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Article https://doi.org/10.1038/s41467-024-44975-z

Income determines the impact of cash
transfers on HIV/AIDS: cohort study of 22.7
million Brazilians

Andréa F. Silva 1,2, Inês Dourado1, Iracema Lua1,2, Gabriela S. Jesus1,3,
Nathalia S. Guimarães1, Gabriel A. S. Morais 1, Rodrigo V. R. Anderle1,
Julia M. Pescarini2, Daiane B. Machado2,4, Carlos A. S. T. Santos2,
Maria Y. Ichihara2, Mauricio L. Barreto1,2, Laio Magno 1,5, Luis E. Souza1,
James Macinko 6 & Davide Rasella 1,2,7

Living with extremely low-income is an important risk factor for HIV/AIDS and
can be mitigated by conditional cash transfers. Using a cohort of 22.7 million
low-income individuals during 9 years, we evaluated the effects of the world’s
largest conditional cash transfer, the Programa Bolsa Família, on HIV/AIDS-
related outcomes. Exposure to Programa Bolsa Família was associated with
reduced AIDS incidence by 41% (RR:0.59; 95%CI:0.57-0.61), mortality by 39%
(RR:0.61; 95%CI:0.57-0.64), and case fatality rates by 25% (RR:0.75; 95%CI:0.66-
0.85) in the cohort, and Programa Bolsa Família effects were considerably
stronger among individuals of extremely low-income [reduction of 55% for
incidence (RR:0.45, 95% CI:0.42-0.47), 54% mortality (RR:0.46, 95% CI:0.42-
0.49), and 37% case-fatality (RR:0.63, 95% CI:0.51 −0.76)], decreasing gradually
until having no effect in individuals with higher incomes. Similar effects were
observedonHIVnotification.ProgramaBolsa Família impactwas also stronger
among women and adolescents. Several sensitivity and triangulation analyses
demonstrated the robustness of the results. Conditional cash transfers can
significantly reduce AIDS morbidity and mortality in extremely vulnerable
populations and should be considered an essential intervention to achieve
AIDS-related sustainable development goals by 2030.

Living with extremely low-income is a well-recognized risk factor for a
wide range of diseases and health conditions, including HIV/AIDS1,2,
which is responsible for a pandemic that caused more than 34 million
deaths worldwide3. There is a growing consensus that HIV/AIDS con-
trol interventions should be focused not only on healthcare, but also
on Social Determinants of Health (SDH), which have the potential to

reduce both morbidity and mortality related to HIV/AIDS1,2,4. Several
studies have indicated that living with low-income can contribute to
the occurrence of new cases of HIV/AIDS, although wealth may also
play a role in driving HIV transmission among certain populations5.
Individuals with socioeconomic vulnerabilities are at a higher risk not
only of acquiring HIV but also of encountering obstacles in accessing
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appropriate, timely, and continuous care and treatment. To effectively
reduce the morbidity and mortality associated with AIDS, interven-
tions need to address not only healthcare but also the SDH6.Moreover,
HIV/AIDS reinforces the cycle of low-income perpetuation due to its
frequent association with stigma, which can further exacerbate
extremely low-income among populations already living in socially
vulnerable circumstances7.

Conditional cash transfer (CCT) programs are among the most
effective and widespread interventions acting on SDH and indivi-
duals living with low and extremely low-income, and they have been
implemented in almost all low- and middle-income countries
(LMICs) to improve the well-being of families living in precarious
conditions8. CCT programs transfer cash to low-income households
with the requirement that parents comply with specific conditions
(or conditionalities), usually focused on health and education for
their children. CCT programs have demonstrated positive effects
on the use of preventive services, the promotion of healthy beha-
vior, and the improvement of a wide range of health outcomes8.
However, available research findings are still inconclusive for HIV/
AIDS:4 while some studies have shown the effects of CCTs reducing
the incidence and prevalence of HIV9–13, as well as mitigating
mother-to-child HIV transmission14, many others have found no
significant impacts15.

In the last two decades, Brazil has implemented one of the
world’s largest and more extensively evaluated CCTs, the Programa
Bolsa Família (PBF)16. The objective of the PBF was to alleviate pov-
erty by providing cash transfers along with educational and health-
related conditions. Implemented in 2004, the program achieved
nationwide coverage, with enrollment of 14.2 million families by
2018. It involved direct cash transfers from the government to low-
income households, defined as families earning between US$18-36
per person per month in 2018 (at an exchange rate of 5 Brazilian real
to 1 US dollar). The amount of themonthly cash benefits ranged from
$17 to a maximum of $41, depending on household size and com-
position, with funds being deposited onto a beneficiary debit card.
To continue receiving the benefits, beneficiaries were required to
meet certain conditions related to healthcare and education for their
children. For instance, pregnant women were expected to attend
antenatal and postnatal consultations, while children were required
to receive regular nutrition monitoring and vaccinations. School-
aged children had to attend school. Although the program primarily
focused on families with children, adult individuals living in low-
income or extremely low-income without children could also qualify
for and receive the benefits16. The large-scale and rapid increase of
PBF coverage has been associated with strong nationwide reductions
in poverty and social inequalities, and the improvement of several
health outcomes and conditions11–13.

The success of the Brazilian response to HIV/AIDS is recognized
worldwide, especially for its universalization of antiretroviral therapy
(ART) in the 1990s and the current distribution of free pre-exposure
prophylaxis17. However, the incidence of AIDS remains relatively high
and unequally distributed in society18, with the current national rate
standing at 16.5 cases per 100,000 inhabitants in 202119.

To assess eligibility for social welfare programs (including PBF),
Brazil has developed a large longitudinal administrative dataset cor-
responding to the lower-incomehalf of its population that, linked to all
nationwide AIDS-related records, has provided a unique opportunity
to study the effects of CCTs on AIDS outcomes in the most vulnerable
individuals – who are not usually included in epidemiological studies
or randomized controlled trials.

Therefore, the aim of our study was to comprehensively evaluate
the impact of CCTs on sequential AIDS outcomes – namely incidence,
mortality, and case-fatality rate – using a cohort of 22.7 million Brazi-
lians between 2007 and 2015.

Results
The 100Million Brazilian Cohort, the linkages, and the selection
process
The selection process to achieveourfinal cohort, whichwas composed
of 22,788,998 individuals between 2007 and 2015 (the period for
which HIV/AIDS data were available) is described in Fig. 1 and detailed
in the appendix p.3. Among the 22,788,998 individuals of the cohort,
57,99% (13,214,290) were female and 42,01% (9,574,707) male. The
population under study was achieved by selecting all individuals aged
13 and older from the 100 Million Brazilian Cohort20, a consolidated
cohort created through the linkage between the Federal Government
Unified Registry for Social Programs (Cadastro Único) – that gathers
data from the lower-income half of the Brazilian population, identify-
ing and characterizing low-income families for social programs elig-
ibility - and health-related datasets from the Brazilian Ministry of
Health’s (appendix, p.3)20,21. Two individual-level health-related data-
sets were linked to the Unified Registry for Social Programs: the
Notifiable Diseases Information System (SINAN) and the Mortality
Information System (SIM)22. SINAN is a decentralized information
system that monitors the incidence of notifiable diseases, including
HIV/AIDS22. SIM is a national death surveillance system that registers
deaths by all causes, including HIV/AIDS, according to CID-10 classifi-
cation. The quality of each link between Unified Registry, SINAN e SIM
has been extensively evaluated and validated20,23. An aggregated
dataset - containing municipal-level information on AIDS endemicity
levels, municipal infrastructures, and healthcare resources - was also
deterministically linked to theUnifiedRegistry through the individuals‘
municipal code of residence and baseline year.

