) were female (figure 1). The majority of
people living with HIV resided in sub-Saharan Africa
(29-1 million, 28-0-30-4); however, numbers of people
living with HIV also increased in other GBD super-
regions between 2010 and 2021, reaching the following
levels in 2021: high-income countries with the most at
3-13 million (2-04-4-19); and north Africa and the
Middle East with the least at 229000 (143 000—407 000;
appendix 2 p 2). Of people living with HIV, 71-8%
(69-7-73-5) were on ART at the end of 2021 (appendix 2
pl.

In 2021, 1-65 million (95% UI 1-48 to 1-82) people
newly acquired HIV infection globally, including
852000 males (766000 to 944000) and 794000 females
(703000 to 901000; figure 1), a reduction from
2-11 million (2-02 to 2-25) global new infections in 2010.
This overall decline in HIV incidence of 21.-9%
(13-1 to 28-8) is largely driven by substantial reductions
in new HIV infections in sub-Saharan Africa (table). The
south Asia region also showed a reduction in the number
of incident cases of 35-4% (0-1to 56-5) during this time.
However, new infections increased in other super-regions,
most notably central Europe, eastern Europe, and central
Asia (112-6% [77-8 to 145-8]) and north Africa and the
Middle East (66-1% [-0-6 to 230-9]). The highest age-
standardised incidence rates per 100000 population
in 2021 were in Lesotho, South Africa, and Eswatini,
although these have declined since 2010 (figure 2A;
appendix 2 p 7). Age-standardised incidence rates in
other countries, such as Kazakhstan and Kyrgyzstan in
central Asia, Belarus and Ukraine in eastern Europe, and
Sudan continued to increase from 2010 to 2021 (figure 2A;
appendix 2 p 7).

The number of HIV-related deaths decreased
to 718000 (95% UI 669 000 to 785 000) in 2021, less than
half of its peak of 1-60 million (1-34 to 1-88) in 2004
(figure 1). Numbers of deaths were similar among
males (355000, 331000 to 390 000) and females (363 000,
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Figure 1: Temporal trends of HIV incidence, mortality, and prevalence counts for 1990-2050
Time trends presented for all-age males, females, and both sexes combined. The shaded areas represent 95% uncertainty intervals.
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Figure 2: HIV incidence (A) and mortality (B) rates for both sexes combined in 2021, age-standardised

Rates are presented per 100 000 individuals.

331000 to 407 000) in 2021 (figure 1). The largest number
of HIV deaths was in sub-Saharan Africa (515000,
467000 to 581000), despite the region having the largest
reduction in HIV deaths from 2000 to 2021. The
three super-regions with the largest reductions in HIV
deaths from 2010 to 2021 were sub-Saharan Africa,
south Asia, and high-income countries (table). By
contrast, the super-regions that had increases in HIV
deaths over the same time period were central Europe,
eastern Europe, and central Asia (10-4% [10-0 to 10-9))
and north Africa and the Middle East (40-7% [-13-2 to
191- 3]; table).

The global HIV mortality rate in 2021 was 9-1 per
100000 population (95% UI 8-5 to 10-0). Mortality rates
remain highest in sub-Saharan Africa (45-5 per 100000,
41-2 to 51-4) and lowest in high-income countries (1-1
per 100000, 1-1 to 1-1; table). Within the sub-Saharan

Africa super-region, southern sub-Saharan Africa had
the largest burden of HIV deaths in 2021 (168-1
per 100000, 158-9 to 178-6) and central sub-Saharan
Africa had the smallest burden of HIV deaths (34-2
per 100000, 27-8to 43 - 5; figure 2). Across most countries,
the HIV mortality rate has decreased considerably over
time, particularly with the availability and scale-up of
ART. Since 2010, HIV mortality rates have decreased
by 46-9% (41-6 to 51-1; figure 1). This decrease includes
large declines in south Asia (67-0%, 52-9 to 75-5) and
sub-Saharan Africa (57-3%, 53:6 to 60-5; table).
However, HIV mortality rates increased from 2010
to 2021 in two regions concurrently experiencing
increases in new HIV infections: north Africa and the
Middle East (16-9%, —27-9 to 142-1) and central Europe,
eastern Europe, and central Asia (9-0%, 8-6 to 9-5;
table). By country, age-standardised HIV mortality rates
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in 2021 were highest in Lesotho (359-8 per 100000,
309-6 to 421-5), Eswatini (256-7 per 100000, 218-1 to
305-8), and Botswana (218-6 per 100000, 177-9 to
273-3), although rates were substantially reduced from
their peaks before the availability of ART (figure 2B;
appendix 2 p 7). In countries such as Armenia, Georgia,
Mongolia, and Uzbekistan (central Asia); Estonia, Latvia,
Lithuania, and Russia (eastern Europe); and Iran,
Lebanon, Sudan, and Tunisia (north Africa and the
Middle East), HIV mortality rates increased from 2010
to 2021 (appendix 2 p 7).

