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The statistical illusion of a global
HIV endgame: disparities in
regional progress toward 95-95-
95 targets

Shaoming Chen*

Rheast LLC, Houston, TX, United States

This study analyzes prevalence growth rates across regions using UNAIDS data
and statistical modeling to forecast trends through 2050. Globally, the 95-95-95
targets are projected to be achieved by 2035, 2034, and 2025, respectively, largely
due to the success of robust interventions in Eastern and Southern Africa. While
some progress has also been made in other regions, including improvements
in treatment coverage and testing uptake in parts of Latin America and Asia,
significant gaps remain, with a continued high burden and sustained accumulation
of new infections in certain countries, where persistent transmission and limited
treatment coverage reveal stark disparities. These regional crises challenge the
framework's global applicability, suggesting Africa’s progress cannot be extrapolated
universally. Relying solely on the 95-95-95 framework risks creating an illusory
sense of achieving an “endgame” without tailored strategies that address diverse
epidemiological contexts. This study used a random forest model analyzing feature
correlations with HIV growth. The new infection is most strongly correlated, while
the first 95 target is also highly correlated, indicating that prevention and high
testing significantly reduce the growth rate. The LGBT score and urban population
are positively correlated, although unmeasured confounders (e.g., disparities in
testing access) may contribute to this association or reflect underlying social
network density. The third 95 target displays weaker correlations, showing that
HIV growth is driven by those who have not been tested. Prevention efforts
should prioritize encouraging untested individuals in urban LGBT populations to
undergo testing, underscoring the need for targeted initiatives alongside broader
structural interventions.

KEYWORDS

HIV, AIDS, epidemiology, global health, public health

Background

UNAIDS, a key agency of the United Nations, has established the 95-95-95 Targets to end
the AIDS epidemic by 2030 (1), aligning with global health objectives. These targets aim to
reduce new HIV infections and AIDS-related deaths while ensuring that the majority of people
living with HIV have access to life-saving treatment. Although significant progress has been
achieved in some areas, the global response remains uneven, and multiple factors continue to
hinder these efforts.

One notable achievement has been a 60% reduction in new HIV infections since 1995 (2),
but many regions are falling behind on key targets. In Asia and the Pacific, for example, only
79% of people living with HIV know their status, which is far from the 95% target. Globally,
9 million people still lack access to treatment, increasing their risk of poor health outcomes
(3). Beyond economic factors, challenges such as inadequate healthcare infrastructure,
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political instability, social stigma, and limited access to education and
prevention programs significantly influence the effectiveness of HIV
interventions (4).

While omitted from the quantitative analysis due to data
limitations, structural barriers are well documented to exacerbate HIV
testing gaps. The UNAIDS report notes that stigma, discrimination,
and punitive laws continue to undermine efforts to ensure that key
populations have access to HIV services. Evidence from a 2023 survey
in seven countries in Western and Central Africa shows that more
than 12% of people living with HIV aged 18-24 years reported
avoiding health centers for care as a result of their HIV status (5).
Globally, more than 16 jurisdictions maintain laws criminalizing
private, consensual same-sex sexual activity, which in turn reinforces
structural barriers to HIV prevention, testing, and treatment (6).

This research will analyze current data on new infections and
related factors to project future trends. By examining these factors, the
study aims to identify gaps in the response and offer actionable
insights to improve intervention strategies.

Methods

This study employs a comprehensive approach to analyze trends
in HIV/AIDS and forecast future trajectories through 2050, utilizing
global health and demographic data. The methodology integrates
quantitative data analysis and statistical modeling to evaluate progress
toward the UNAIDS 2030 goals and predict long-term outcomes.

The primary data source for this research is the UNAIDS HIV
estimates with uncertainty bounds, covering the period from 1990 to
the present (4). These documents provide detailed statistics on HIV
prevalence, incidence, testing, treatment, and mortality, along with
uncertainty ranges to account for variability in reporting. The analysis
begins with an examination of global trends to establish an overall
picture of the epidemic’s evolution. Subsequently, the data are
disaggregated to explore regional patterns, followed by a detailed
investigation of individual countries where sufficient data are available.
Countries with no data are excluded from the analysis.

