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Purpose: Investments in antiretroviral therapy (ART) have shown to improve outcomes for those living with human immunodefi-
ciency virus (HIV) and reduce exposure to and transmission of the virus. In the current work, we assess the impact of ART on 
government public accounts since its introduction in 1987.
Methods: National HIV epidemiological data from 1987 to 2023 were compared to a hypothetical no ART treatment scenario. This 
scenario was based on time series analysis, and on a transmission equation based on the effectiveness of ART. In the absence of 
historical epidemiological data, trend extrapolations were considered. The model assumes that individuals on ART are virally 
suppressed and, conservatively, excludes the impact of pre-exposure prophylaxis. The resulting differences in the number of HIV 
infections, acquired immunodeficiency syndrome (AIDS) cases and HIV-related deaths per year, were then considered to evaluate the 
impact on the labor market and on healthcare costs, based on the literature. The impact on employment was then used to estimate tax 
revenue and social benefits transfers. Results are presented separately with and without longevity effects.
Results: The investment in ART from 1987 to 2023 was estimated to prevent millions of new infections and AIDS cases and to avoid 
HIV-related deaths. This investment was estimated to provide a return of US$2.11 trillion from 1987 to 2023; each US$1 spent on 
ART was estimated to create a revenue of US$4.3 to the public sector in the USA. Results remained positive when longevity effects 
were included. One-way sensitivity analysis showed results were robust.
Conclusion: The analysis illustrates the broader economic benefits to the government attributed to public and private investments to 
develop and make ART available. The fiscal analysis of investing in ART shows a fourfold gain for the US government. This broader 
analysis is crucial to help shape health policy and funding decisions.

Plain Language Summary: Treatments for human immunodeficiency virus (HIV) infection cost money to provide, but also can 
have positive economic effects by keeping people healthy, avoiding healthcare costs from HIV-related illnesses, and allowing people 
living with HIV to stay healthy and contribute to the workforce. To describe the overall impact of HIV treatments on the US public 
economy, we used historical data since antiretroviral therapy (ART) was first made available in the United States (US) for the 
treatment of HIV and compared it with a scenario in which ART was not available (1987–2023). The aims were to consider the benefits 
of ART use for health outcomes and in the labor market and to quantify the overall costs and benefits to the US government. The 
impact of ART use in reducing the number of HIV infections, AIDS (acquired immunodeficiency syndrome) cases, HIV-related deaths 
and on improving the outcomes of those living with HIV was analyzed in terms of economic transfers to the government. More 
workers in the labor market attributed to using ART stopped the loss of tax revenue and the need for governmental payments, such as 
unemployment insurance and disability benefits. The reduction of healthcare costs for HIV care financed by the government was also 
considered. Our model suggests that public investment in the development of progressively more effective ART resulted in a net 
financial gain for the government since the mid 1990s, with a current gain of US$ 4.3 per every US$ 1 spent on ART and a net present 
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value of US$ 2.11 trillion from 1987 to 2023. An analysis of the impact of healthcare public spending in broader economic sectors is 
essential to improve the evidence available to public decision makers. 

Keywords: antiretroviral therapy, HIV, economics, employment, viral suppression, innovation

Introduction
More than 30,000 people are diagnosed with the human immunodeficiency virus (HIV) every year in the United States 
(US),1,2 and the prevalence of people living with diagnosed or undiagnosed HIV was estimated at 1.2 million in 2022.2 

The introduction of antiretroviral therapy (ART) for the treatment of HIV has dramatically extended and improved the 
lives of people living with HIV (PLHIV). Viral suppression after initiation of treatment with ART allows PLHIV to have 
healthier lives and reduces sexual transmission of the virus.3 Despite efficacious and effective treatment, PLHIV can still 
face challenges in maintaining viral suppression, including barriers to care, ART access issues, and other health-related 
challenges.4