In our forecasting, we found that global progress is
likely to fall short of the interim 2025 targets for new HIV
infections (<370000) and HIV-related deaths (<250000).
At the current trajectory, we project only gradual declines
in global HIV incidence, from 1-43 million (95% UI
1-29-1-59) in 2025 to 1-30 million (1-16-1-48) in 2030
and 926000 (718000-1602000) by 2050 (figure 1). We
estimated similar declines in mortality, with 615000
(567000-680000) global HIV-related deaths in 2025,
513000 (462000-597000) in 2030, and 327000
(236 000-586 000) by 2050. Although HIV incidence and
mortality are declining globally, the number of people
living with HIV continues to increase. By 2030, we
project 43-7 million (40-5-47-0) people will be living
with HIV, and this number will continue to increase
until a peak of 44-4 million (40-7-49-8) in 2039 before
beginning a slow decline. By 2050, we project
43 -4 million (38-7-55-0) people will be living with HIV
worldwide.

By 2030 in sub-Saharan Africa, we project 711000
(95% UI 590000-848000) new HIV infections

GBD super-region

—— Central Europe, eastern Europe, and central Asia

—— High income

—— Latin America and Caribbean
—— North Africa and Middle East

100 7

254

204

154

10

Lifetime probability of HIV infection (%)

—— South Asia
Southeast Asia, east Asia, and Oceania
—— Sub-Saharan Africa

0
1980

Figure 3: Period lifetime probability of HIV infection by GBD super-region
Each line represents the period lifetime probability of HIV acquisition for each GBD super-region. The shaded areas
represent 95% uncertainty intervals. GBD=Global Burden of Diseases, Injuries, and Risk Factors Study.

and 348000 (308000-409000) HIV-related deaths.
By 2050, we project 431000 (348 000-543 000) new HIV
infections and 161000 (132000-196000) HIV-related
deaths (appendix 2 p 3). The super-regions of southeast
Asia, east Asia, and Oceania; Latin America and the
Caribbean; central Europe, eastern Europe, and central
Asia; and high-income countries are all projected to
experience overall declines in both HIV incidence and
mortality, although at substantially different rates
(appendix 2 p 3).

Focusing on the UNAIDS 2030 targets (compared with
the baseline of 2010), only two countries are forecasted
to achieve 90% reductions in HIV incident cases, and
two countries are forecasted to achieve 90% reductions
in HIV-related deaths (appendix 2 p 4). Looking
beyond 2030, 11 countries and territories are projected to
achieve these reductions in incidence and three in
mortality by 2040, with 23 countries and territories set to
reach the incidence targets and 14 to reach the mortality
targets by 2050 (appendix 2 p 5).

From 1990 to 2021, period lifetime probability of HIV
acquisition was highest in the sub-Saharan Africa super-
region, with a maximum of 21-8% (95% UI 20-1-24-2)
in 1995 (figure 3). The 2021 lifetime probability in sub-
Saharan Africa was 8:7% (7-5-10-7), a 60% reduction
from its peak 26 years earlier. Increases in incidence
rates over the past decade in central Europe, eastern
Europe, and central Asia elevated the lifetime probability
in the super-region to 2-8% (2-2-3-5) in 2021, the
highest probability seen outside of sub-Saharan Africa.
Four of the seven super-regions had probabilities less
than 1% in 2021, a possible threshold to use as a target
for tracking progress towards the end of AIDS as a public
health threat.

