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women, who are less likely to receive adequate health care. We investigated the association between race and cervical

cancer mortality and whether this association is attenuated by receipt of the Bolsa Familia Programme (BFP). E:':gj;ig”!:;/igx
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Methods Women from the 100 Million Brazilian Cohort were linked to nationwide mortality registries (2004-2015). 101562

Self-reported race (White/Black/Parda/Asian/Indigenous women) and cervical cancer mortality (ICD10C53) were
analysed using Poisson models adjusted for age, education, area of residence (rural/urban), and year of
enrolment. Effect modification by BFP (yes/no) was assessed.

Findings We analysed 18,291,600 women. Cervical cancer mortality rates were greater among Indigenous (adjusted-
Mortality rate ratio (aMRR) and adjusted-Mortality rate difference (aMRD): 1.78, 95% CI 1.40-2.25 and 5.26, 95% CI
2.41-8.11, respectively), Asian (aMRR = 1.55, 1.16-2.06 and aMRD = 3.72, 0.74-6.70), Parda (aMRR = 1.28, 1.22-1.34
and aMRD = 1.91, 1.56-2.25), and Black (aMRR = 1.20, 1.12-1.29 and aMRD = 1.37, 0.80-1.95) women vs. White
women. Among BFP recipients, aMRR and aMRD were, respectively, 1.12 (95% CI 1.03-1.22) and 0.77 (95% CI
0.19-1.35) for Black, 1.25 (1.19-1.32) and 1.61 (1.25-1.97) for Parda, 1.74 (1.35-2.24) and 4.70 (1.94-7.47) for
Indigenous, and 1.56 (1.12-2.18) and 3.57 (0.26-6.87) for Asian women vs. White women; whilst among non-
BFP recipients, aMRR and aMRD were, respectively, 1.53 (95% CI 1.31-1.78) and 4.05 (95% CI 2.34-5.76) for
Black, 1.36 (1.24-1.49) and 2.76 (1.94-3.59) for Parda, 1.98 (0.94-4.16) and 7.48 (-3.77 to 18.73) for Indigenous,
and 1.55 (0.89-2.68) and 4.21 (-2.27 to 10.68) for Asian women vs. White women (p interaction = 0.017).

Interpretation Racial differentials in cervical cancer mortality were reduced among BFP recipients and heightened
among non-BFP recipients. This suggests that racial inequities in cervical cancer mortality may be mitigated with
BFP receipt, through cash and/or conditionalities. Possibly, by improving women’s income and access to cervical
cancer screening and pre-cancer treatment, ultimately reducing mortality.
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Research in context

Evidence before this study

We searched PubMed to August 3, 2025 with a title and
abstract restriction using the following terms: (“race” OR
“racism” OR "“ethnicity” OR “ethnoracial”) AND (“cervical
cancer”) AND (“mortality” OR “death” OR “survival”), which
returned 398 articles published since 1986. When we
repeated the same search by adding the terms: AND (“cash
transfer” OR “social protection” OR “poverty-alleviation” OR
“bolsa familia”), no study was found. From those 398
publications, 103 have assessed race differences on cervical
cancer (CC) mortality, but only a few have examined racial
inequities in CC mortality. Many of them have evaluated
samples of CC patients and investigated race as a prognostic
factor or a biological trait, without addressing racial
inequities and their structural drivers, including institutional
racism. Overall, the studies reported higher CC mortality and
poorer survival for Black women and better outcomes for
White women. Indigenous peoples were rarely included in
studies, although they often present the highest CC mortality
rates. Around 85% of studies are from the United States

(n = 88) and the remaining from the UK (n = 1), Canada
(n = 1), New Zealand (n = 1), South Africa (n = 3), and Brazil
(n = 9). Brazilian studies have used ecological designs, were
limited to specific geographical areas, and have not
empirically addressed the potential of strategies to reduce
racial inequities in CC mortality.