During the cohort follow-up, 22,212 newAIDS caseswere detected
(Table 1): 9201 cases occurred amongPBF recipients, and 13,011 among
non-recipients. There were 7650 deaths from AIDS: 42.2% occurred in
PBF beneficiary individuals, and 57.8% innon-beneficiaries. Among PBF
non-beneficiary individuals, the AIDS incidence rate over the study
period was higher (29.7/100,000 person-years) than among bene-
ficiaries (24.9/100,000 person-years). Comparable results were found
for AIDS mortality (10.1/100,000 person-years for non-beneficiary
individuals and 8.7/100,000 person-years for beneficiary individuals)
and case-fatality (9.3/100 person-years for non-beneficiary individuals
and 6.9/100person-years for beneficiary individuals) rates, whichwere
higher among non-beneficiaries.

The number of AIDS cases and AIDS incidence in the study cohort
(22,212) is compatible with the AIDS incidence rates in Brazil (the small
difference can be explained by the age and socioeconomic composi-
tion of the cohort), as shown in Table 1. The appendix contains addi-
tional analysis (Table S31, p. 46) that demonstrates the behavior of
covariates between the beneficiaries and non-beneficiaries groups
after applying IPTW weighting.

The IPTW multivariable regression analyses
The adjusted Rate Ratios (RR) for the associations in the total popu-
lation under study, estimated using multivariable Poisson regressions
and weighted by the Inverse Probability of Treatment Weight (IPTW),
are presented in Table 2 (for details on the adjusted models, see the
methods section). Themultivariable logistic regressionmodels used to
predict the propensity scores and, consequently, the IPTW, including
the odds ratios (OR) for each set of confounding variables, and each
outcome, are shown in Table S10 in the appendix. As presented in
Table 2, the receipt of PBF benefitswas associatedwith a 41% reduction
in the AIDS incidence rate (RR:0.59; 95%CI:0.57–0.61), in comparison
with non-beneficiaries. Receiving PBF was also associated with a 39%
reduction (RR:0.61; 95%CI:0.57–0.64) in the AIDS mortality rate and a
25% reduction (RR:0.75; 95%CI: 0.66–0.85) in the case-fatality rate.
Lastly, the socioeconomic and demographic covariates showed an
overall, protective effect of being female, white, having higher
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education, and having higher wealth. On the other hand, a greater risk
was found among individuals who lived in urban areas, in houses with
precarious materials and infrastructure (water supply and electric
power), black, adults, and never attended school.

The PBF effect according to wealth levels, sex, and age
In the stratified analyses (Table 3), the associations between the receipt
of PBF benefits and all AIDS indicators were considerably stronger
among the extremely low-income individuals (in the 1st quartile of the
distribution of the wealth variable), with statistically significant
reductions of 55% inAIDS incidence (RR:0.45; 95%CI: 0.42-0.47), 54% in
AIDS mortality (RR:0.46; 95%CI: 0.42-0.49), and 37% in AIDS case-
fatality (RR:0.63; 95%CI: 0.51-0.76) rates. These reductions showed a
consistent gradient over the levels of wealth, that is, PBF effects were

progressively lower as far as the individuals have higher levels of
income: for quartiles 2 (37% in AIDS incidence, 35% in AIDS mortality,
and 23% in AIDS case-fatality rates) and 3 (16% in AIDS incidence, 16% in
AIDS mortality, and no effect on AIDS case-fatality rates). In the 4th
quartile, representing the individuals with the highest income of the
study cohort (defined empirically as individuals with capita expenses -
proportional to the baseline minimum wage (MW) – above 56.5%) and
a negative control for our analyses24, PBF had no statistically significant
effects. Receiving PBF benefits was also more strongly associated with
a reduction in AIDSmorbidity andmortality in women (of 40% in AIDS
incidence, 42% in AIDS mortality, and 35% in AIDS case-fatality rates)
and adolescents (of 52% in AIDS incidence, 54% in AIDS mortality).

The complete models with all covariates shown in Table 3 can be
found in the appendix, pp.44–54.

Individuals in the 100 Million Brazilian Cohort baseline 
(2001-2015) (n=114,028,659)

Excluded (n=20,354) - Duplicate cleaning

Individuals in the cohort (2001-2015) (n=114,008,305)

Excluded (n=60,998,196)
Individuals who entered the cohort between 2001 and 2006

Individuals in the cohort (2007-2015) 
(n= 53,010,109)

Excluded (n= 24,691,578: 28,627 AIDS cases and 3,337 AIDS-related deaths)
24,606,051 individuals under the age of 13 (763 AIDS cases and 276 AIDS-related deaths)
50,013 individuals with a date of death before their date of entry into the cohort (799 AIDS cases and 748
AIDS-related deaths)
35,119 individuals with AIDS cases, with a diagnosis date before their date of entry into the cohort
(26,876 AIDS cases and 2,282 AIDS-related deaths)
395 individuals with AIDS due to probable vertical transmission (189 AIDS cases and 31 AIDS-related
deaths)

Obs.: individuals with AIDS were considered non-AIDS cases since the date of diagnosis only
occurred after the cohort had ended, 2015 (3,142 AIDS cases and 35 AIDS-related deaths)

Individuals in the cohort (2007-2015) 
(n= 28,318,531) (27,919 AIDS cases and 9,530 AIDS-

related deaths)

Excluded (n= 5,529,533: 5,707 AIDS cases and 1,880 AIDS-related deaths)
Cuts with Programa Bolsa Família (PBF) variables

2,778,206 individuals with a start date for BF receipt before 2007 (3,009 AIDS cases and 936 AIDS-
related deaths)
2,587,932 individuals with a start date for BF receipt before their date of entry into the cohort (2,552 AIDS
cases and 885 AIDS-related deaths)
163,395 individuals with 30 days or less of receiving BF in the cohort (146 AIDS cases and 59 AIDS-
related deaths)

Individuals in the cohort (2007-2015) 
(n= 22,788,998) (22,212 AIDS cases and 7,650 AIDS-

related deaths)

AIDS Incidence
Individuals in the cohort (2007-2015) 
(n= 22,788,998) (22,212 AIDS cases)

AIDS Mortality
Individuals in the cohort (2007-2015) 

(n= 22,788,998) (7,650 AIDS-related deaths)

N-PBF
(n=15,578,177)

(13,011 AIDS cases) 

PBF (n=7,210,821)
(9,201 AIDS cases) 

N- PBF
(n=15,578,177)

(4,418 AIDS-related
deaths) 

PBF (n=7,210,821)
(3,232 AIDS-related

deaths) 

Excluded (n= 22,774,650: 7,864 AIDS cases and 4,611 AIDS-related deaths)
To the case-fatality base

4,919 individuals with the end date of the cohort before their date of diagnosis (4,919 AIDS cases and
1,666 AIDS-related deaths)
22,769,731 individuals with no new AIDS cases on SINAN and SIM (2,945 AIDS cases and 2,945 AIDS-
related deaths)

AIDS Case-Fatality
Individuals in the cohort (2007-2015) 

(n= 14,348) (3,008 AIDS-related deaths)

PBF (n= 7,673)
(1,629 AIDS-related

deaths) 

N-PBF (n=6,746)
(1,379 AIDS-related

deaths) 

Fig. 1 | Flowchart of the construction of the study cohort (Brazil, 2007–2015).
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Table 1 | Descriptive analyses of Programa Bolsa Família (PBF) beneficiaries (BF) and non-beneficiaries (N-BF) (n = 22,788,998),
2007-2015

AIDS indicators N-BF (n = 15,578,177) BF (n = 7,210,821) Cohort Rates Brazil Rates

Rates No. Rates No.