The geographical distribution of all-ages, both-sexes
PUV in 2021 varied substantially across countries
(figure 4). In comparison with other super-regions, the
highest prevalence of PUV was within sub-Saharan
Africa, particularly in southern sub-Saharan Africa.
In 2021, South Africa, Lesotho, Equatorial Guinea, and
Mozambique had the highest PUV, with all exceeding
2000 cases per 100000 population. Five countries had
PUVs per 100000 population of between 1500 and 2000:
Botswana, Eswatini, Central African Republic, Tanzania,
and Guinea-Bissau. At the super-region level, PUV per
100000 in 2021 varied from 24-5 (95% UI 10-3-53-5) in
north Africa and the Middle East and 46-3 (10-6-96-5)
in southeast Asia, east Asia, and Oceania to 163-5
(68-9-270-6) in central Europe, eastern Europe, and
central Asia and 999-9 (857-4-1154-2) in sub-Saharan
Africa (appendix 2 p 8). In terms of the percentage
change in PUV between 2003 (the global peak year)
and 2021, the largest reductions in PUV were observed
in south Asia (66-2%, 47-9-80-7) and sub-Saharan
Africa (64-5%, 58-8-69-4), and the largest increase in
PUV was seen in central Europe, eastern Europe, and
central Asia (116-1%, 8-0-218-2).
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Figure 4: Map of PUV in 2021
PUV=prevalence of unsuppressed viraemia.

Discussion

Globally, substantial progress has been made in
reducing HIV incidence and mortality, with particularly
notable reductions in sub-Saharan Africa and
improvements in several other regions, such as south
Asia, leading the way in preventing new HIV infections
and scaling up treatment. Progress has been uneven,
however, despite the existence of effective prevention
tools and treatment. In the super-regions of north Africa
and the Middle East and central Europe, eastern Europe,
and central Asia, for example, both HIV incidence and
mortality are increasing. The primary findings
associated with the lifetime probability of HIV are
continued high levels of risk in sub-Saharan Africa,
despite substantial declines from the peak. Additionally,
we estimate multiple super-regions have lifetime
probabilities higher than 1%, the threshold we use to
contextualise achievements in lifetime probability
reduction. Additionally, in 2021, sub-Saharan Africa had
the highest PUV despite large reductions since 2003,
and the central Europe, eastern Europe, and central
Asia super-region experienced a marked increase in
PUV during the same period. Taken together, these
findings reflect both the remarkable progress made in
controlling the epidemic and the remaining room for
improvement, playing out at different rates in different
regions of the world.

Comparing estimates of HIV incidence, prevalence,
and mortality between GBD and those published by
UNAIDS and other groups can be helpful in highlighting
key methodological differences and perspectives. For
example, UNAIDS estimated 38-7 million (95% UI
32-8-45-2) people living with HIV globally, 1-4 million
(1-1-1-8) new HIV infections, and 660000
(500000-920000) HIV-related deaths for 174 countries
in 2021, of which 143 countries’ estimates are publicly
available, compared with the GBD estimates for the
same year of 40-0 million (95% UI 38-0-42-4),
1-65 million (1-48-1-82), and 718000 (669 000785 000),
respectively, in 204 countries and territories. These
differences in incidence and mortality estimates reflect
differences in the disease progression and mortality
parameters used in our respective HIV simulations,
along with differences in data used. The primary source
of global differences is sub-Saharan Africa, which has
the highest HIV burden. Our process of triangulating
mortality estimates with the implied level of HIV deaths
estimated through the life table process®™ is a key
difference in estimation approaches. The life table
process incorporates all-cause mortality data and the
discrepancies between a standard age pattern of
mortality and the observed pattern to provide
a secondary estimate of HIV mortality. We utilise this
additional estimate of HIV mortality to leverage the
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information present in our demographic estimation
process.

Regarding forecasting, several mathematical models
of HIV have been applied to make the case for investing
in treatment and prevention interventions. A recent
example of this is the simulation models published
in 2021 to predict the epidemiological impact of
achieving interim targets towards HIV elimination
by 2030, which were used to guide development of the
interim 2025 targets.” Similar forecasting and cross-
validation with a global, internally consistent platform
such as the GBD, and consideration of additional
metrics, could allow for more robust and longer-term
goal setting beyond 2030. With the ability to forecast
HIV estimates at an individual country level out to 2050,
the GBD can help to set ambitious yet realistic and
achievable targets over the next 25 years.