Unsuppressed HIV infection results in increased morbidity and mortality, healthcare resource use, and increased costs 
for PLHIV, private insurers and government programs. Although the healthcare-related costs for PLHIV associated with 
the clinical burden of HIV have been widely discussed,5,6 there are several other economic factors which are impacted by 
HIV. Changes in employment status and lost wages due to ill health associated with HIV can impact the individuals and 
their families and also have profound impacts on decreasing tax revenue and increasing spending on public benefit 
programs.7–10 These indirect costs associated with HIV could comprise billions in productivity losses annually; therefore, 
improving the health outcomes of PLHIV and preventing new HIV infections is likely to have positive economic impacts 
on the government.11

The aim of the current work was to assess the public economic impact from the introduction and subsequent 
improvements to ART in the US. A cost–benefit analysis was used to quantify the return on investment since the first 
ART approval in 1987. A fiscal perspective was applied, quantifying costs and benefits to the US government. Public 
health outcomes such as prevented HIV infections, acquired immunodeficiency syndrome (AIDS) cases and HIV-related 
deaths were estimated, and expenditures on ART, healthcare costs, tax revenue, and social benefits transfers were 
considered. In addition, a secondary analysis was conducted from the perspective of Medicare, utilizing health economic 
data that corresponds to the population covered by Medicare. Methodological challenges were faced given the lack of 
historical epidemiological data. Also, the current analysis is based on the premise that PLHIV on ART are virally 
suppressed, given the complexity of modelling ART effectiveness across multiple innovations and settings in the US. 
Moreover, the impact of pre-exposure prophylaxis (PrEP) was conservatively not considered in the current analysis.

Materials and Methods
Historical data on the HIV epidemic in the US (1987–2023) were compared to a hypothetical scenario in which ART was not 
available for treating PLHIV and consequently preventing new infections. A decision analytic model was developed in 
Microsoft Excel to compare the two scenarios: the observed epidemic outcomes and a counterfactual scenario with no ART. 
The model used a time series analysis12 to project what would have happened had ART not been discovered and brought to 
market in the late 1980s. Specifically, historical data on AIDS cases and HIV-related deaths attributable to HIV before the 
discovery of ART were extrapolated to simulate epidemic outcomes without the therapeutic benefits of ART. This 
hypothetical scenario was then compared with the historical data of the HIV epidemic in the US for the study period.

Epidemiological Data, Treatment Coverage and Transmission Rates
The number of AIDS cases and HIV-attributable deaths from 1987 to 2021 were sourced from population-based data,13,14 

and were assumed to be constant from 2021 to 2023, years for which data were not available. For HIV incidence, the 
most recent available data at the time of the analysis were considered (1987–2021).1,15 HIV prevalence was calculated 
from the data reported in HIV Surveillance reports published by the Centers for Disease Control and Prevention (CDC) 
from 2006 to 2021.16–20 Interpolation was used to estimate HIV prevalence from 1980 to 2006, and the estimated 
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population of PLHIV over time was obtained from the literature.21 Data on uptake of ART were accessed through the 
North American AIDS Cohort Collaboration on Research and Design (NA-ACCORD) and assumed as nationally 
representative.22,23

To estimate the number of new HIV infections in scenarios with and without ART, a transmission equation was created 
(Equation 1 in Appendix), considering the impact of being on ART on the transmission risk. This equation did not include 
the impact of PrEP on HIV transmission rates, and all patients on ART were assumed to be virally suppressed and thus have 
no risk of transmitting HIV infections to others. Transmission rates per exposure category for PLHIV and those who were 
not virally suppressed (β0 in Appendix Equation 1) were based on a prior systematic review24 and the effectiveness of ART 
on preventing new infections (RRART) was sourced from a meta-analysis.25

The population covered by Medicare included PLHIV aged <65 years old covered by Medicare due to disability 
(estimated at 6% of the prevalent PLHIV) and PLHIV relying on Medicare after turning 65 years old (estimated at 31% 
of the prevalent PLHIV).2,26 Historical data of HIV infections and AIDS cases below the age of 65 years old was 
obtained from HIV surveillance data.27 The number of PLHIV aged 65 years or more was estimated based on life 
expectancy of each group (general population, PLHIV and PLAIDS).28,29