Incidence Rate 29.68 13,011 24.88 9,201 27.4 20.2

Mortality Rate 10.08 4,418 8.73 3,232 9.4 6.2

Case-Fatality Rate 9.33 1,379 6.96 1,629 - -

Social and Demographic Variables N-BF (n = 15,578,177) BF (n = 7,210,821) P valuea SMDb

No. or Mean (%) or CI No. or Mean (%) or CI

Sex Female 8,707,472 55.9 4,506,818 62.5 <0.001 0.1347

Male 6,870,704 44.1 2,704,003 37.5

Age Adolescents and youngpeoplec 3,726,930 23.9 2,365,801 32.8 <0.001 0.4719

Adultsd 9,876,398 63.4 4,746,382 65.8

Older peoplee 1,974,296 12.7 98,355 1.4

Race/ethnicity White 5,647,286 38.3 2,139,779 30.9 <0.001 0.1983

Mixed-race 8,020,979 54.4 4,083,887 58.9

Black 1,058,718 7.2 617,395 8.9

Indigenous 30,641 0.2 89,731 1.3

Education More than high school 468,239 3.2 65,484 1.0 <0.001 0.2227

High school 4,299,384 29.7 1,854,519 28.0

Elementary school 7,965,328 55.0 4,141,411 62.6

Attended pre-school 163,856 1.1 51,134 0.8

Never attended school 1,597,706 11.0 499,37 7.6

Wealthf Level 1 (More wealth) 1,778,143 11.4 128,143 1.8 <0.001 0.6983

Level 2 3,985,174 25.6 653,054 9.1

Level 3 2,624,084 16.8 1,127,457 15.6

Level 4 4,104,278 26.4 3,377,443 46.8

Level 5 (Lower wealth) 3,081,951 19.8 1,923,399 26.7

Water supply Public network 12,030,056 79.6 5,247,999 74.8 <0.001 0.1136

Otherg 3,081,860 20.4 1,763,448 25.2

Housing materials (brick) Yes 12,716,001 84.1 5,732,902 81.8 <0.001 0.0634

Noh 2,395,729 15.9 1,278,437 18.2

Lighting Electricity 13,896,551 92.0 5,953,494 84.9 <0.001 0.2216

Non-electric i 1,215,290 8.0 1,057,917 15.1

Region North 1,469,601 9.4 882,9 12.2 <0.001 0.5329

Northeast 4,649,602 29.8 2,146,320 29.8

Southeast 5,801,579 37.2 3,094,136 42.9

South 2,168,128 13.9 592,030 8.2

Central-west 1,488,877 9.6 495,399 6.9

Area of residence Rural 2,702,484 17.4 1,284,501 17.9 <0.001 0.0128

Urban 12,836,718 82.6 5,899,174 82.1

Average AIDS incidence ratej 19.14 (19.13–19.14) 21.66 (21.65–21.67) <0.001 −0.1793

Average AIDS mortality ratej 5.632 (5.62–5.63) 6.452 (6.44–6.45) <0.001 −0.1865

Average AIDS case-fatality ratej 30.88 (30.87–30.89) 30.86 (30.85–30.86) <0.001 0.0029

Inadequate sanitation k 10.01 (10.00–10.02) 10.89 (10.88–10.90) <0.001 −0.0688

Unemployment rate (%)l 7.38 (7.38–7.38) 8.46 (8.45–8.46) <0.001 −0.2892

Doctors per 1,000 inhabitantsm 1.34 (1.34–1.35) 1.46 (1.46–1.47) <0.001 −0.1121

Nurses per 1,000 inhabitantsm 0.69 (0.69–0.69) 0.67 (0.67–0.67) <0.001 0.0480

Hospital beds per 1,000 inhabitantsm 2.32 (2.32–2.32) 2.33 (2.33–2.33) <0.001 −0.0070

aThe following were used for a comparison between the groups: (i) the two-tailed t-test for continuous variables and (ii) the Pearson’s chi-squared test (χ2) for categorical variables.
bSMD Standardized mean difference.
cAged between 13 and 24.
dAged between 25 and 64.
eAged 65 or older.
fMeasured by capita expenses proportional to the baseline minimum wage (MW). Level 1 (More wealth): “1 or more”. Level 2: “0.5 to 1”. Level 3: “0.25 to 0.49”. Level 4: “0< to 0.24”.Level 5 (Lower
wealth): “Nothing declared.”
gWater supply: Other – well, spring, and others.
hHousing Material: No – Coated clay, uncoated clay, wood, and others.
iLighting: Non-electric – No meter, lamps, candles, and others.
jAverage rates for the period (2007–2015) by municipality.
k% of the municipal population with inadequate baseline sanitation.
lBaseline municipal unemployment rate.
mPer 1,000 inhabitants of the baseline municipality. All statistical tests used where two-sided.
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Table 2 | Estimates of the average effect of the Programa Bolsa Família (PBF) adjusted IPTW Poisson model (with robust
standard errors) on AIDS incidence, mortality, and the case-fatality rates, 2007-2015

Adjusted Model Outcomes (RRa – CIb 95%)

Incidence Mortality Case-Fatality

Programa Bolsa Família 0.59*** (0.57–0.61) 0.61*** (0.57–0.64) 0.75*** (0.66–0.85)

Sex Female 1 (base) 1 (base) 1 (base)

Male 1.21*** (1.17–1.25) 1.35*** (1.27–1.42) 1.27*** (1.13–1.43)

Age Adolescents and young peoplec 1 (base) 1 (base) 1 (base)

Adultsd 2.02*** (1.93–2.10) 3.50*** (3.20–3.82) 1.69*** (1.40–2.04)

Older peoplee 0.32*** (0.28–0.37) 0.78* (0.64–0.96) 2.84*** (1.78–4.54)

Race/ethnicity White 1 (base) 1 (base) 1 (base)

Mixed-race 1.24*** (1.19–1.29) 1.24*** (1.15–1.32) 1.07 (0.92–1.25)

Black 1.66*** (1.57–1.75) 1.78*** (1.64–1.94) 1.01 (0.83–1.22)

Indigenous 1.36* (1.00–1.85) 0.89 (0.49–1.62) 0.57 (0.20–1.61)

Education More than high school 1 (base) 1 (base) 1 (base)

High school 1.04 (0.91–1.18) 1.45** (1.07–1.94) 1.95* (1.06–3.58)

Elementary school 1.40*** (1.23–1.60) 2.61*** (1.96–3.49) 2.77** (1.53–5.02)

Attended pre-school 0.91 (0.72–1.15) 1.20 (0.75–1.91) 1.00 (0.35–2.78)

Never attended school 1.28*** (1.11–1.47) 2.74*** (2.03–3.70) 3.62*** (1.95–6.74)

Wealthf Level 1 (More wealth) 1 (base) 1 (base) 1 (base)