Although successes in the global HIV response are to
be celebrated, our estimates highlight serious challenges
that remain. Steep increases in the number of new HIV
infections in regions such as central Europe, eastern
Europe, and central Asia and north Africa and the
Middle East from 2010 to 2021, compared with the large
decreases in sub-Saharan Africa over the same period,
reflect stark geographical disparities impeding the
elimination of HIV as a public health threat. In many
settings, political commitment is insufficient to mobilise
resources for marginalised communities that are
disproportionately affected by new HIV infections, and
discriminatory attitudes, stigma, punitive laws, and
physical violence prevent people from accessing needed
prevention and treatment services. Low coverage of ART,
as well as inadequate access to prevention and harm-
reduction services for key populations (eg, people who
inject drugs), remain important barriers. Unfortunately,
those who are at the highest risk of acquiring HIV are
often those who face the greatest barriers across the HIV
care cascade.® In north Africa and the Middle East, for
example, only 67% of people living with HIV are aware
of their status, 50% access ART, and 45% are virally
suppressed,® compared with 92%, 83%, and 77%,
respectively, in eastern and southern Africa in 2022. For
this reason, the north Africa and the Middle East region
is projected to experience long-term increases in HIV
incidence and mortality if the current trajectory
continues.*

Our results highlight the lifetime probability of
acquiring HIV as a single metric for comparing risk of
infection across locations and time.”” This metric
contrasts with all-age incidence rates in that it aligns the
measure of acquisition risk with the lifelong nature of
HIV infections. For example, a 5% lifetime risk of
acquiring HIV is equivalent to exposure to an annual
incidence rate of around 64 new infections per
100000 person-years of exposure. Whereas 64 in 100000
is difficult to interpret, a 5% chance of acquiring HIV
over a lifetime is a straightforward way to characterise

the risk associated with period incidence rates in an
intuitive manner. Although this intuition might not be
immediate, we have seen widespread adoption of life
expectancy as a metric for comparison of period
mortality rates across locations. As policy makers and
implementers gain familiarity with the lifetime
probability metric and perceive it to be a useful summary,
goals codifying the end of AIDS as a public health threat
could include benchmarks for lifetime probability of
HIV. A trajectory of decreasing incidence alone does not
constitute removing the threat of HIV. Sub-Saharan
Africa has both the largest reductions in HIV incidence
and the highest lifetime probability of HIV. Actual low
levels of incidence must be achieved and maintained,
and perhaps these can best be summarised using
lifetime probability of HIV. A memorable and intuitive
goal, such as reducing the lifetime probability of HIV to
less than 1%, could galvanise support and influence
policy and practice in a way that current all-age incidence
goals struggle to do.

PUV captures the subset of HIV prevalence that needs
to be addressed through treatment expansion, and
therefore goals can focus on decreasing this metric over
time. By contrast, increasing prevalence could be a good
thing, reflecting increased survival among people living
with HIV due to treatment. In this study, the highest
estimates of PUV are in sub-Saharan Africa, implying
a higher risk of HIV transmission occurring in this
super-region compared with other super-regions.
However, the patterns of PUV by sex show a more
marked improvement among females due to higher
coverage of ART than among males.* Negative
percentage changes in PUV between the global peak
in 2003 and 2021 within sub-Saharan Africa are testament
to the impact of the focused attention to HIV care and
treatment that occurred in the super-region because of
both local and global efforts. For super-regions with
positive percentage changes in PUV, contributing factors
could include late presentation of HIV, inadequate
testing and treatment, and insufficient political will and
urgency to address stigma, discrimination, and
threatening legal environments that impede individuals’
access to effective HIV services or implementation of
national programmes against HIV/AIDS.***¥

Although not on track to meet either the 2025 interim
targets or the 2030 targets to reduce new HIV infections
and AIDS-related deaths by 90%, the global HIV
response has certainly made an indelible, historic impact.
Enormous success in reducing both HIV incidence and
AIDS-related mortality across sub-Saharan Africa, for
example, reflects the historic progress achieved over
decades. Even in the absence of an HIV cure or
an effective vaccine, the availability of ART and,
importantly, the rapid scale-up of treatment programmes
have been instrumental to this progress. Impressively, all
four countries that are estimated to have achieved the
UNAIDS 95-95-95 treatment targets (Eswatini, Botswana,
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Zimbabwe, and Rwanda) are in sub-Saharan Africa, as
are half of the remaining 17 countries that are close to the
goal line a testament to the robust HIV epidemic
response that sustained commitment and financial
investment can achieve. Studies have found significant
increases in rapid ART initiation rates after the 2015
WHO recommendation of universal HIV treatment for
all people living with HIV regardless of CD4 cell count or
disease stage, the so-called treat-all policy that is now
widely adopted across countries in sub-Saharan Africa.***
Coupled with newer and improved first-line regimens
that have greater tolerability and a higher barrier to
resistance, safe, simple, and effective treatment of HIV is
now available to the majority of people who need it."*