Python is used as the primary programming language for data
analysis, offering robust tools for handling large datasets and
performing statistical modeling. Specifically, the Pandas (7) library is
employed to process Excel tables from UNAIDS and the United
Nations, enabling data cleaning, aggregation, and transformation into
a suitable format for analysis. The mathematical models are applied to
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fit the historical data and project future trends. These models are
selected to capture different potential trajectories of the epidemic,
representing linear growth, or slowing progression, respectively. The
forecasting formulas for each model are outlined in Table 1, providing
a structured basis for extrapolation beyond the current data.

For the curve-fitting process, the NumPy (8), and SciPy (9)
libraries are used, with the curve_ fit function from SciPy enabling
precise parameter estimation for each model. The fitted models are
then used to forecast HIV-related metrics, such as new infections,
treatment coverage, and viral suppression, up to the year 2050.

To assess the accuracy of the fitted models, the coeflicient of
determination R is calculated for each model, providing a measure
of how well it explains the variance in the historical data. R* values are
computed using the r2_score function from the Scikit-learn (10)
library, ensuring a standardized and reliable evaluation metric. The
model with the highest R? is selected as the best fit for that specific
dataset, indicating the most accurate representation of the observed
trends and the most reliable basis for forecasting.

This study used a random forest regression method to predict
HIV growth rate, with features including LGBT score (11), sex
education (12), urban population (13), funding (14), and three
indicators of the 95-95-95 target (3). Due to limitations in data
sources, quantitative indicators of key variables such as social stigma
and legal barriers were not included. Random forest was chosen
because of its robustness to heterogeneous datasets and its ability to
handle high-dimensional features. Random forest is an ensemble
learning method that performs well in dealing with complex,
nonlinear, multidimensional data by building multiple decision trees
and aggregating their predictions (15). In this study, n _estimators was
set to 100 to achieve a balance between computational efficiency and
model stability (10). The random _state was set to 1 to ensure
reproducibility of the results. Feature importance is calculated by
averaging the feature contribution of each tree, providing the relative
impact of each variable on the prediction, while the Pearson
correlation coefficient is used to reveal the positive or negative
relationship between the feature and the target variable.

Results

This analysis utilizes data from UNAIDS spanning 2013-2024 to
fit the growth trend of the global HIV epidemic. Based on this
projection, the first, second, and third targets of the 95-95-95

TABLE 1 Mathematical models: Linear models are applied to trends showing no significant change, Logarithmic models to trends exhibiting
deceleration, and Sigmoid models to percentage variables, as these reflect natural saturation toward 100%.

Model Formula

Linear Vi =a+ pXx; ﬂ:nZ(X/y/)—ZX/Z}/i a=ZYi_ﬁZXi
an,'Q—(ZX,')2 n
Logarithmic Vi :a+ﬂ|ﬂ(X,') ﬁ:nZ()’iZi)’zinZi a=w z :In(x,')
nZz,'z—(Zz,')2
Sigmoid yi=—2% _nE(xizj)-Ex Lz a= max yj _ [ Vi ]
! 1+e_ﬁXr B nZX/'Z*(ZX/')Z OSy,S1 Zi=n a-yj
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framework—95% of people living with HIV knowing their status, 95%
of diagnosed individuals receiving treatment, and 95% of those treated
achieving viral suppression are estimated to be achieved around 2035,
2034, and 2025, respectively. These trends are illustrated in Figure 1.

However, when zooming in to specific regions, the conclusions
diverge significantly. Eastern and southern Africa, the most populous
region, accounted for 20.5 million people living with HIV in 2020,
representing 52.7% of the global total of 38.9 million. The slowdown
in this region has artificially elevated the global average, masking
underlying disparities.

While Eastern and southern Africa and Western and central
Africa exhibit a decelerating growth trend, other regions present a
contrasting picture, as shown in Figure 2. Asia and the Pacific,
depicted in the upper-right panel, continue to experience rapid
accumulation, rising from 6.1 million in 2015 to a projected 9.1
million by 2050. Similarly, the Caribbean and the Middle East and
North Africa, shown in the lower-right panel, show steep increases,
with the Caribbean projected to reach 486,500 cases by 2050 and
the Middle East and North Africa nearing 461,400 cases. Eastern
Europe and central Asia, as well as Latin America, also raise
concerns, with their growth trajectories in the lower-left panel
suggesting persistent challenges, reaching 4.1 million and 3.2
million, respectively, by 2050.