Estimation of Tax Revenue and Fiscal Transfers
The averted epidemiological burden (averted new HIV infections, AIDS cases, and HIV-related deaths) of HIV due to 
ART was monetized to estimate the fiscal consequences of ART. The prevention of new HIV infections and AIDS cases 
avoids a lower employment rate and consequently, the loss of tax revenue from earnings and consumption (direct and 
indirect taxes). The impact on unemployment insurance, healthcare costs of ART, HIV or AIDS management and non- 
HIV related care were also considered. Increasing life expectancy impacts the number and duration of transfers provided 
(longevity effects). Transfers include unemployment insurance, disability benefits and retirement pensions. These effects 
were considered in a secondary scenario in which longevity effects were included.

The impact of HIV and AIDS on employment, unemployment and on disability benefits were based on the 
literature.30–35 Relative risks were identified comparing PLHIV or PLAIDS to a matched cohort with no HIV infection. 
The matched cohort was assumed to represent the demographically identical group in the US general population, in terms 
of age and gender. The effects of HIV/AIDS on occupational outcomes considered in the model are detailed in Table 1.

The age at HIV diagnosis and life expectancy of each group (general population, PLHIV and PLAIDS) were used to 
estimate lifetime earnings, and lifetime government costs and benefits. The mean age at HIV diagnosis was based on the 
age group-specific weighted distribution of HIV incidence from 2000 to 2021.15 The age of diagnosis before 2000 was 
assumed to be similar to the one reported in 2000 (37 years old). Life expectancy of the three groups was sourced from 
literature based in North America.28,29 Life expectancy from 1987 to 2003 was assumed unchanged in the three groups.

Table 1 Effect of HIV/AIDS on Occupational Outcomes

Occupational 
Outcome

Disease 
Status

Comparison Mean 95% CI 
Lower

95% CI 
Upper

Source

Employment HIV PLHIV vs GP (RR) 0.84 0.83 0.86 [30]

AIDS PLAIDS vs GP (OR) 0.42 0.34 0.52 [31]

Unemployment HIV CD4 < 50 vs CD4 ≥ 50 (OR) 1.41 1.14 1.74 [32]

AIDS CD4 ≤ 200 vs CD4 > 200 (OR) 1.82 0.94 3.58 [33]

Disability HIV PLHIV vs GP (OR) 1.08 1.06 1.10 [34]

AIDS CD4 < 200 vs CD4 ≥ 500 (OR) 1.58 1.25 1.99 [35]

Abbreviations: PLAIDS, people living with acquired immunodeficiency syndrome; CI, confidence interval; GP, general population (unaffected by HIV); HIV, human 
immunodeficiency syndrome; OR, odds ratio; RR, relative risk.
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The average national annual tax wedge36 was applied to earnings from employment to estimate direct taxes. The tax wedge 
considers both taxes and contributions to social security, supported by employees or employers. National employment rates 
and earnings from employment by age group since 1987 were considered.37,38 A maximum working-age of 75 years of age 
was assumed to limit the contribution of taxes from employment in the model. Indirect taxes were based on the average 
national tax on goods and services per year, as a percentage of the Gross Domestic Product (GDP).39 This tax rate was applied 
to the total personal age-specific income, which was estimated using the per year ratio of personal income to earnings from 
employment per year (1987–2021) and the 2013–2022 average ratio of disposable income to total personal earnings.40,41

Age-specific data on the proportion of people receiving disability and retirement pensions and the recipients of public 
transfers monthly payments were obtained from Social Security historical datasets.42,43 The number of people receiving 
unemployment insurance in the general population was assumed as 50% of the annual number of unemployed per age 
group37 and multiplied by the average weekly benefit paid and the average duration of the benefit.44 Rates were applied 
to the total resident population in the same age-group, per year.45–49

Equations used to estimate lifetime earnings from employment (Appendix Equations 2 to 4), lifetime tax revenue 
(Appendix Equations 5 and 6) and lifetime governmental transfers (Appendix Equations 7 to 9) in the three population 
groups (general population, PLHIV, PLAIDS) are detailed in the Appendix. Differences between the three groups were 
used to value the scenarios with and without ART.