Added value of this study
This comprehensive study using individual-level nationwide
data for over 20 million women, showed striking racial

Introduction

Cervical cancer (CC) is the fourth most common cancer
in women in incidence and mortality globally,"” with
substantial differences across and within countries.’”
The highest rates of CC mortality occur in low- and
middle-income countries as a result of major inequities
in the access to HPV (human papilloma virus) vacci-
nation, CC screening (Pap tests), diagnosis and treat-
ment services, driven by social determinants such as
poverty, poorer education and lower levels of human
development.'"” In Brazil, a middle-income country
marked by historical and current social and racial in-
equalities, CC is still the third most common cancer in
women in incidence and mortality,* and dispropor-
tionately affects the poorest people and marginalized
racial groups.”® The World Health Organization (WHO)
has set three goals to eliminate CC as a public health
problem by 2030: HPV complete vaccination in 90% of
girls, screening 70% of women, and treating 90% of
women with cervical disease.” Despite this, in 2019 in
Brazil, complete HPV vaccination coverage for girls was
only 47.4%.% Although it is a preventable and curable
disease if diagnosed early and promptly treated,’

inequities in CC mortality rates, with Indigenous, Black and
Parda women having the highest CC mortality rates vs.
White women. Unlike previous research, our study
demonstrated an interaction between race and receipt of the
Bolsa Familia Programme (BFP), the world’s largest
conditional cash transfer programme, such that racial
differentials in CC mortality were reduced among BFP
recipients, and heightened among BFP non-recipients. Our
study is the first to investigate the potential of a conditional
cash transfer programme (the BFP) in reducing racial
inequities in CC-related outcomes.

Implications of all the available evidence

Conditional cash transfers impact women’s income and
empowerment, providing them with resources to afford
food, medications, and transportation to healthcare settings.
Also, programme’s conditionalities promote greater access to
education and primary healthcare, facilitating HPV
vaccination and CC screening. Therefore, BFP might help to
reduce socioeconomic inequalities and barriers of access

to healthcare for Black, Parda and Indigenous women relative
to White women, reducing racial inequities in CC mortality.
As policy implications and external public health
recommendations, we suggest affirmative actions to ensure
a more racially diverse healthcare workforce to reduce racial
bias in healthcare and institutional racism. We also suggest
the inclusion of HPV vaccination and CC screening (e.g., Pap
testing) to BFP conditionalities, with special attention to
Indigenous, Black and Parda women.

evidence from high-income countries shows CC in-
equities by race in HPV vaccination,’ screening, inci-
dence," survival'? and mortality,"* with poorer outcomes
for Black women.

Structural and institutional racism in Brazil mainly
affects Black, ‘Parda’(Brown/Mixed) and Indigenous
women, who are systematically less likely to receive
adequate health care compared to White women." "
Black, Parda and Indigenous Brazilian women are sub-
ject to multiple expressions of discrimination (e.g., racism
and sexism), reducing their opportunities for education,
income and employment over the lifecourse.” In turn,
this leads them to be uninsured and live in households
with poor conditions and in segregated areas with fewer
health services and of poorer quality, with transportation
and security related issues.” " These social and structural
barriers impact access to reproductive health services,
gynaecological appointments and screening tests for CC,
leading to late diagnosis in advanced stages and increased
CC mortality,”*'* despite the free and universal health-
care system in Brazil. Although some studies from
Brazil**”” and other Latin American countries™® showed
CC mortality to be highest among Indigenous and Black
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women, many Latin American surveys and mortality
registries do not collect data on race."™'"* Moreover, many
Brazilian researchers tend to exclude Indigenous people
from health analyses, reflecting their historical trajectory
of discrimination and invisibility linked to structural
racism.””