The red curve represents the global data, but unlike the previous
curve fitting approach, this analysis calculates the actual global growth
by summing the projections derived from fitting the data of eight
distinct regions individually. A noticeable discrepancy emerges
between the summed result from regional model fits and the fitted
global trend, with the summed projection reaching a median estimate
of 49.6 million by 2050 compared to the fitted global median estimate
of 48.8 million in 2050. For reference, the 2024 global estimate is 40.8
million, with a low estimate of 37.0 million and a high estimate of 45.6
million (3). The projected 2050 values have an approximate range of
+4 million around the respective median estimates. These two global
projections (48.8-49.6 M) reflect the difference between the two
modeling approaches rather than statistical uncertainty (+4 M), and
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are illustrated exclusively in the upper-left panel of Figure 2. This gap
underscores how averaging obscures the true growth trajectory of the
HIV epidemic.

This discrepancy arises because averaging smooths out regional
variations, particularly the rapid accumulation in regions like Asia and
the Pacific, the Caribbean, and the Middle East and North Africa,
while underrepresenting their contribution to the global total. By
aggregating data across regions with divergent epidemiological
dynamics, such as the decelerating trends in Eastern and southern
Africa versus the accelerating trends in Asia and the Pacific, averaging
introduces a statistical bias that dilutes the impact of rapid
accumulation areas. This methodological flaw highlights the
limitations of relying on global averages to capture the heterogeneous
nature of the HIV pandemic, potentially leading to over-optimistic
conclusions about the trajectory of the epidemic.

For instance, according to UNAIDS statistics, the number of
adults and children newly infected with HIV in Asia and the Pacific
was 340,000 in 2013, yet by 2024, this figure remained alarmingly high
at 300,000 (3). This marginal decline of only 40,000 over a decade
highlights the persistent challenge of controlling new infections in the
region, despite global efforts to curb the HIV epidemic. It underscores
the limitations of current prevention strategies in addressing the
unique social, cultural, and structural barriers in Asia and the Pacific,
such as stigma, limited access to testing, and inadequate targeting of
high-risk populations, indicating that the region remains a critical
hotspot for the ongoing HIV crisis.

The analysis includes data on the LGBT score (Equaldex, 166
countries), sex education (WHO, 117 countries), urban population
(World Bank, 163 countries), funding (UNAIDS, 111 countries), new
infection and the three indicators of the 95-95-95 target (UNAIDS,
169 countries). However, only 89 countries have complete data across
all these indicators. Due to incomplete data across countries, the
random forest model was applied only to those with complete datasets.
Countries with missing data were excluded from the analysis. Factors
such as social stigma and legal barriers were not included in the
analysis, as they are challenging to quantify consistently across
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FIGURE 1
around 2035, 2034, and 2025, respectively.

Projected timeline for achieving the UNAIDS 95-95-95 targets based on global HIV data from 2013 to 2024. The figure illustrates the estimated years
of attainment for the first (95% awareness of HIV status), second (95% treatment coverage), and third (95% viral suppression) targets, projected to occur
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FIGURE 2
The figure illustrates the projected growth of HIV cases across eight distinct regions, including Eastern and southern Africa, Western and central Africa,
Western and central Europe and North America, Eastern Europe and central Asia, Latin America, Asia and the Pacific, the Caribbean, and the Middle
East and North Africa. The blue curve indicating the sum of individually fitted regional projections, while the red curve shows the overall fitted global
trend. The noticeable divergence between these two curves highlights the disparities masked by averaging the regional data, and shows how regional
growth in the Asia-Pacific is masked by African trends.

countries due to differences in cultural context, legal systems, and the
lack of standardized, comparable data.

The dataset contains a variety of socioeconomic and public health
indicators, and random forest is able to capture the nonlinear
interactions between these variables without assuming a specific
functional form. In addition, the method is insensitive to noise and
outliers, which is particularly important in cross-national HIV data
because the data may vary due to statistical methods or reporting
quality. However, as a “black box” model, random forest lacks
transparency in its internal decision-making process. Although it can
efficiently predict and quantify feature importance, it cannot directly
provide clear coeflicients or explanatory formulas similar to linear
regression. These correlations are illustrated in Figure 3.