Historical prices were converted to 2023 values, based on consumer price index (CPI) tables,40 and the net present 
value (NPV) of lifetime fiscal effects was estimated.

Estimation of Healthcare Costs
Annual healthcare costs were based on studies identified in the published literature.6,50–58 All costs were converted to 2023 
values, based on the health CPI.40 The proportion of PLHIV whose healthcare was covered by the public sector was assumed to 
be at a constant rate of 47.5%; this estimate was modelled based on the proportion of healthcare resources financed by the public 
sector.59 For years with missing annual healthcare cost data (AIDS-related costs after 2012 and annual HIV-related and ART costs 
after 2018), available costs from previous years were inflated, according to the year-specific health CPI.40 Moreover, healthcare 
costs unrelated to HIV were applied to all groups: general population, PLHIV and PLAIDS. Based on findings from matched 
cohorts with no HIV, a constant 2.42 ratio of HIV to non-HIV healthcare costs was adopted from 1984 to 2011.6 From 2012 
onwards, an annual decrease of 6% on non-HIV healthcare costs was applied based on the weighted average variation of HIV to 
non-HIV costs.58 An illustration of the total annual healthcare costs used in the model is presented in Figure 1. Equations used to 

Figure 1 Average modeled annual healthcare costs per person with HIV in the United States (US $). 
Abbreviations: AIDS, acquired immunodeficiency syndrome; ART, antiretroviral therapy; HIV, human immunodeficiency syndrome.
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compare disease management healthcare costs and ART costs between PLHIV (with or without the progression to AIDS) and the 
general population are presented in the Appendix.

The Medicare perspective analysis assumed that all healthcare costs were public. Per-patient Medicare costs were at 
81% of the average overall healthcare costs for PLHIV in the US.26 When those older than 65 years old were considered 
separately, this proportion changed to 61%.60 Healthcare costs unrelated to HIV were estimated to be higher among the 
Medicare population (+304% when compared to the average PLHIV and +60% when compared to PLHIV older than 65 
years old).26,60

Economic Evaluation
A cost–benefit analysis was conducted, and results were reported in terms of the NPV of ART and its benefit–cost ratio. 
Equations are detailed in the Appendix. The analysis was conducted with and without the inclusion of excess healthcare 
and other fiscal costs resulting from the survival benefit associated with ART (ie, the longevity effect). In the Medicare 
perspective analysis, we report the difference in healthcare costs only. Lifetime costs and benefits of survivors diagnosed 
before 2023 were discounted at 3%.61

Sensitivity Analysis
One-way deterministic sensitivity analysis was conducted and summarized in a tornado diagram, applying a variation of 
±25% to all parameters included in the model. Scenario analyses were conducted for a proportion of non-virally 
suppressed PLHIV on ART, and excluding the impact of deaths from model estimates to minimize the likelihood of 
double counting the impact of avoided AIDS cases and HIV-related deaths occurring within the same year. Additionally, 
ten-year periods were used to assess the impact of incremental innovation across time. Scenario analyses were also 
conducted from Medicare’s perspective, in order to assess the robustness of its results.