Brazil's Bolsa Familia Programme (BFP) was
implemented in 2004 and is the world’s largest condi-
tional cash transfer programme,*"* targeted at low and
extremely low-income families. The BFP aims to i.
alleviate poverty by providing a minimum level of in-
come for families, and ii. break the intergenerational
transmission of poverty by requiring beneficiaries to
comply with conditionalities (minimum school atten-
dance and vaccination for children and adolescents, and
pre- and post-natal visits for women).”” The BFP has
been able not only to reduce poverty and income in-
equalities, but also to reduce health inequalities,
through acting on social determinants (e.g., improved
access to education, food and health services).”>* Pre-
vious studies have reported positive impacts of the BFP
on child” and maternal mortality,”* cardiovascular dis-
eases,”” mental health outcomes,” breast cancer mor-
tality,” and others. Conditional cash transfers have
been effective in increasing the uptake of health care
services, CC screening tests and promoting safe sexual
behaviors in Latin American countries.”** However, no
study has investigated the relationship between cash
transfer programmes and CC-related mortality.

Previous research on racial disparities in CC mor-
tality in Brazil have used ecological study designs, were
limited to specific Brazilian states or municipalities,
and have not empirically addressed the potential of
strategies to reduce racial differentials in CC mortality.
Using individual-level nationwide data from a large-
scale administrative cohort linked to mortality data,”
the aims of this study were to investigate the associa-
tion between race and CC mortality and assess whether
this is modified by being a BFP recipient. We
hypothesise that Black, Parda, and Indigenous women
have a higher mortality rate from CC than White
women, and that these racial inequities could be
reduced among BFP recipients.

Methods

Study design and participants

We conducted a longitudinal study within the 100
Million Brazilian Cohort (100MCohort). The 100MCo-
hort is a nationwide administrative cohort assembled
from the Brazilian Government’s Unified Register for
Social Programmes (CadUnico), which includes data
from over 114 million low-income Brazilians (nearly
55% of the country’s population) for the 2001-2015
period.” To be registered in CadUnico, families are
required to apply and have an income <1/2 minimum
wage per capita (approximately $125 USD in 2020) or a
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total family income <3 times the minimum wage
(approximately $750 USD).» For this study, the
100MCohort baseline dataset was linked to the Brazil-
ian Mortality Database to identify women in the cohort
who had died from CC during follow-up. Detailed
linkage procedures can be found elsewhere.”” The study
was approved by the Ethics Committee of Instituto
Gongalo Moniz—Oswaldo Cruz Foundation (CAAE
77084624.5.0000.0040), considering the study’s ethical
aspects on risk-benefit analysis, participants’ rights,
measures to prevent harm to and discrimination of
individuals or groups and researcher responsibilities.
Since data was obtained from secondary datasets, par-
ticipants’ informed consent was waived.

Measures

Exposure—Race/skin color was used as a social and
historical (not a biological) construct, i.e., a marker of
the perceived effect of life experiences of racism.’ Data
on self-reported race/skin color were collected at the
time of enrolment in CadUnico (cohort baseline) via
face-to-face interviews using the classification officially
adopted by the Brazilian Census (IBGE): White, ‘Parda’
(or Brown/Mixed, a proxy for people of Black and White
race/skin color), Black, ‘Yellow’ (Asian or people of
Asian descent), or Indigenous (Brazilian Indigenous)
people.

Outcome—Individual information on the occur-
rence of deaths during follow-up, including the dates
and their underlying cause coded according to the In-
ternational Classification of Diseases (ICD-10), was
obtained through linkage to the National Mortality
Database. Deaths from CC were those with an under-
lying cause coded as C53, according to ICD-10.

Effect modifier—To be eligible for BFP, families
must be registered in CadUnico and be low or
extremely low-income.”?* The BFP status was defined
as whether the participant was a recipient (yes/no) after
enrolment in CadUnico and before dying. BFP re-
cipients were those who were paid the benefit (prefer-
ably a woman, who received it on behalf of the family)
or were members of a payee’s household. We assumed
that when individuals started receiving BFP they
continued receiving it for the remaining study period,
since only 0.2% of BFP recipients in our cohort stopped
receiving before the end of follow-up.

Covariates—Data on covariates were also collected at
enrolment into CadUnico, including individual infor-
mation on age (continuous), education level (catego-
rized as <5, 6-9, >9 years of schooling), area of
residence (rural vs. urban), and women’s year of
enrolment into the cohort.