Level 2 0.98 (0.89–1.08) 0.91 (076–1.08) 1.22 (0.80–1.87)

Level 3 1.16* (1.05–1.28) 1.22* (1.03–1.45) 1.61* (1.06–2.43)

Level 4 1.57*** (1.42–1.73) 1.55*** (1.31–1.84) 1.31 (0.87–1.98)

Level 5 (Lower wealth) 2.13*** (1.93–2.36) 2.33*** (1.95–2.79) 1.56* (1.02–2.40)

AIDS treatment Yes x x 1 (base)

No x x 2.67*** (2.32–3.08)

Water supply Public network 1 (base) 1 (base) 1 (base)

Otherg 1.01 (0.96–1.06) 1.07 (0.98–1.16) 1.03 (0.87–1.23)

Housing material (brick) Yes 1 (base) 1 (base) 1 (base)

No h 1.24*** (1.19–1.30) 1.33*** (1.24–1.44) 1.18* (1.00–1.39)

Lighting Electricity 1 (base) 1 (base) 1 (base)

Non-electric i 1.31*** (1.25–1.38) 1.37*** (1.26–1.48) 1.21* (1.02–1.43)

Region North 1 (base) 1 (base) 1 (base)

Northeast 1.19*** (1.11–1.26) 1.03 (0.92–1.16) 1.06 (0.81–1.37)

Southeast 1.19*** (1.11–1.27) 1.38*** (1.22–1.55) 1.10 (0.83–1.45)

South 1.52*** (1.40–1.65) 1.40*** (1.22–1.62) 0.95 (0.70–1.30)

Central-west 1.22*** (1.12–1.34) 1.19* (1.02–1.40) 1.20 (0.85–1.68)

Area of residence Rural 1 (base) 1 (base) 1 (base)

Urban 1.89*** (1.77–2.03) 2.21*** (1.97–2.49) 1.06 (0.79–1.42)

Mun. average AIDS incidence ratej 1.03*** (1.02–1.03) x x

Mun. average AIDS mortality ratej x 1.10*** (1.09–1.10) x

Mun. average AIDS case-fatality ratej x x 1.01*** (1.00–1.02)

Inadequate sanitationk 0.99*** (0.99–0.99) 0.99*** (0.98–0.99) 1.00 (0.99–1.01)

Unemployment rate (%)l 1.01*** (1.01–1.02) 1.02*** (1.01–1.03) 0.98 (0.96–1.01)

Doctors per 1,000 inhabitantsm 1.02 (0.99–1.05) 1.05* (1.00–1.10) 0.85** (0.76–0.95)

Nurses per 1,000 inhabitantsm 0.85*** (0.78–0.92) 0.86 (0.74–1.00) 1.71** (1.23–2.36)

Hospital beds per 1,000 inhabitantsm 0.99 (0.98–1.01) 0.99 (0.99–1.00) 0.97 (0.92–1.01)

Individual’s year of entry into the cohort yes yes yes

Obs.: 19,577,629 19,577,649 9,965

***p value <0.001; **p value <0.01; *p value < 0.05.
aIncidence Rate Ratios.
bConfidence interval.
cAged between 13 and 24.
dAged between 25 and 64.
eAged 65 or older.
fMeasured by capita expenses proportional to the baseline minimum wage (MW). Level 1 (More wealth): “1 or more”. Level 2: “0.5 to 1”. Level 3: “0.25 to 0.49”. Level 4: “0<to 0.24”. Level 5 (Lower
wealth): “Nothing declared.”
gWater supply: Other – well, spring, and others.
hHousing Material: No – Coated clay, uncoated clay, wood, and others.
iLighting: Non-electric – No meter, lamps, candles, and others.
jAverage rates for the period (2007-2015) by municipality.
k% of the municipal population with inadequate baseline sanitation.
lBaseline municipal unemployment rate.
mPer 1,000 inhabitants of the baseline municipality. All statistical tests used where two-sided and, where appropriate, adjustments were made for multiple comparisons.

Article https://doi.org/10.1038/s41467-024-44975-z

Nature Communications |         (2024) 15:1307 5



Complementary, sensitivity and triangulation analyses
In the appendix (pages 38–43), we present complementary analyses
that show the robustness and plausibility of our results.One significant
finding is illustrated in Table S24, which challenges the perception that
the Programa Bolsa Família (PBF) exclusively targets formal families.
According to PBF eligibility rules25 and reports26 the beneficiaries of the
program encompass a diverse range of individuals, including those in
low-income or extremely low-income, whether single or in couples,
even if they do not have children. Within our study cohort, only 22.7%
of PBF beneficiaries are married, similar to the percentage found
among the non-beneficiaries (28.7%). Additionally, the proportion of
single adults is slightly higher among PBF beneficiaries (71.7%) com-
pared to non-beneficiaries (63.7%). These percentages can be attrib-
uted to the breakdown of traditional family structures within themost
impoverished communities27. We conducted a complementary analy-
sis where we included marital status – not considered in the main
models due to the high proportion of missing values – as an adjusting
variable, showing no statistically significant differences with the main
models (Table S25).

As further complementary analysis, we evaluated the variable of
sexual preference, available only in the dataset of People Living with
AIDS (PLWA): the proportion of Men who have Sex with Men (MSM)
within the PLWA cohort was accounting for 15.0% of the 26,936 PLWA
individuals, suggesting that HIV transmission within this cohort of

economically disadvantaged Brazilians could be in a large part due to
heterosexual relationships. Furthermore, when comparing the per-
centage of MSM between PBF beneficiaries and non-beneficiaries
within the PLWA cohort, the numbers were almost identical
(Table S26). Upon introducing the variable of AIDS exposure category,
which includes MSM, in the assessment of PBF effects on AIDS case-
fatality rates (the only analysis conductedwithin the PLWAcohort), the
results were once again similar to the previous models, with no sta-
tistically significant differences observed (Table S27). Although we
were unable to adjust the models of AIDS incidence and mortality for
the variable of sexual behavior (which was only available within the
PLWA cohort), we can assume that it would not significantly alter the
results based on the estimations mentioned earlier and the small
percentage of MSM within the study cohort. While further stratifica-
tion analyses of extremely vulnerable populations, such as incar-
cerated individuals and users of illicit drugs, have not been possible
due to the lack of these variables in the study cohort, it is plausible that
PBF could exert a particularly strong effect on these populations, at
least of similar magnitude what have been shown in extremely low-
income individuals.