Results
Public investment in ART in the US, from 1987 to 2023 was estimated at US$643 billion in present value (Appendix 
Equation 11). This investment led to public healthcare cost savings of US$1.4 trillion due to the improved health 
outcomes of PLHIV on ART and reduced transmission rates (Appendix Equation 10). We estimated that, during the same 
period, 1.4 million HIV infections (Appendix Equation 1), 1.9 million AIDS cases and 2.0 million HIV-related deaths 
were avoided as a result of the use of ART. These public health gains resulted in higher labor market participation, which, 
in turn, generated increased earnings from employment. Compared to the no ART scenario, these gains averted 
a potential tax revenue loss for the US government of US$1.3 trillion from 1987 to 2023 (Appendix Equation 6). 
Unemployment insurance was estimated to be slightly higher in the ART scenario, representing a loss of US$523 million 
for the US government (Appendix Equation 9). This can be explained by the larger number of PLHIV who were on 
treatment and therefore were economically active at higher rates compared to a scenario with no access to treatment. 
From a fiscal standpoint, unemployment is a transient state for economically active individuals.

Results of this cost–benefit analysis are presented in Table 2. The estimated NPV of ART investment, from 1987 to 
2023, was positive: US$2.1 trillion (Appendix Equation 14). The corresponding benefit–cost ratio was estimated at 4.3, 
indicating that every $1 of public spending on ART yielded more than a fourfold fiscal gain (Appendix Equation 15). 
Over time, fiscal gains continued to accrue as ART effectiveness increased in the late 1980s because of incremental 
innovations in ART medications (Figure 2). This is also reflected in the different benefit–cost ratios observed over 
different periods of time: benefit-cost ratio increased from 1.2 during the period 1987–1996 to 7.6 over the observed 
period 2017–2023 (Table 3). Despite the increase in ART costs in later time periods, fiscal gains continued to accrue 
resulting in improved net fiscal gains.

The analysis that included the effects of longevity considered the excess costs caused by the survival benefits of ART. 
Those excess costs included costs of retirement (Social Security retirement benefits), disability benefits and non-HIV- 
related healthcare costs (Appendix Equation 13). These costs reduced the estimated NPV of ART by 9%, to an overall 
positive economic result of US$1.9 trillion. The benefit–cost ratio accounting for the effects of longevity was 4.0.
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From the perspective of Medicare, historical and prospective ART costs were estimated at US$77 billion which, in 
turn, yielded healthcare cost savings of US$153 billion in present values. These savings correspond to US$77 billion in 
NPV and a benefit–cost ratio of 2.0 (Table A.1).

Table 2 Fiscal Consequences of Treating HIV in the US 1987–2023

Fiscal Effects (US$, 2023)

ART costs (Investment)a $643,697m

HIV healthcare cost-savings (fiscal gain)b $1,411,134m

Averted tax revenue loss (fiscal gain)c $1,346,040m

Unemployment insurance costs (fiscal loss)d $523m

NPVe $2,112,955m

BCRf 4.3

Longevity effects (Fiscal losses)

Retirement, old-age pensiond $26,648m

Disability benefitsd $232m

Non-HIV healthcare costsb $165,723m

NPV including longevity effects $1,920,352m

BCR including longevity effects 4.0

Notes: aAppendix Equation 11; bAppendix Equation 10; cAppendix Equation 6; dAppendix 
Equation 9; eAppendix Equation 14; fAppendix Equation 15. 
Abbreviations: HIV, human immunodeficiency syndrome; ART, antiretroviral; NPV, net 
present value; BCR, benefit–cost ratio; m, millions.

Figure 2 Evolution of sustained fiscal gains and costs of investing in antiretroviral therapy in the United States (1987–2023). 
Abbreviations: ART, antiretroviral therapy; NPV, net present value; NRTIs, nucleoside/tide reverse transcriptase inhibitors; PIs, protease inhibitors; NNRTIs, non- 
nucleoside reverse transcriptase inhibitors; EI, early inhibitors; STR, single tablet regimens; II, integrase inhibitors; LAIART, long-acting injectable antiretroviral therapy; 
PrEP, pre-exposure prophylaxis.
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Sensitivity Analysis
Results without longevity effects were positive after varying each parameter by ±25% (Figure 3). The NPV remained 
consistently positive and > US$1.5 trillion. Results were most sensitive to: HIV transmission rates, incidence of AIDS 