Statistical analysis

The sample characteristics were described across race
categories, and differences were tested using chi-square
tests and analysis of variance (sample characteristics
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were also described across BFP receipt groups (yes/
no)). Time at risk was calculated from the time a
woman was enroled into CadUnico to the time of her
death from CC, death from another cause, or the end of
follow-up (for this analysis, December 31, 2015),
whichever occurred first. Since we are modeling count
data and analysing mortality rates (number of CC
deaths per woman-years at risk), Poisson regression
models were used to estimate adjusted-Mortality rate
ratios (aMRR) and 95% confidence intervals (95% CI).
Associations of race with CC mortality were estimated
after adjustments for women’s age only (Model 1) and
simultaneously for age and education (Model 2), to ac-
count for age and education differences by race cate-
gories. Then, we added to Model 3 the area of residence
(rural vs. urban) to account for socioeconomic differ-
ences of municipalities where women with different
self-reports of race lived, and the year of women’s
enrolment in the cohort, to determine racial differen-
tials after accounting for differences in the follow-up
period by race. Model 4 added the BFP recipient vari-
able to estimate the association of being a recipient of
the BFP with CC mortality (Conceptual model, Fig. 1).
We also estimated adjusted-Mortality rate differences
(aMRD) and 95% CI using marginal predicted means
from the fitted Poisson models.

To investigate whether BFP receipt modified the
association between race and CC mortality, a multipli-
cative interaction term between race and BFP receipt
was added to Model 4. If the interaction term was sig-
nificant (p < 0.05) based on likelihood ratio test, strati-
fied effects were obtained by calculating the aMRR and
aMRD for race within strata of BFP receipt.

We conducted two sensitivity analyses. First, we
restricted the analysis to Brazilian municipalities
known to have high proportion of death registration
(>95%), to assess the extent to which the observed as-
sociations of race and mortality might reflect the poorer
quality of the data (i.e., underreporting of mortality

among the poorest). Second, we restricted the sample to
low-educated women (those who never went to school
or attended <5 years of schooling), who were more
likely to be eligible for BFP (i.e., women from low or
extremely low-income families), to check whether our
associations hold.

We have also performed a couple of additional an-
alyses. Firstly, we have added the Brazilian region of
residence to the fully adjusted model, to account for
potential bias due to differences in the quality of the
mortality database across regions. Secondly, although
our study hypotheses were on racial health inequities
and how they are modified by BFP, we have also esti-
mated associations between BFP and CC mortality,
stratified by race. Thirdly, we checked for the over-
dispersion of the Poisson regression model (i.e., when
the variance of the count of events is greater than its
mean). All statistical analyses were performed in Stata,
version 15.1.

Role of the funding source

The study’s funders had no role in the study design; in
the collection, analysis, and interpretation of data;
in the writing of the report; and in the decision to
submit the manuscript for publication.

Results

All women enroled in CadUnico between January 1,
2004 (because levels of data missingness were high for
those enroled in previous years) and December 31, 2015
(the last year for which mortality data were available),
and who were aged between 18 and 100 years at
enrolment, were eligible to participate in this study.
Women whose date of death was earlier than their date
of enrolment into the cohort, or earlier than the starting
date of BFP receipt (probably due to linkage errors)
were excluded. Women with missing data on race
(4.7%, n = 1,020,080) or other socioeconomic covariates

Impact on income:

. Quality food

. Medications

. Transportation to health services

Receipt of the Bolsa Familia

Race | —

~

\l/ ‘ Cervical cancer mortality

Programme (BFP)

(s

Age
Education

Access to preventive cancer care services:
. Screening

. Early diagnosis and treatment

. HPV vaccination
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Urban/rural area of residence
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Fig. 1: Conceptual model for the association of race with cervical cancer mortality and effect modification by Bolsa Familia Programme (BFP).

www.thelancet.com Vol 62 October, 2026



Articles

114,008,317 individuals in the 100 Million Brazilian Cohort Baseline (2001-2015)
linked with Brazilian Mortality Information System (SIM) (2000-2015)

92,240,282 excluded:
. 53,915,243 men

3,476,435 excluded:

. 24,792,181 women aged < 18 y at enroliment
. 26,344 women aged > 100 y at enrollment

. 13,506,514 women enrolled before 2004 i

. 53,907 date of death earlier than date of enroliment (0.2%)
; . 29,220 date of death earlier than starting date of BFP (0.1%) i
. 1,020,080 women with missing data on race (4.7%)
. 2,373,228 women with missing data on other covariates (10.9%) !

