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An Elaboration on Materials and Methods
Treatment Cohort Size: Survival with and without ART
The treatment cohort contains patients in national ART programs in 98 countries that are co-financed by Global Fund (Table S1).
Treatment cohort survival of adult HIV/AIDS patients with and without ART was modeled using established HIV/AIDS epidemiological methods and assumptions [1,2]. For a cohort of HIV-infected patients starting ART in a given year, the number of patients surviving in each future year is determined from the number of patients in the previous year and the survival to the following year. Survival in the first year is assumed on treatment of 79.5 percent and in subsequent years of 95.8 percent, for all countries based on retention rates reported to WHO by  national AIDS programs in high-burden countries in 2008 [3,4]. Survival estimates incorporated an assumption that patients would initiate and receive treatment according to WHO-recommended treatment eligibility criteria [5]. Average survival on ART was 12 years.
Patients with disease sufficiently progressed to meet treatment eligibility criteria face poor survival rates if they cannot access ART. The model we used leveraged data regarding the natural history of disease progression and survival of untreated patients to estimate a survival function for patients (hypothetically) withdrawn from treatment [6,7,8]. We modeled this (hypothetical) counterfactual situation in order to compute incremental life-years attributable to ART and corresponding productivity and orphanhood outcomes. The number of people that would still be alive over subsequent calendar years was calculated and compared to numbers still alive and on ART, to estimate numbers of deaths averted and life-years saved in each calendar year, as can be seen in Figure 1 (in the main text).
In the counterfactual scenario that these patients in need would not continue to receive ART, we calculated mortality based on survival data for people meeting criteria for ART, but who were never on treatment. Based on the time from infection to AIDS deaths as analyzed by the ALPHA network, a collaboration of cohort studies in Africa [1,2], the cumulative proportion of a cohort currently on ART that would die if ART were stopped would be 18 percent after one year, 46 percent after two years, 64 percent after three years, 76 percent after four years, 84 percent after five years, and 97 percent after 6 years – with median survival being three years. Using these cumulative mortality rates in a Weibull survival curve [1], we calculated the number of people that would still be alive over subsequent calendar years with and without ART, to estimate numbers of deaths averted and life-years saved in each calendar year. Although most patients on treatment in 2011 started treatment in earlier years and thus may have improved immune systems, we assumed that if treatment were stopped abruptly they would have survival patterns similar to those who became eligible for treatment but never received it, so survive for a median slightly more than two years after the cessation of treatment [2].
Orphan-years averted
Orphan-years averted by ART were computed per adult life-year gained on ART, using the Spectrum AIDS Impact Model [9]. For each of the 14 countries that include the 10 countries with the most Global Fund-supported patients on ART and the 10 countries with the most Global Fund-supported services for orphans and vulnerable children (OVC), the model was run to determine numbers of orphans averted by the ART program. These countries represent 69 percent of ART patients and 94 percent of all Global Fund-supported OVC services. Orphans were defined as children losing one or both parents. The number of children orphaned each year was used to compute corresponding number of orphan-years, counting each orphan for the years remaining until the age of 18, accounting for age-specific mortality.
The difference in the number of orphan-years with and without ART was divided by the patient-years of ART to estimate an average number of orphan-years averted per patient-year of ART. Across the 14 modeled countries, between 0.32 and 0.76 orphan-years (average 0.5) are averted each year that a patient survives on ART. The number varies across countries because of country variations in fertility rates, infant mortality and the age distribution of HIV-positive adults. For other Global Fund-supported countries, we extrapolated the findings from the 14 modeled countries by linear interpolation based on country-specific fertility rate. The relationship between national average total fertility rate and number of patient-years on ART required to avert one orphan-year is shown in Figure S1.
Estimation of Treatment Program Cost
For ART, a year of first-line treatment for an adult is estimated to cost $487, of which ARV drugs make up the largest cost component ($204). Second-line ART was estimated to cost an average of $1,521 per adult patient-year (of which ARV drugs make up $1,238). These costs represent overall recurrent program-level service delivery costs, to which the Global Fund contributes alongside other partners and domestic resources. Drug costs are based on procurement prices reported by Global Fund-supported countries, whereas the costs of treatment delivery were estimated based on data from comprehensive costing studies available from selected countries [2]. Proportions of patients on first-line and second-line regimens were estimated using treatment use data reported by national AIDS programs to WHO in 2008 [3,4]. We conducted sensitivity analysis on the cost of ARVs and treatment service delivery. Specifically we considered a scenario in which first-line regimen prices decline 5 percent per year through 2020, and second-line prices fall by 15 percent per year through 2015 (Table S3). In a separate analysis, we considered the impact of increased rates of transition to second-line therapies as a result of viral load testing to detect virologic failure (Table S4). Table S5 shows the results of a sensitivity analysis in which the retention in treatment is lower than in the base case. The benefit-cost ratio is reduced only modestly because the patients dropping out experience less benefit, but also lower program costs.