Table 3 Fiscal Impact of Varying the Proportion of PLHIV on ART with Viral Suppression

PLHIV on ART with Virologic Suppression (%) Fiscal Effects (US$, 2023)

80% 90.6%62 95% 100% 
(Base Case)

ART costs (Investment)a $643,697m $643,697m $643,697m $643,697m

HIV healthcare cost-savings (fiscal gain) b $1,222,829m $1,322,698m $1,364,109m $1,411,134m

Averted tax revenue loss (fiscal gain)c $1,326,545m $1,336,884m $1,341,171m $1,346,040m

Unemployment insurance costs (fiscal loss)d $765m $636m $583m $523m

NPVe $1,904,912m $2,015,249m $2,061,000m $2,112,955m

BCRf 4.0 4.1 4.2 4.3

Longevity effects (Fiscal losses)

Retirement, old-age pension d $ 25,038m $25,892m $26,246m $26,648m

Disability benefits d $ 227m $229m $230m $232m

Non-HIV healthcare costsb $ 158,807m $162,475m $163,996m $165,723m

NPV including longevity effects $1,720,840m $1,826,653m $1,870,528m $1,920,352m

BCR including longevity effects 3.7 3.8 3.9 4.0

Notes: aAppendix Equation 11; bAppendix Equation 10; cAppendix Equation 6; dAppendix Equation 9; eAppendix Equation 14; fAppendix 
Equation 15. 
Abbreviations: HIV, human immunodeficiency syndrome; ART, antiretroviral; NPV, net present value; BCR, benefit–cost ratio; m, millions.

Figure 3 Tornado diagram of the most influential parameters (±25%): results for the net present value without the longevity effects (1987–2023). 
Abbreviations: AIDS, acquired immunodeficiency syndrome; ART, antiretroviral therapy; HIV, human immunodeficiency syndrome; NPV, net present value; GP, general 
population; PLHIV, people with human immunodeficiency syndrome; GDP, Gross domestic product.
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cases, life expectancy of those with AIDS, effects of HIV on employment, the tax wedge, and the proportion of 
healthcare costs financed by the government. Uncertainty in transmission rates and life expectancy of PLHIV or AIDS 
mostly impacts the estimated healthcare cost savings, while uncertainty in the effect of HIV on employment and in tax 
rates only impacts the averted tax revenue loss. The proportion of healthcare costs financed by the government has an 
opposite effect on the investment in ART and on the estimated healthcare cost-savings.

Scenario analysis on introducing a proportion of non-virally suppressed PLHIV on ART is presented in Table 3. If 
20% of ART users would not achieve viral suppression, benefits from ART would be reduced mainly due to lower 
healthcare cost-savings, but the return on investing on ART would still be estimated at a fourfold gain for the US 
government. Furthermore, the scenario excluding the impact of deaths from model estimates would still return a NPV of 
US$1.4 trillion. Additionally, Table 4 shows the benefit–cost ratio for different ART innovation eras,63 suggesting an 
increased return on investing on ART in the latest periods.

Sensitivity analysis on the Medicare perspective results was consistently favorable and was most sensitive to the 
distribution of ART users by age-group (below and above the age of 65 years old) and to the variation in non-HIV costs 
in those covered by Medicare when compared to the average PLHIV (Table A.2).

Discussion
The introduction of ART for the management of HIV over thirty years ago helped to transform the lives of PLHIV and 
prevent onward transmission of HIV.64 We estimated the broader fiscal costs and benefits attributed to maintaining viral 
suppression, preventing onward HIV transmission and reducing HIV-related deaths by comparing observed data about 
the epidemic to a counterfactual scenario in which ART was not available. We applied publicly available data on HIV 
cases and reported HIV-related deaths over the time period observed and converted outcome improvements into fiscal 
consequences for the public sector in the US between 1987 and 2023. Since the introduction of ART, we estimate the 
investment’s net value at US$ 2.1trillion (NPV) to the US government. This value indicates that for every US$1. spent on 
ART, US$4.3 have been achieved in fiscal gains for federal and state governments.