18,291,600 women aged 18 - 100 y at enrollment in the cohort |

Fig. 2: Flowchart of participants’ selection.

(10.9%, n = 2,373,228) were also excluded, leaving
18,291,600 women for analysis (Fig. 2).

Among the 18,291,600 studied women, the number
of deaths by CC was 9573 (0.05%) (White: 0.04%,
n = 2817; Parda: 0.05%, n = 5673; Black: 0.06%, n = 965;
Asian: 0.05%, n = 48; Indigenous women: 0.07%,
n = 70). BFP recipients and non-recipients were
13,026,278 (71.2%) and 5,265,322 (28.8%), respectively.
Indigenous, Black, and Parda women were more likely
to be BFP recipients, younger, and less educated
(Table 1). When comparing women who received and
did not receive BFP, non-recipients were more likely to
be White women, older, higher educated, and tended to
live in more urban municipalities, than BFP recipients
(Supplementary Table S1).

Age-standardized CC mortality rates in the overall
cohort were higher for Indigenous women (19.3/100,000
woman-years), Asian (16.8/100,000), Parda (14.6/100,000),
Black (14.2/100,000), and lowest for White women (10.7/
100,000). When looking into BFP recipient groups
(yes/no), a similar pattern in mortality rates by race was
seen for both BFP groups. However, non-BFP recipient
women showed slightly lower mortality rates, compared to
BFP recipient women (Supplementary Fig. S1).

After full adjustments for age, education, area of
residence, year of enrolment and BFP recipient, CC
mortality rates were greater among Indigenous
(aMRR = 1.78, 95% CI 1.40-2.25), Asian (aMRR = 1.55,
1.16-2.06), Parda (aMRR = 1.28, 1.22-1.34) and Black
(aMRR = 1.20, 1.12-1.29) women vs. White women

Variables Overall Self-declared race groups
White Parda (Brown/mixed) Black Asian Indigenous p-value
n = 18,291,600 n = 6,333,911 n = 10,189,340 n = 1,581,579 n = 88,469 n = 98,301
Self-declared race, % - 34.6 55.7 8.6 0.5 0.5 -
Cervical cancer deaths, n (%) 9573 (0.05) 2817 (0.04) 5673 (0.05) 965 (0.06) 48 (0.05) 70 (0.07) <0.0001
Bolsa Familia recipient, n (%)
Yes 13,026,278 (71.2) 3,984,316 (62.9) 7,679,654 (75.4) 1,218,409 (77.0) 54,741 (61.9) 89,158 (90.7) <0.0001
No 5,265,322 (28.8) 2,349,595 (37.1) 2,509,686 (24.6) 363,170 (23.0) 33,728 (38.1) 9143 (93)
Age in years at baseline, mean (SD) 37.1 (15.8) 39.0 (16.5) 35.9 (15.3) 37.3 (15.4) 38.0 (16.4) 32.6 (14.0) <0.0001
Education in years, n (%)
>9 5,081,785 (27.8) 1,883,835 (29.7) 2,771,254 (27.2) 380,957 (24.1) 31,261 (35.3) 14,478 (14.7) <0.0001
6-9 5,150,342 (28.2) 1,770,849 (28.0) 2,885,078 (28.3) 451,138 (28.5) 21336 (241) 21,941 (22.3)
<5 8,059,473 (44.1) 2,679,227 (42.3) 4,533,008 (44.5) 749,484 (47.4) 35,872 (40.5) 61,882 (62.9)
Area of residence, n (%)
Urban 14,582,160 (79.7) 5,295,723 (83.6) 7,874,491 (77.3) 1,308,043 (82.7) 71,259 (80.6) 32,644 (33.2) <0.0001
Rural 3,709,440 (20.3) 1,038,188 (16.4) 2,314,849 (22.7) 273,536 (17.3) 17,210 (19.4) 65,657 (66.8)
Table 1: Characteristics of the study population, by self-reported race. 100 Million Brazilian Cohort (2004-2015), N = 18,291,600 women aged 18-100 years.
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aMRR (95% Cl)