Themain factors attributed to the effects of PBF include increased
access to the healthcare system, HIV diagnosis, prevention of AIDS
progression, and treatment of AIDS (which also reduces HIV trans-
mission in the community), as well as improved compliance to

Table 3 | Estimates of the average effect of the Programa Bolsa Família (PBF), in adjusted IPTW Poisson models (with robust
standard errors), on AIDS incidence, mortality, and the case-fatality rate, 2007-2015, by wealth, sex, and age subpopulation

Adjusted Models Incidence Mortality Case-Fatality

RRa 95% CIb RRa 95% CIb RRa 95% CIb

Wealthc

Quartile 1d (Lower wealth) 0.45*** (0.42-0.47) 0.46*** (0.42-0.49) 0.63*** (0.51-0.76)

Obs. 5,503,505 5,503,510 4,059

Quartile 2e 0.63*** (0.59-0.67) 0.65*** (0.58-0.73) 0.77* (0.60-0.98)

Obs. 3,868,703 3,868,708 2,398

Quartile 3 f 0.84*** (0.77-0.91) 0.84** (0.72-0.96) 1.05 (0.80-1.38)

Obs. 5,051,629 5,051,636 1,880

Quartile 4g (More wealth) 1.00 (0.86-1.15) 0.98 (0.77-1.25) 0.93 (0.60-1.42)

Obs. 5,158,593 5,158,596 1,629

Sex

Female 0.60*** (0.57-0.63) 0.58*** (0.53-0.62) 0.65*** (0.53-0.78)

Obs. 11,309,111 11,309,119 5,289

Male 0.61*** (0.57-0.63) 0.64*** (0.59-0.70) 0.88 (0.74-1.03)

Obs. 8,268,518 8,268,530 4,676

Age

Adolescents and young peopleh 0.48*** (0.44-0.51) 0.46*** (0.39-0.54) 0.72 (0.46-1.12)

Obs. 5,258,575 5,258,576 1,805

Adultsi 0.62*** (0.60-0.64) 0.62*** (0.57-0.65) 0.75*** (0.65-0.85)

Obs. 12,405,560 12,405,579 7,973

Older peoplej 1.18 (0.78-1.78) 1.54 (0.91-2.59) 0.06 (0.00-4.10)

Obs. 1,913,494 1,913,494 154

***p value <0.001; **p value <0.01; *p value < 0.05.
aIncidence-rate ratios.
bConfidence interval.
cMeasured by capita expenses proportional to the baseline minimum wage (MW).
dQuartile 1: 0% to 0.1%.
eQuartile 2: 0.1% to 18.5%.
fQuartile 3: 18.5% to 56.5%.
gQuartile 4: more than 56.5%.
hAged between 13 and 24.
iAged between 25 and 64.
jAged 65 or older. All models were adjusted for the same demographic and socioeconomic variables in Table 2. All statistical tests used where two-sided and, where appropriate, adjustments were
made for multiple comparisons.
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treatment due to reduced economic and geographic barriers, and
improved nutritional and psychological status. In Brazil, until 2013,
only AIDS cases hadmandatorynotification. Thus,we chose to exclude
HIV notifications, which before 2013 were extremely underreported –

and the main analyses were referred only to AIDS cases. However,
despite these limitations and as complementary analysis, we estimated
the associationbetween the PBF exposure and theHIV cases notified in
the database after 2013, and we found that receiving PBF benefits was
associated to a 36% decrease in the HIV notification rate (RR: 0.64; 95%
CI: 0.62–0.66) (Table S28).

As shown in Fig. 2, the gradient of effects according to the levels
of wealth is extremely consistent across all HIV/AIDS indicators, as
expected considering that they are sequential indicators of the
progression of the disease in which poverty, and poverty-relief
interventions, could act in similar ways. In Fig. 3 we show the visual
comparison of the effect estimates – obtained through the adjusted
IPTW Poisson regressions described above - for the four HIV/AIDS
related outcomes, that is HIV notification (only starting from 2013),
AIDS incidence, AIDS mortality, AIDS case-fatality (all starting from
2007), in the overall study population and in the quartiles of wealth.
Moreover, the richest quartile (4th) shows no statistically significant
effects on all indicators, demonstrating not only the robustness of
the gradient but also acting as negative control for each outcome
under study24. As a matter of fact, if the observed statistically sig-
nificant associations of the PBF with HIV and AIDS-related outcomes
were due to omitted variable biases, or other kind of biases related to
the study design, they should have persisted in the analyses among
individuals with higher income.

To address any potential limitations in our study design, it is
crucial to clarify that the assumption of the PBF rules selecting the
more “motivated” individuals and leaving the vulnerable population in
the “non-benefit” comparator groupdoes not apply. This is because, as
described in the methods section, the participants of this study are
only individuals registered in the Cadastro Único, and after this regis-
tration process, the centralized system of the Ministry of Social

Development enrolls them into the PBF based on specific eligibility
rules (see methods section) with no influence during this enrollment
phase of any condition or CCT conditionality25. Furthermore, accord-
ing to our study design, all enrolled PBF beneficiaries who have
received allowances are considered exposed to the PBF, even if they
leave the program before the end of the study period (which occurred
in 27.7% of the cases). This approach allows us to account for the post-
exposure effects of PBF, but also avoid that “less motivated” indivi-
duals - who leave the program due to incompliance with PBF con-
ditionalities – could bias our effect estimates. As amatter of fact, while
a majority of individuals leave the PBF due to an increase in their
income above the PBF eligibility thresholds26,28, only a small portion
leaves due to non-compliance with conditionalities29. Nevertheless,
these individuals are still considered part of the exposure group in our
analysis.

To verify the robustness of the results, we systematically per-
formed a wide range of sensitivity analyses (see the methods section
and appendix p.21-33) for each outcome. First, we included different
municipal-level variables, second, we tested the influence of IPTW,
third, we evaluated the relevance of the endemic levels of AIDS, fourth,
we tested different proxies of wealth, fifth, we fitted the same models
with different specifications, including different individual-level cov-
ariates and robust standard errors, sixth, we evaluated models
according to the quality of information, and finally, we evaluated the
influence of missing values. Moreover, in order to verify the degree of
confidence in the causal inference and in the findings of the impact
evaluation, we did triangulation analyses (see appendix p. p.34-36)
using alternative methodologies30, including survival models and
propensity score matching (PSM), and all triangulation analyses indi-
cated an high degree of confidence in the results30.

Discussion
To the best of our knowledge, this is the largest and most compre-
hensive impact evaluation of the effects of a Conditional Cash Transfer
program on an infectious disease, and in particular on HIV/AIDS. We
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Fig. 2 | Conceptual model of the potential pathways through which Programa Bolsa Familia (PBF) can affect AIDS incidence, mortality, and case-fatality rates.
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were able to show the significant impact of the world’s largest CCT on
all sequential AIDS-related outcomes – namely incidence, mortality
and case-fatality rates - among low-income individuals in a LMIC.
Moreover, similar effects were found on HIV notification. Combining
big data from a nationwide cohort of 22,788,998 individuals, including
22,212 AIDS cases and 7,950 AIDS deaths over a 9-year period, with a
robust quasi-experimental impact evaluation design and a wide range
of sensitivity and triangulation analyses, we found a strong effect of
PBF on the reduction of AIDS incidence (41%), mortality (39%) and the
case-fatality rates (25%). Interestingly, the impact of the CCT was
concentrated in the extremely low-income individuals of the cohort,
showing a gradient of effectiveness based on the levels of socio-
economic vulnerability of the beneficiaries. Moreover, in the highest
incomequartile, PBF had no statistically significant effects in any of the
outcomes. The impact of PBF was also stronger among women and
adolescents, demonstrating the potential of CCTs in reducing health
inequalities based not only on socioeconomic position, but also on sex
and age.

CCT money allowances aim to promptly alleviate socioeconomic
vulnerabilities, while conditionalities ensure that these families will be
able to break the vicious cycle of poverty in the long term8,16. As in the
large majority of CCTs, PBF conditionalities are focused on the vul-
nerable individuals of the family: for the health-related conditionalities

pregnant women should attend all prenatal consultations, and
mothers all educational activities for breastfeeding and child health,
while children need to comply with the regular vaccination schedule
and routine check-ups for growth and development8,16. Educational
conditionalities are also focused on children, adolescents and poten-
tial young mothers, which should have a school attendance above
established thresholds8,16.