In predicting the HIV growth rate, the correlation between each
feature and the growth rate reveals the direction and strength of its
impact. The new infection is most strongly correlated, while the first
95 target is also highly correlated, indicating that prevention and high
testing significantly reduces the growth rate. The LGBT score and
urban population are positively correlated, although unmeasured
confounders (e.g., disparities in testing access) may contribute to this
association or reflect underlying social network density. Funding
shows only a general correlation, indicating that its impact is not
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significant. The third 95 target displays weaker correlations, showing
that HIV growth is driven by those who have not been tested. This
suggests that the population with viral suppression is not the main
factor in virus transmission. As a result, the third 95 target have
limited predictive power and contribute minimally to the model.

These findings underscore the importance of prioritizing
prevention efforts alongside treatment. While current funding appears
to focus primarily on “life-saving activities,” sustained epidemic
control also requires proactive strategies to “close the tap” by
preventing new infections. Incorporating prevention indicators into
epidemic modeling could enhance both statistical robustness and
advocacy for upstream interventions.

Discussion

Substantial progress has been achieved toward the 95-95-95
targets in several regions, with Eastern and Southern Africa
demonstrating sustained gains in testing coverage, treatment access,
and viral suppression. Other regions, including parts of Latin America
and Asia, have also made measurable improvements in service
delivery and case detection.
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However, relying solely on the proportion of diagnosed people
living with HIV (PLHIV), calculated as diagnosed cases divided by
the total estimated number of PLHIV, can be misleading when
evaluating progress toward HIV testing targets. This indicator,
commonly associated with the “first 95” of the UNAIDS 95-95-95
goals, appears to show improvement. For example, in Asia and the
Pacific, the proportion increased from 60% in 2017 to 79% in 2024.
However, such gains may reflect statistical artifacts rather than
substantive progress. If the number of undiagnosed individuals
remains relatively constant over time, while the total number of
PLHIV increases due to ongoing new infections, estimated at
approximately 300,000 annually in the Asia-Pacific region, then the
proportion of diagnosed individuals may rise without any actual
reduction in the undiagnosed population. Since the numerator reflects
the total number of PLHIV minus the undiagnosed population, an
increasing denominator combined with a stable number of
undiagnosed cases can create the illusion of improved testing coverage.

While achieving the 95-95-95 targets in each subregion is
essential for meaningful global epidemic control, it is equally
important to consider that the number of new HIV infections has not
significantly declined in some contexts. Relying solely on the treatment
cascade may obscure ongoing transmission dynamics. Therefore,
progress should be assessed not only through the 95-95-95
framework, but also by incorporating additional indicators such as
reductions in new infections and improved prevention coverage.

While Eastern and southern Africa have demonstrated significant
success, nearing these targets due to robust intervention programs,
this progress does not equate to global triumph. The persistent HIV
transmission in regions such as Asia and the Pacific, the Caribbean,
and the Middle East and North Africa underscores a stark disparity.
Relying on the 95-95-95 framework as a marker of global success
risks overlooking these regional crises, suggesting that the “endgame”
may be an illusion unless tailored strategies address the diverse
epidemiological landscapes beyond Africa’s borders.

Additionally, HIV prevention and control strategies should focus
on the LGBT community in highly urbanized areas, particularly those
who have not been tested. In countries such as China and India, HIV
testing coverage among LGBT populations remains low due to factors
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such as social stigma, limited legal and policy support, and barriers to
accessing inclusive healthcare services. The positive correlation
between the LGBT score and urban population indicates that these
areas have high population density and complex social networks,
which may increase the risk of exposure and transmission within the
LGBT community. Conversely, individuals who have received
treatment, especially those whose virus is suppressed, require less
attention. Given limited funding, resources should prioritize
encouraging untested individuals to undergo testing.

MSM (men who have sex with men) continue to carry a
disproportionately high HIV burden globally (16). According to ILGAs
report, more than 16 UN member states still criminalize consensual
same-sex activity, reinforcing structural barriers to prevention, testing,
and treatment (17). To address these disparities, funding mechanisms
such as Global Fund allocations should prioritize hyper-local strategies
in lagging regions, for example by deploying mobile testing units
targeted at urban LGBT communities. While global targets serve to
unify advocacy, their implementation must be adapted to regional
realities to ensure that key populations in underserved areas are
effectively reached.
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