Model 1

Model 2 Model 3 Model 4

Race
Parda (Brown/mixed) vs. White
Black vs. White
Asian vs. White
Indigenous vs. White

133 (1.27,1.39)°
131 (1.21,1.41)°
148 (1.11,1.97)°
1.78 (1.41,2.26)°
Age at baseline per 5-year increase 1.04 (1.04,1.04)"
Education

6-9 years vs. >9 years -

<5 years vs. >9 years =
Area of residence

Rural vs. Urban -
Year of enrolment per 1-year increase -
Bolsa Familia Programme recipient

No vs. Yes -

130 (1.24,136)" 131 (1.25,1.37)°
126 (1.17,1.36)° 124 (1.151.33)

( 1.28 (1.22,1.34)°
( )
1.50 (1.13,1.99)° 1.56 (1.17,2.08)"
( )
(

1.20 (1.12,1.29)°
1.55 (1.16,2.06)°
1.78 (1.40,2.25)°
1.04 (1.04,1.04)"

1.62 (1.27,2.05) 1.87 (1.48,2.38) (
1.04 (1.04,1.04) 1.04 (1.04,1.04) (
1.90 (1.74,2.07)°
2.46 (2.27,2.67)
- 0.70 (0.66,0.74)"
- 0.95 (0.95,0.96)"

177 (1.62,1.93)°
2.35 (2.16,2.56)°

1.74 (1.59,1.89)"
2.29 (2.10,2.49)°

0.70 (0.66,0.74)"
0.97 (0.96,0.98)"

0.68 (0.64,0.72)*

Note: aMRR, adjusted-Mortality rate ratio; Cl, Confidence interval. Model 1: + Age. Model 2: Model 1 + Education. Model 3: Model 2 + Area of residence + Year of
enrolment. Model 4: Model 3 + Bolsa Familia Programme (BFP) recipient. *p-value<0.0001. °p-value = 0.007. “p-value = 0.005. %p-value = 0.002. “p-value = 0.003.

Table 2: Association of race with cervical cancer mortality. 100 Million Brazilian Cohort (2004-2015), N = 18,291,600 women aged 18-100 years.

(Model 4). After full adjustments, CC mortality rates
were lower among women not receiving BFP than BFP
recipients (aMRR = 0.68, 0.64-0.72) (Model 4) (Table 2).

Adjusted mortality rate differences (aMRD) indi-
cated that Indigenous women had an excess rate of 5.26
additional deaths (per 100,000 woman-years) compared
to White women (aMRD = 5.26, 95% CI 2.41-8.11).
Asian (aMRD = 3.72, 0.74-6.70), Parda (aMRD = 1.91,
1.56-2.25) and Black (aMRD = 1.37, 0.80-1.95) women
also showed increased rates vs. White women (not
shown in table).

There was evidence of a multiplicative interaction
between race and BFP recipient (p interaction = 0.017),
indicating that the relationship between race and CC
mortality was different for women who received and
those who did not receive BFP. Among BFP recipients
strata, Black, Parda and Indigenous women vs. White
women had a 12%, 25% and 74% greater mortality rate
from CC (aMRR = 1.12, 1.03-1.22 (p = 0.007);
aMRR = 1.25, 1.19-1.32 (p < 0.0001); and aMRR = 1.74,
1.35-2.24 (p < 0.0001), respectively), whilst among non-
BFP recipients strata, Black, Parda and Indigenous
women vs. White women had a 53%, 36% and 98%
higher mortality rate from CC (aMRR = 1.53, 1.31-1.78
(p < 0.0001); aMRR = 1.36, 1.24-1.49 (p < 0.0001); and
aMRR = 1.98, 0.94-4.16 (p = 0.07), respectively). Asian
vs. White women had a 56% and 55% higher mortality
rate among BFP recipients (aMRR = 1.56, 1.12-2.18
(p = 0.009)) and non-recipients (aMRR = 1.55, 0.89-2.68
(p = 0.12)), respectively. Estimates for non-BFP recip-
ient Indigenous and Asian women were based on
smaller numbers and wider CIs that crossed 1.0, how-
ever (Fig. 3).