Even with accessible treatment, challenges persist in
many settings with starting people living with HIV on
treatment and retaining people in care. HIV care
retention is a dynamic process, with some individuals
cycling in and out of care or adjusting their engagement
with the health system over time.” Beyond treatment,
itself a crucial component of HIV prevention, the
remarkable reduction in HIV incidence in sub-Saharan
Africa can be attributed to a combination of biomedical
and behavioural interventions, both of which are
constantly evolving as new technologies come to market
and different service delivery models are trialled.
Commonly implemented HIV prevention approaches in
sub-Saharan Africa, some of which were resounding
successes and others with more mixed results, include
the prevention of mother-to-child-transmission,
voluntary male medical circumcision, condom use,
multiple pre-exposure prophylaxis (PrEP) modalities
including oral PrEP, long-acting injectable PrEP, and the
vaginal ring, and behavioural and harm-reduction
interventions.®** Implementation of these HIV
prevention strategies, particularly for those key
populations who would benefit most, remains an ongoing
priority for national and local HIV programmes.”
Continued investment and expansion of HIV prevention
strategies are essential, necessitating financial resources
and a comprehensive approach that confronts social and
cultural barriers, as well as stigma and discrimination, to
promote equitable access and utilisation.

Historically, external funding from the Global Fund to
Fight AIDS, Tuberculosis and Malaria and the US
President’s Emergency Plan for AIDS Relief (PEPFAR)
has enabled the expansion of HIV treatment and
prevention programmes in many settings. Increasingly,
national governments are being asked to take on a greater
responsibility for funding their national HIV
programmes with the goal of achieving a more
sustainable financial model.” Political commitment at
the global level and, perhaps most importantly, at the
national level is crucial for not only providing services
but also fighting inequalities, reducing stigma and
discrimination, and engaging with those communities
who are most vulnerable or marginalised.® At the time of

writing, the US Congress has failed to reauthorise
PEPFAR, leaving questions about long-term development
assistance for countries that rely on substantial financial
support to provide treatment to people living with HIV.*
Further investigation is required to assess the
implications of discontinued external funding without
domestic spending filling the gap, resulting in excess
burden due to reduced ART coverage. The economic
argument for aggressively preventing new infections is
straightforward, given the large costs of providing
lifetime access to ART to people living with HIV.

In the context of uncertain domestic and international
funding for health, global inequalities in access to
treatment and care, and emerging natural and societal
challenges due to climate change,” measuring and
producing key HIV metrics and providing consistent
estimates and forecasts can only be a first step. To end
HIV as a public health threat, a reinvigorated,
coordinated, and self-sustaining global HIV response
effort will be essential. Moving forward, accelerating the
global decline in new infections will be crucial not only
for reaching the 2030 targets (unlikely at current
trajectories) but also for long-term epidemic control. We
offer the following policy recommendations: first,
optimise treatment coverage, with highly effective and
robust ART (including long-acting formulations) for all.
This step means aligning treatment and care delivery
with the preferences and choices of individuals,
whenever possible. Data from additional metrics, such
as PUV, can help with understanding how well national
programmes are achieving viral suppression or areas in
which to improve. Second, sharpen the focus on
prevention, with a particular emphasis on tailoring
prevention modalities to fit the individual and specifically
engaging priority populations for prevention. PrEP can
be instrumental in these efforts but must be
implemented effectively and reach those who will benefit
most. Third, for those people who do acquire HIV
infection, prompt diagnosis and linkage to care is
possible with widely available and frequent HIV testing.
All individuals must be empowered to understand their
risks and access facility-based testing and self-testing,
free from stigma, financial burden, or other barriers to
testing. Although treatment, prevention, and diagnosis
are the cornerstones of the current HIV response,
optimising, tailoring, and expanding access to these
services offers the opportunity to get closer to our shared
goal of eventual elimination of HIV.