Several studies have already shown that CCTs increase the use of
preventive services, promote healthy behavior, and improve a wide
range of health outcomes8. In fact, CCTs were also able to reduce the
incidence of other infectious diseases, such as tuberculosis31,32 and
leprosy33, and decrease maternal and child mortality16. However,
regarding HIV/AIDS, previous studies on the impact of cash transfers
have shown inconsistent results:4 while a randomized controlled trial
in Malawi showed an HIV prevalence odd ratio of 0.36 between ben-
eficiaries and non-beneficiaries of a cash transfer intervention for
young women10, another randomized trial in South Africa demon-
strated no statistically significant effects on HIV notification34. Small
conditional economic rewards have also been associated to a reduc-
tion in sexually transmitted diseases in Tanzania35. A recent systematic
review of the effects of cash transfer programs on HIV prevention
suggested that cash transfers for vulnerable families may reduce risky
behavior in adolescents (especially girls), but pointed out the mixed

The samples size for each adjusted IPTW Poisson models: HIV Notification (n = 5,983); HIV Notification -

Quartile 1 (n = 1,959); HIV Notification - Quartile 2 (n = 1,263); HIV Notification - Quartile 3 (n = 1,398); HIV

Notification - Quartile 4 (n = 1,349). AIDS Incidence (n = 19,577,629); AIDS Incidence - Quartile 1 

(n = 5,503,505); AIDS Incidence - Quartile 2 (n = 3,868,703); AIDS Incidence - Quartile 3 (n = 5,051,629); 

AIDS Incidence - Quartile 4 (n = 5,158,593). AIDS Mortality (n = 19,577,649); AIDS Incidence - Quartile 1 

(n = 5,503,510); AIDS Incidence - Quartile 2 (n = 3,868,708); AIDS Incidence - Quartile 3 (n = 5,051,636); 

AIDS Incidence - Quartile 4 (n = 5,158,596). AIDS Case-Fatality (n = 9,965); AIDS Incidence - Quartile 1 

(n = 4,059); AIDS Incidence - Quartile 2 (n = 2,398); AIDS Incidence - Quartile 3 (n = 1,880); AIDS Incidence 

- Quartile 4 (n = 1,629).

Fig. 3 | The samples size for each adjusted IPTWPoissonmodels.Comparison of
the average effect of the Programa Bolsa Família (PBF), obtained through adjusted
IPTW Poisson models with robust standard errors, on HIV notification, AIDS

incidence, AIDS mortality, and AIDS case-fatality rate, 2007–2015, in the overall
study population (first four lines) and by quartiles of wealth for each outcome.
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and inconsistent results from the literature, arguing for large-scale
impact evaluations able to include the most vulnerable populations4.
Regarding AIDS-related outcomes, the evidence is scarce: a rando-
mized trial showed that incentives can promote short-term adherence
at the time of HIV treatment initiation36, while a recent ecological
observational study showed a relevant association between CCT cov-
erage and reductions on AIDS-related hospitalizations and deaths37.

Our results, obtained using a number of individuals, cases, and
deaths fromAIDSby far larger than anyother previous study, provide a
possible explanation for such inconsistencies, showing that CCT
impact largely depends on the baseline income levels of the bene-
ficiaries, and it is considerably stronger for extremely low-income
people in comparison with higher income individuals, among which
CCT effects can even be insignificant. Moreover, our results show that
CCT effects are more pronounced among women and adolescents,
which have to comply with the program’s conditionalities.

CCTs have the potential to play a significant role in preventing
AIDS through various mechanisms (Fig. 2)4,8,10,34,37. These mechanisms
include the positive impact of increased household income and the
conditionalities associated with education and healthcare that are
necessary to receive the benefits. The reduction of AIDS-related mor-
bidity and mortality can be attributed to several factors. Firstly, CCTs
improve the socioeconomic conditions of families, particularly
in situations of extremely low-income. By providing cash transfers,
these programs can decrease the likelihood of women resorting to sex
work or engaging in transactional sex for basic needs, thereby
empowering them economically and enhancing their self-esteem4,10,11.
Additionally, CCTs contribute to the reduction of risky sexual beha-
vior, therebypreventing new cases ofHIV infection and transmission38.
Themonitoring of women and children by healthcare teams and social
assistance it also aids in the management of comorbidities in the late
stages of AIDS, provides access to essential health information
regarding treatment adherence, reduces vertical transmission, and
prevents transmission to other partners4.

Secondly, implementing education conditionalities can have a
positive impact on school enrollment and attendance, particularly for
girls, thereby serving as protective measures against HIV infections4,11.
Thirdly, by incorporating health conditions, such as regular prenatal
and pediatric visits, these programs can encourage females to seek
healthcare services and engage in sexual education activities4,37. The
implementation of CCTs can also play a crucial role in slowing downor
preventing the progression fromHIV infection to AIDS, aswell as AIDS-
related deaths. By facilitating early detection and monitoring through
specialized HIV/AIDS services, CCTs can address economic and geo-
graphical obstacles, enhance adherence to antiretroviral treatment,
and achieve viral suppression, thereby reducing AIDS incidence,
mortality rates, and HIV transmission in the general population4,11,37.
Moreover, by granting individuals with HIV increased access to
healthcare services and ensuring cost-free access to comprehensive
care and ART, CCTs promote self-care and enhance adherence to
treatment37. Furthermore, these programs alleviate food insecurity
and malnutrition, both of which compromise the immune system and
can hinder the transition fromHIV to AIDS, as well as the effectiveness
of antiretroviral treatment37,39. Our findings reinforce these ideas, as
the most significant impact observed was a reduction in AIDS-related
incidence and mortality rates, followed by a decrease in case-
fatality rate.

Our studyhas limitations. Firstly, althoughweestimated the effect
of PBF by controlling for a large number of confounding variables and
using IPTW, propensity score-basedmodels are not able to control for
unobservable confounding variables. For this reason, for each out-
come, we included the average municipal rate of the AIDS indicator
over the period (incidence, mortality, and fatality) as an independent
variable in the logistic and in the Poisson regressions, allowing
adjustment for the baseline levels of the specific AIDS outcome,

together with potentially associated unobservable variables. More-
over, the extended sensitivity analyses showed that the inclusion of
other independent variables related to socioeconomic inequalities,
healthcare services, and municipal infrastructure, did not affect the
results of the PBF effect estimates (appendix, pp.22-24). Second, due
to the limitations in the data sources, it was not possible to adjust for
the risky sexual behaviors of the individuals. However, these risk fac-
tors should be consideredmediators -and not confounders- of the PBF
effects and of the social determinants included in the models, conse-
quently, their inclusion in the regressions would lead to an over-
adjustment of the models32,37.

Third, our cohort – obtained from the linkage of the Unified
Registry for Social Programs with AIDS-related health records - con-
tains data only from individuals recorded in theUnifiedRegistry, which
are part of the half of the Brazilian population with lower incomes.
However, while high-income individuals are absent in our cohort,
lower middle-income individuals, which need to be recorded in the
Unified Registry to get access to different governmental assistance
programs, are included - as shown in our stratified analyses – even if
underrepresented. As a consequence, while our stratified analyses
allowed to evaluate PBF effects on a wide range of different sub-
populations, our overall estimates are representative of the lower
income half of the country.