Measuring and Valuing Productivity Gains from ART
Human capital versus friction approach
Like most studies of the impact of disease on productivity, we used the human capital approach to valuing productivity, in which the value of work is the expected earnings from work [10]. In this method, when a worker stops working because of illness or illness-related premature death, there is a productivity loss equal to the expected earnings for that worker in the event that they had not gotten ill.
Untreated HIV/AIDS patients with symptomatic disease (i.e. that meet eligibility criteria for treatment) are more likely to leave the workforce, reduce their hours at work, and reduce their output per hour worked. It is clear that these reductions are a productivity loss from the perspective of individual patients and their families, but in certain cases the impact on society may be less severe. When unemployment levels are very high, there is a ready pool of workers available to replace those who fall sick and die. While the family of the replaced worker may be worse off, the family of the replacement worker will be better off, so at the societal level the productivity loss may be less than measured by the human capital approach. Indeed, some macroeconomic models developed in the pre-ART era have predicted that the AIDS-related mortality may have the effect of increasing per capita income of some countries because nearly the same amount of work is being done, but, because of AIDS deaths, there are fewer people (i.e. the numerator for per capita income is unchanged, but the denominator is smaller) [11].
The friction cost approach [12] has been proposed and applied in several studies as an alternative method to the human capital approach to measuring productivity. The distinguishing feature of this approach is the assumption that in settings with sufficient pool of unemployed workers, someone currently unemployed will replace a worker who is stricken with disease. There is a ’friction period’, spanning the transition from one worker to another, during which there is lost productivity and costs related to recruiting and training new workers, but these ‘friction costs’ are usually much lower than the lost productivity of the sick worker that would have been estimated with the human capital approach. The friction cost method has some intuitive appeal for settings with large pools of unemployed unskilled wage workers. But the method has generated criticism for theoretical shortcomings (e.g. [13]). Moreover, the friction cost approach is not applicable in the case of full employment economies or subsistence farming where there is no replacement for the workers lost [14].
We explored the possibility of applying the friction cost approach to the unskilled wage labor portion of economies in countries with high levels of unemployment, but did not pursue it in depth due to limitations in data regarding the distribution of HIV-infected workers across sectors of the economy, skill level of HIV-infected workers, and country-and sector-level recruitment and training costs. However, to provide some insight into how this alternative approach might impact the results, we considered the case in which a portion of workers is replaced by those who are unemployed.
Productivity in treated and untreated HIV/AIDS patients
We estimated productivity loss in AIDS patients and productivity among those receiving ART based on a review of published studies described in Table S2. By the time HIV-infected workers are diagnosed and become eligible for ART, they have often missed days of work due to AIDS-related illness, which worsens dramatically if left untreated, leading to increased sick leave or departure from the labor force, as well as death, typically within two years of being diagnosed with AIDS [15,16,17]. In contrast, ART restores physical function and extends life expectancy [18,19], thereby maintaining worker productivity and keeping families intact [20,21,22,23]. Longitudinal studies among agricultural workers in Kenya [23,24,25] and miners in Botswana [20] show a consistent V-shaped pattern for labor force participation and productivity over the course of HIV infection, declining sharply as symptoms worsen in the months before ART initiation and rebounding to near-normal within a few months after ART initiation. Studies from India [26], Cambodia [27], Chile[28], Ivory Coast [29], and South Africa[30,31] also consistently show that ART can restore or nearly restore labor productivity within months, and sustain this effect through at least the first one to three years after ART initiation. While no studies have followed patients for the length of time modeled in our benefits analysis (11 years), longitudinal studies have not observed any fall-off in productivity restored by ART within the first three years after treatment initiation [25].