A primary strength of this study is the alignment
between HIV burden estimates, burden estimates from
other causes, and the all-cause envelope for all countries
and regions, which ensures consistency across causes.
Updated HIV burden estimates that are consistent with
burden estimates for other causes within the GBD enable
policy makers to evaluate the relative burden of HIV and
develop appropriate strategies. Consistency across cause-
specific estimates means that the total number of deaths
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is equal to the sum of cause-specific deaths, enabling
a clear evaluation of the largest sources of burden in
a population for targeting policy and resource allocation.
Another strength is accounting for misclassified and
unknown cause-of-death data in vital registration systems
to improve HIV mortality estimates.” Reclassification of
deaths that should be classified as HIV enhances the
comparability of mortality estimates made with data
from vital registration systems of varying quality. Finally,
the combined reporting of historical and forecasted
estimates highlights the implications of continuation of
recent trends in the level of HIV control. We report many
metrics for the past and the future, allowing for progress
made to be contrasted with the task that remains to
achieve concrete goals.

This study has several limitations. Variations in data
availability and quality motivate varying methods across
locations. In most countries with generalised epidemics,
prevalence data are available, whereas mortality data are
sparse. By contrast, in many concentrated epidemic
locations, high-quality vital registration data capture
deaths, but these locations rarely have prevalence and
treatment coverage and retention data. Although we seek
to reflect the strength of available evidence through the
propagation of uncertainty through draw-level estimation
throughout our modelling process, it is difficult to
account for all sources of uncertainty, including structural
uncertainty (ie, uncertainty intervals are conditional on
model choice, and we employ different models for
different data contexts). Additionally, the timeline of the
estimate production process limited our ability to
incorporate newer data that were made available after the
beginning of our production process but before
manuscript submission. Finally, the mortality and
disease progression parameters that drive our HIV
simulation are estimated through the pooling of available
data, resulting in three broad categories of parameter
estimates: sub-Saharan Africa, high income, and other.
This crude stratification reflects any appropriate primary
classification of differences in rates, but evidence
indicates location-specific differences in these rates,
particularly by demographic stratification, that could
affect our more granular estimates. Future work to
develop location-specific transition parameter estimates
could improve the precision of stratified estimates. Our
forecasts reflect the single chosen approach to projecting
ART coverage, and future work could investigate how
burden projections vary according to various approaches
to ART coverage projection through a sensitivity analysis.
One opportunity for improvement would be to use a
diffusion of innovations approach—a theory regarding
the pace at which improvements made in one location
can be adopted elsewhere—to model achievable coverage
through a stochastic frontier model.”® Similarly, the
projection of the transmission rate in our forecasts
captures implicit assumptions about changes in
non-ART HIV prevention activities. Explicitly capturing

the impact of these programme activities on the
transmission rate would expand the policy relevance of
our forecasts. The introduction of the PUV metric brings
a new focus to the role of viral suppression in our
modelling. A limitation of this study is that we do not
directly model viral suppression and its variation across
time and locations. In future work, we would like to
integrate data on viral suppression into location-specific
transmission rates. Interrogation of age-specific variation
in PUV could reveal interesting opportunities to prevent
transmission of HIV across generations. Possible metrics
to include in future manuscripts could build on the
lifetime probability concept, such as looking at the
lifetime probability of death from HIV versus non-HIV
causes among people living with HIV.

In conclusion, to sustain and invigorate the global HIV
response, with a forecast of 44 million people living with
HIV by 2030 and still more than 1 million new infections
each year, the global community will require leadership,
commitment, collaboration, and innovation. Investments
in HIV programmes will need to match increasing
demand and be reflective of true partnership. Crucially,
public health efforts, such as PEPFAR, which has helped
to provide treatment to more than 20 million people
living with HIV over two decades, need to be protected
and strengthened. As the population of people living
with HIV ages, health-care needs will evolve and include
the management of other chronic diseases. Prevention
services, with a multitude of existing and emerging
technologies in the pipeline, can help to further reduce
the number of new infections. Stigma, discrimination,
punitive laws, and other obstacles to providing care and
treatment must be eliminated, whereas key populations
and marginalised communities who are at the greatest
risk must be identified and receive special attention and
necessary resources. With an abundance of tools and
strategies at our disposal, interventions and care delivery
models that work must be studied and implemented
effectively and equitably. As a global community, decades
into the fight, measuring and understanding progress
and remaining gaps can help us chart the path towards
our collective goal of ending the HIV epidemic.
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