When accounting for the improvements in mortality arising from ART use, increasing social security obligations, we 
have observed a modestly lowered benefit–cost ratio to US$4.0 for each US$1 spent on ART, illustrating the investment’s 
sustainability on public finances. Even when only PLHIV covered by Medicare were considered, the healthcare benefit– 
cost ratio was deemed positive. Furthermore, if the proportion of ART users above the age of 65 were 20% higher, the 
healthcare benefit–cost ratio would continue to be favorable (Table A.2).

Our analysis focused purely on the public economic sector. The broader societal economic consequences of ART 
therapy might be much greater when considering the interactions across economic domains and the effects of multipliers 
which amplify the gains from public spending. In addition, our base case model’s epidemiological outputs did not 
distinguish where the costs and benefits were realized (Medicare, Medicaid, private insurance or patient out-of-pocket 
expenses). In reality, all paying parties have paid for and can benefit from the introduction of ART use.

There is typically a lag between the costs and benefits associated with an innovative treatment (Figure 2). The fiscal gains 
in the early stages of the epidemic were evident after 1997, following the introduction of drugs with increased efficacy – 
protease inhibitors and non-nucleoside reverse transcriptase inhibitors (Figure 2). This lag reflects the slow uptake of products 
early in the epidemic due to a range of challenges, including less efficacious early treatments.65 This lag is less likely to be 
apparent as new improved treatments are introduced, because of increased public awareness, health system response to the 
ongoing epidemic and attributes of newer therapies. Although it is not possible and not the goal of this analysis to directly link 

Table 4 Benefit Cost Ratio (BCR) in Relation to Different Time Periods Invested in 
Antiretroviral Therapy

1987–1996 1997–2006 2007–2016 2017–2023

BCR without longevity effects 1.2 2.4 5.1 7.6

BCR with longevity effects 1.1 2.1 4.8 7.2

Abbreviation: BCR, benefit–cost ratio.

https://doi.org/10.2147/CEOR.S520050                                                                                                                                                                                                                                                                                                                                                                                                                                   ClinicoEconomics and Outcomes Research 2025:17 414

Paquete et al                                                                                                                                                                        

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com/article/supplementary_file/520050/appendix.docx
https://www.dovepress.com/article/supplementary_file/520050/appendix.docx


the fiscal gains with specific products, we attempted to delineate the gains by ART innovation eras63 as reported in Table 3. The 
model indicated that there may be compounding effects of the continued investments in ART over time, because people with 
viral suppression will have sustained increases in their economic contributions.

Technological innovation is often cited as a driver of economic growth and improving well-being.66 There are few better 
examples of this than innovations achieved through advances in medicine, which act on multiple phases of health impacts – 
preventing disease and premature death, improving patient outcomes, and increasing overall population health and life 
expectancy.67 Importantly, the benefits of advances in medical innovation do not materialize immediately. As population 
health improves, more human and health capital can be directed towards productive output, which drives economic growth. It 
is also important to recognize that not all innovations will translate directly to economic gains. For example, medications that 
offer primarily convenience benefits and tailored treatment regimens are likely to have more modest or no economic benefits.