Themain strength of our study is the combination of anextremely
large longitudinal dataset with robust quasi-experimental impact
evaluation methods, offering a unique opportunity to evaluate the
effects of interventions with an unprecedented number of individuals
and subpopulations, usually not included or underrepresented in tra-
ditional epidemiological studies and randomized controlled trials. This
is particularly relevant in policy evaluation: as shown in our study,
public interventions could have a very different impact according to
the characteristics and baseline conditions of their beneficiaries.
Another important strengthof our study is thewide rangeof sensitivity
analyses performed, which confirmed the robustness of the findings,
and the useof different triangulation analyses, that demonstrate a high
degree of confidence in the results of the impact evaluation.

Our study, taking advantage of a large cohort of the low-income
individuals in a LMIC, was able to show how conditional cash transfer
programs could significantly reduce morbidity and mortality from
AIDS among socioeconomically vulnerable populations, and how their
impact depends on income levels. In the current context of global
increase of poverty due to consequences of the COVID-19 pandemic,
the war in Ukraine, and the global inflationary surge, a strengthening
and expansion of CCTs in LMICs could significantly reduce AIDS
morbidity and mortality among the most vulnerable populations, and
substantially contribute to the achievement of the AIDS-related Sus-
tainable Development Goal.

Methods
Study design, population, and ethical issues
This study has a quasi-experimental cohort study design, based on the
longitudinal information of 22.7 million individuals aged 13 and older,
from January 1 2007 toDecember 31, 2015. This studywas approved by
the Research Ethics Committee of the Institute of Collective Health of
the Federal University of Bahia (ISC/UFBA), under number
41691315.0.0000.5030 (Report No:3.783.920).

Data sources, outcomes, and intervention
The 100 Million Brazilian Cohort was based on the baseline informa-
tion of families, during the period from January 1, 2001 to December
31, 2017, who sought to benefit from the Brazilian government’s social
programs through registration in the Unified Registry for Social Pro-
grams (in Portuguese: Cadastro Único para Programas Sociais –

Cadastro Único). The Unified Registry is an administrative database, to
whichBrazilians aged 16 or over can apply by registering their personal
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information (age, sex, race/ethnicity, education and others) and
household information (household density, familiar income, structural
characteristics of the residence and others), as long as they are within
one of these categories: (i) belong to a familywith amonthly per capita
income of up to half a minimum wage; (ii) belong to a family with a
total monthly income of up to three minimum wages; (iii) belong to a
family with an income greater than three minimum wages, provided
that the registration is linked to inclusion in social programs in the
three spheres of government; (iv) be the only resident of the house-
hold, or; (v) living on the streets (alone or with the family).

Upon registration, individuals receive a unique identifier code and
are searched for socioeconomic characteristics. At the end of 2017,
Unified Registry had approximately 114 million individuals on its reg-
ister, which represents around 50% of the Brazilian population. It is a
social tool that identifies and characterizes especially low-income
families, allowing the government to know the socioeconomic aspect
of the poorest and use it for the selection of social programs20,40.

Two individual-level health-related datasets were linked to the
Unified Registry for Social Programs: the Notifiable Diseases Informa-
tion System (SINAN) and the Mortality Information System (SIM)22.
SINAN is a decentralized information system that monitors the inci-
dence of notifiable diseases, including HIV/AIDS22. SIM is a national
death surveillance system that registers deaths by all causes, including
HIV/AIDS, according to CID-10 classification.

Created by the Center for Integration of Data and Knowledge for
Health (CIDACS / FIOCRUZ)20, the Cohort aims to facilitate research
and continuous assessment of social determinants and the effects of
social policies and programs in health contexts in Brazil. It has 246
variables with demographic and socioeconomic information at the
individual and family level. The codes and linking algorithms between
the databases were built to make efficient and specific links through
five identifiers: the date of birth, themunicipality of residence, the sex,
the name and the mother’s name of each individual presented in each
of the databases20,23,41. The linking codes and algorithms were built
based on five identifiers: date of birth, place of residence, sex, name
andmother’s name of the individual present on each database20,23. The
Unified Registry and the health datasets (SIM and SINAN) were indi-
vidually matched in two steps, using the CIDACS-RL tool
(appendix,p.3)20,23. The quality of each link between Unified Registry,
SINAN e SIM has been extensively evaluated and validated16,19.

The 100 Million Brazilian Cohort resulting from this linkage has
undergone several verification and consolidation processes16, and it
has been used in various impact evaluation studies related to social
determinants of health and PBF13,20. An aggregated dataset - containing
municipal-level information on AIDS endemicity levels, municipal
infrastructures, and healthcare resources - was also deterministically
linked to the Unified Registry through the individuals‘municipal code
of residence and baseline year.

TheAIDSoutcomes available in thefinal datasetwere: (i) newAIDS
cases, defined by adapted CDC criteria, the Rio de Janeiro/Caracas
criteria;15 and (ii) AIDSdeaths, considering asunderlying cause theCID-
10 codes B20 to B2415.

The follow-up time for each individual in the cohort, i.e., person-
years, started on the date of entry into the cohort until the date of AIDS
diagnosis (for AIDS incidence rate), the date of death due to AIDS (for
AIDS mortality rate), or, for individuals without any AIDS-related out-
come, the date of death from other causes or the end date of the
cohort (December 31 2015). For AIDS case-fatality rate, the start date
began with the date of diagnosis and ended with the AIDS-
related death.

The beneficiary group was defined as eligible individuals who
received PBF benefits [extremely low-income families are considered
to have a monthly per capita income of up to US$12 (BRL 60) in 2007-
2008 period, up to US$14 (BRL 70) from 2009 to 2013, and up to US
$15.4 (BRL 77) in 2014 and 2015. Low-income families are those with a

per capita income between US$12 (BRL 60.01) and US$24 (BRL 120) in
2007 and 2008, betweenUS$14 (BRL 70.01) andUS$28 (BRL 140) from
2009 to 2013, and betweenUS$15.4 (BRL 77.01) andUS$30.8 (BRL 154)
in 2014 and 2015], and their exposure started with the receipt of the
benefit, until the end of their cohort follow-up. The non-beneficiary
group was defined as individuals who had never benefited from PBF
throughout their follow-up period, as in previous studies13. In case of
administrative delays and non-receipt of the benefits, eligible indivi-
duals were classified in the non-beneficiary group (details provided in
the appendix p.4). Administrative delays occur because after regis-
tering with Cadastro Único and fulfilling the aforementioned require-
ments, the Ministry of Citizenship (in Portuguese: Ministério da
Cidadania) elects the beneficiaries of the program.

Statistical analyses
To estimate the association between PBF exposure and AIDS inci-
dence, mortality, and case-fatality rates we used multivariable Poisson
regression models, adjusted for all relevant demographic, socio-
economic, and healthcare-related confounding variables at the indi-
vidual and municipal level, with follow-up time as an offset variable,
robust standard errors, and observations weighted through stabilized,
truncated, Inverse Probability of TreatmentWeighting (IPTW). Poisson
regression models with IPTW are widely used in quasi-experimental
cohort studies which investigate the impacts of public and social
policies on health outcomes42–44, including evaluation studies that
used the 100 Million Brazilian Cohort dataset32,33.

The process of IPTW consists of two primary stages. Initially, the
likelihood, also known as the propensity, of encountering the risk
factor or intervention under consideration is computed based on an
individual’s attributes (i.e., propensity score). Subsequently, weights
are calculated as the inverse of the propensity score. By applying these
weights to the study’s population, a simulated population is generated
where potential sources of bias are equally balanced between the
exposed and unexposed groups45.