Calculation of productivity gains at country-level: human capital approach
For each country, the productivity gain due to ART (PGART ) in each year y of the time horizon was computed by estimating the productivity of the ART patients and subtracting the productivity that would have been realized in that year had there been no treatment available. Productivity is the product of additional work time (i.e. incremental full-time equivalents of labor) and country-specific gross national income per working age person. In using GNI per working age person, our estimates account for labor force participation and unemployment. These parameters were obtained from the publicly available World Development Indicators compiled by the World Bank [32]. Data from the most recent year available was used. In most cases, this was year 2008. When a value was missing for a specific country, we imputed the value by estimating the population-weighted average among all countries in the same WHO region for which data were available.
Additional work time was calculated by dividing the patient population into a high-productivity group consisting of those patients responding to ART and a low-productivity group consisting of untreated patients and ART patients in their last year of life (and therefore assumed to have failed treatment) and those in the first 6 months following ART initiation (who have not yet experienced a restoration of functional status). The productivity levels of these two groups relative to country average, Lhi and Llo, respectively, were assumed based on a review, outlined in Table S1, of studies regarding the productivity of treated and untreated HIV patients. In our base case, Lhi was 0.75 and Llo was 0.2.
Productivity Gain Due to ART (PGART):
PGART  = a × b × (PPART - PPNoART) × GNI per capita / %WA
where
PPART is the potential productivity of patients on ART
PPART  = ( [Patients Alive in Year y]ART – [Patients Dying in Year y+1]ART – (c × [Patients Initiating ART in Year y]ART)) ×[Lhi] + ( [Patients Dying in Year y+1]ART  + (c × [Patients Initiating ART in Year y]ART)) ×[Llo]
PPNoART is the (counterfactual) potential productivity of patients without ART
PPNoART = ( [Patients Alive in Year y]NoART ) × [Llo]
a is the relative productivity of the HIV-infected population, prior to experiencing HIV-related symptoms. In the base case, this is assumed to be 1. In the sensitivity analysis, we present results for the case where a = 0.5.
b is the fraction of ART patients that are of working age. This is assumed to be 0.9.
c is the number of years after ART initiation before productivity is restored. This is assumed to be 0.5 years.
Lhi is the potential productivity level (relative to country-average) for ART patients responding to treatment; between 0 and 1. In the base case, this is assumed to be 0.75. In the sensitivity analysis, 0.6 and 0.9 are used as upper and lower bounds.
Llo is the potential productivity level (relative to country-average) for untreated patients who are treatment-eligible and ART patients in whom treatment has failed; between 0 and 1. In the base case, this is assumed to be 0.2. In the sensitivity analysis, 0.4 is used as an upper bound.
%WA is the country-specific fraction of the population that is of working age, derived from the dependency ratio [32].
GNI per capita is country-specific per capita gross national income (Atlas method) in 2008 US dollars divided by total population [32].
Calculation of productivity gains at country-level: friction cost approximation approach
For this sensitivity analysis we assumed that two-thirds of workers who die from AIDS can be replaced for a cost equal to six months wages. For the other one-third of workers, we assumed that due to the scarcity of their skills, the loss was equal to five years. On average, the productivity losses were therefore two years per person dying from AIDS. For simplicity, the losses were assumed to accrue to the year in which the person died. Results are shown in Table S6. Productivity gains are reduced from the base case by 75 percent. As a result, the net benefits are negative. However, the total benefits from all three sources still offset over 70 percent of the costs of the ART program.
Cost of Orphan Care
The social and economic effects on children orphaned by AIDS deaths of parents include poorer nutrition, poorer education, increased vulnerability to child labor and disease, and lower future earnings once grown-up [33,34]. Instead of quantifying all these effects throughout the lifespan of orphans, we focused on the direct costs of providing orphan care and support through social mitigation programs. Orphan support was estimated to cost a mean $224 per child-year, based on cost data collected from 300 orphan care service providers at 7400 sites in 22 African countries [9]. This estimate included a downward adjustment from observed costs for economies of scale expected during ongoing program scale-up. As in [9], we assumed that only orphans in families below the country’s poverty line would require support services. In wealthier families, the care of orphans would likely be absorbed without assistance of social programs.
These orphan care costs would be saved by donors and governments if ART programs prevent children from becoming orphans. Where orphan care programs have not been scaled-up, the impact of ART may not directly translate into savings in the budgets of orphan care programs. Nevertheless, the benefits we calculate can be considered to represent a lower bound of the economic value of reducing orphanhood, because the economic cost of un-mitigated negative outcomes for orphans (i.e. negative impacts not reversed by social programs) is probably larger than the cost of mitigation programs.
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