Advances in therapy are often developed through incremental innovations. As new products are developed, subsequent 
products can address unmet needs from the original innovator through mechanisms like reducing pill burden, extending 
half-life, reducing side effects such as drug–drug interactions and improving health outcomes. The introduction of ART is 
a good example of incremental innovation. Since the introduction of ARTs in 1987, steady progress has been made building 
on previous innovations, each likely resulting in economic gains.68 Furthermore, microeconomic analyses like the results 
described here underestimate the effects of therapies, because they do not capture the interactions between economic 
domains. Economic domains create economic multipliers, from which all benefit.67 In this respect, innovations in one area 
of medicine do not only benefit those exposed to the condition or the risks of the condition but also benefit all members of 
society. A wide range of economic interdependencies exists, and all members of society depend on and benefit from them.69

The underlying premise of this work links health outcomes of PLHIV with attributable impacts on the labor market, 
and consequently on fiscal outcomes to the government. Several European studies have shown the negative impact of 
HIV infections on employment outcomes before ART therapies were available; these impacts were driven by lower 
probabilities of returning to work after diagnosis in that era.30,70–73 In contrast, recent studies have shown increasing 
likelihoods of PLHIV returning to work related to the availability of ART and increasing ART coverage.7,30,74,75 If 
PLHIV are unable to work, they may receive social transfers from the government, such as unemployment insurance or 
disability benefits. The need for social transfers increases the government’s expenditures. These direct costs are 
compounded by the lower employment rates and lower disposable income of PLHIV, who are not working. This, in 
turn, represents a loss of tax revenue to the government. Innovation and investment in reducing infections and promoting 
better health outcomes benefits the public sector by preventing disease management costs, avoiding a loss of tax revenue, 
and reduces the need for social transfers.76 Through these mechanisms, the reduced incidence of HIV and the increased 
life expectancy of PLHIV provided cumulative benefits for the government.

Our work has important limitations. A potential limitation of the current study is the lack of detailed historical epidemiologic 
data for subgroup analysis and the lack of data on public healthcare costs. Published data on HIV prevalence and costs are based 
on estimations using different sources and methods. Furthermore, projections used in the current study were based on time series 
analysis12 sourced from a period when epidemic registries were not comprehensive in terms of including people with HIV 
infection but not AIDS. Missing historical data on public healthcare costs required a few assumptions, both in estimating annual 
healthcare costs of PLHIV, PLAIDS and the general population, and in determining the proportion of costs financed by the public 
sector. The proportion of healthcare costs financed by the public sector, assumed to remain constant throughout the study period, 
was found impactful in overall results (Figure 3). Even though this assumption reduces the statistical power of the results, it was 
deemed reasonable, because the proportion of healthcare costs funded by the public sector would affect both the investment in 
ART and savings in healthcare management costs, without changing the main results and conclusions of the study.

In the base case scenario, the model assumes that PLHIV on ART are virally suppressed. This assumption excludes 
any variation due to compliance, regimens, regimen forms or even regional disparities. Still, official statistics and the 
literature suggest that more than 80% of PLHIV on ART are virally suppressed.62,77 Scenario analysis on this parameter 
showed that sensitivity to reducing the proportion of virally suppressed does not impact findings of the study.

Given the aim of the current work, we have opted for modelling transmission dynamics mainly on the impact of ART 
therapy, excluding other HIV-related parameters that could have an important effectiveness impact. As an example, 
related infections and malignancies were not modelled. Also, the impact of PrEP was not included. The lack of data to 
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rigorously introduce the number needed to treat (NNT) to prevent a new infection using PrEP, and the impact of HIV- 
related infections or malignancies would add confounding factors and uncertainty to the work. Overall, one-way 
sensitivity analysis showed that results are robust by consistently showing positive returns.

Conclusion
The pharmaceutical industry response to the HIV epidemic and the incremental innovation of ART therapy since 
1987 has significantly improved health outcomes for PLHIV and generated positive fiscal returns for the US public 
sector. The fiscal return on ART investment was estimated at US$4.3 for every US$1 spent, with a net present value of 
US$2.11 trillion from 1987 to 2023. From a Medicare perspective, ART yielded favorable returns derived from medical 
cost-savings. Although these results are specific to HIV and ART, other investments in healthcare with a positive impact 
on labor participation are likely to have similar positive fiscal effects. Assessing fiscal outcomes is crucial for decision 
makers aiming to achieve budget neutrality and ensure the sustainability of publicly funded healthcare.
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