We consider a scenario with two potential treatments: one
involving exposure to PBF (treatment) and the other being unex-
posed (control). Within the potential outcomes framework, each
individual is associated with a pair of potential outcomes (AIDS
outcomes): Y ið1Þ and Y ið0Þ. These outcomes represent the results
under the treatment and control conditions, respectively, when
subjected to the same conditions44. However, each individual is
assigned either the treatment or control, but not both. We denote Z
as an indicator variable for treatment (exposure to PBF) (Z = 1 for
treatment and Z =0 for control). Consequently, only a single out-
come, Y i, is observable for each individual: this is the outcome linked
to the actual treatment they received. The observed outcome,
denoted as Y i, is determined by Y i =ZiY i 1ð Þ+ 1� Zi

� �
Y ið0Þ. Thus, Y i is

equivalent to Y ið0Þ if Zið0Þ, and is equivalent to Y ið1Þ if Zið1Þ44. Let X
represent a vector of observed baseline covariates.

Initially, we used logistic regression to get the propensity score.
The logistic regression equation models the probability of a binary
outcome (usually 0 or 1) as a function of one or more predictor vari-
ables. The logistic function, also known as the sigmoid function, is
used to transform the linear combination of predictors into the
probability of the event occurring46,47.

P Z = 1jXð Þ= 1

1 + e�ðβ0 +β1X 1 +β2X2 + ��� +βpXpÞ
ð1Þ

where P Z = 1jXð Þ is the probability of the binary outcome being 1 given
the predictor variables X; e is the base of the natural logarithm;
β0,β1,β2, . . . ,βp are the coefficients corresponding to the predictor
variablesX1,X2, � � �Xp:We estimated the probability of each individual
to receive PBF (propensity score-PS), in two ways43,44,48. For the first
equation, we calculated the marginal probability of treatment (PSt)
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and then we estimated the multivariable PS (PSmul), adjusted for all
relevant covariates.

We used PSt and PSmul as weights to calculate the stabilized IPTW
using the formulas:

wZ = 1 =
PSt
PSmul

ð2Þ

wZ =0 =
ð1� PStÞ
ð1� PSmulÞ

ð3Þ

wherewZ = 1 is theweights for thebeneficiaries, andwZ =0 is theweights
for the non-beneficiaries. In order to correct for possible extreme
weights we set thresholds, with weights exceeding the set value
converted to that threshold value. In this investigation, the weights
were truncated based on the distribution of their values for the 1st and
99th percentiles, which represented these thresholds43,44,48. IPTW uses
the propensity score to balance baseline characteristics in the exposed
and unexposed groups by weighting each individual by the inverse
probability of receiving treatment45.

The Poisson equation with IPTW is a framework used to analyze
count data or event occurrences, while accounting for the potential
bias introduced by non-random treatment assignment in observa-
tional studies. In this context, the Poisson equation models the rela-
tionship between the event outcomes and covariates while
incorporating IPTW to adjust for treatment selection bias.

log Y i

� �
= β0 + β1Xi1 +β2Xi2 + � � � + βpXip + logðIPTWiÞ ð4Þ

where logðY iÞ is the natural logarithm of the rate for individual i;
Xi1,Xi2, . . . ,Xip are the covariates for individual i; β0,β1, . . . ,βp are the
coefficients associated with the covariates; and logðIPTWiÞ represents
the logarithmof the inverseprobability treatmentweight for individual i.
Finally, multivariable Poisson regressions, adjusted by stabilized, trun-
cated IPTW, were estimated with the same socioeconomic and demo-
graphic variables adopted in the logistic model for all AIDS outcomes.

At the individual level, the demographic and socioeconomic and
variables included in the models were sex, race/ethnicity, age, educa-
tional achievement, per capita expenditures used as aproxy forwealth,
household characteristics (adequate water supply, household con-
struction material, and installed electric power), geographic region,
area of residence (urban and rural), and year of entry into the cohort.
Due to the ART potential mediator effects in the relationship between
PBF coverage and mortality from AIDS, we have also fitted the case-
fatality rate models without ART as independent variable, with no
changes in the PBF estimates (see appendix, Table S30, page 45). As
municipal-level variables, we included the proportion of the popula-
tion with inadequate sanitation, the unemployment rate, and a set of
healthcare service-related variables (calculated as a rate per 1,000
inhabitants in the municipality): the number of doctors, nurses, and
hospital beds. Lastly, in order to control for any selection bias and
unobserved confounding associated with municipal endemic levels of
AIDS, the averagemunicipal AIDS incidence rate over the study period
was included as a covariate in theAIDS incidencemodels. Formortality
and case-fatality rates, we also included the municipal average AIDS
mortality and case-fatality rates, respectively.

In order to investigate heterogeneity in the impact of PBF parti-
cipation, the same estimation process was performed for different
population strata: per capitawealth (stratified by quartile of the sumof
per capita expenditure), sex, and age (adolescents and young people
versus adults and the older people).

In order to assess the robustness of the results, we performed a
wide range of sensitivity analyses (appendix, pp.21-36). Firstly, to
evaluate the relevance of variables that capture municipal-level char-
acteristics, we fitted models only with individual-level variables, and

tested the inclusion of a wide range of different aggregate-level vari-
ables. Secondly, to understand the influence of IPTW on the PBF effect
estimations, we estimated and compared all models without IPTW.
Thirdly, to evaluate the influence of the inclusion of the endemic levels
of AIDS in the models, we fitted the same regressions without the
average municipal rates for each outcome (incidence, mortality, and
case-fatality rate). Fourthly, to evaluate the adoption of per capita
expenditure as a proxy of wealth, we ran the same analyses with other
proxies, such as per capita income. Fifth, to evaluate the robustness of
the results, we fitted the same models with different specifications,
including different sets of individual-level covariates, variable dis-
tributions, andwithout robust standard errors, among others. Sixth, to
evaluate the potential influence of low-quality information on our
findings, we estimated and compared the models selecting only indi-
viduals living in municipalities with vital information of adequate
quality, according to consolidated criteria16,49. Seventh, to evaluate the
influence of missing values on our findings, we estimated the asso-
ciation of PBF for all individuals, including participants with missing
data for one or more variables, both for estimating PS and adjusted
Poisson models. Finally, to have a high degree of confidence in the
causal inference and in the findings of the impact evaluation, we did
triangulation analyses using alternative methodologies50, including
survival models and propensity score matching (PSM).

Reporting summary
Further information on research design is available in the Nature
Portfolio Reporting Summary linked to this article.

Data availability
The protocol for the creation of the 100 Million Brazilians Cohort and
the cohortprofile of the 100MillionBraziliansCohort is available in the
publications referenced in the article and further material is available
at: https://cidacs.bahia.fiocruz.br/en/platform/cohort-of-100-
millionbrazilians. The linkage protocols are explained in the refer-
enced publications and the codes are available at: https://gitHub.com/
gcgbarbosa/cidacs-rl. However, the datasets generated during and
analyzed during the current study are not publicly available due to
confidentiality and ethical issues. To request access, contact us at:
https://cidacs.bahia.fiocruz.br/contato/fale-conosco/.

Code availability
The code can only be shared on request due to confidentiality and
ethical issues. To request access, contact us at: https://cidacs.bahia.
fiocruz.br/contato/fale-conosco/.
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