Among BFP recipients, adjusted mortality rate differ-
ences were 0.77, 1.61, 470 and 3.57 for Black

(aMRD = 0.77, 0.19-1.35 (p = 0.009)), Parda (aMRD = 1.61,
1.25-1.97 (p < 0.0001)), Indigenous (aMRD = 4.70,
1.94-7.47 (p = 0.001)) and Asian women (aMRD = 3.57,
0.26-6.87 (p = 0.034)) vs. White women. Among non-BFP
recipients, adjusted mortalitity rate differences were 4.05,
2.76, 7.48 and 4.21 for Black (@aMRD = 4.05, 2.34-5.76
(p < 0.0001)), Parda (aMRD = 2.76, 1.94-3.59 (p < 0.0001)),
Indigenous (aMRD = 7.48, —3.77 to 18.73 (p = 0.19)) and
Asian (aMRD = 4.21, -2.27 to 10.68 (p = 0.20)) vs. White
women (not shown in table).

Sensitivity analysis restricted to Brazilian munici-
palities with high proportion of death registration
(>95%) yielded similar overall findings, although aMRR
slightly increased for Indigenous vs. White women
(from 1.78, 1.40-2.25 (p < 0.0001) to 2.05, 1.33-3.16
(p = 0.001)) and slightly decreased and was no longer
significant for Asian women (from 1.55, 1.16-2.06
(p = 0.003) to 1.34, 0.78-2.31 (p = 0.29)) (Supplementary
Table S2). A second sensitivity analysis restricting the
sample to low-educated women (more likely to be low or
extremely low-income women and therefore more prone
to be eligible for BFP) showed virtually the same results
with a slightly increase in aMRRs for all race groups,
although for Asian women it decreased and was no
longer significant (Supplementary Table S3).

Additional analysis further adjusted for the Brazilian
region of residence yielded similar associations be-
tween race and CC mortality, albeit the MRR for
Indigenous vs. White women decreased from 1.78 (95%
ClI 1.40-2.26) to 1.46 (1.15-1.86) (Supplementary
Table S4). Race-specific models for the association be-
tween BFP and CC mortality showed that mortality
rates were lower for BFP non-recipient vs. BFP recip-
ient women. However, MRRs were significant only
among strata of White and Parda women (aMRR = 0.68,
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olsa Familia Programme, yes
A Bolsa Familia Pi
Race N deaths N participants aMRR (95%Cl)
White 2,045 3,984,316 1 [ref]
Parda(Brown) 4,563 7,679,654 1.25 (1.19—1.32)h -
Black 762 1,218,409 1.12 (1.03-1.22)° -~
Asian 35 54,741 1.56 (1.12-2.18)° e
Indigenous 63 89,158 1.74 (1.35-2.24)° ———
olsa Familia Programme, no
B Bolsa Familia P!
Race N deaths N participants aMRR (95%Cl)
White 772 2,349,595 1 [ref]
Parda(Brown) 1,110 2,509,686 1.36 (1.24-1.49)° ——
Black 203 363,170 1.53 (1.31—1.78)b e
Asian 13 33,728 1.55 (0.89-2.68)°
Indigenous 7 9,143 1.98 (0.94-4.16)°
2 3 4

Fig. 3: Association of race with cervical cancer mortality, stratified by Bolsa Familia Programme (BFP) recipient. A = Bolsa Familia Programme,
yes. B = Bolsa Familia Programme, no. *100 Million Brazilian Cohort (2004-2015), N = 18,291,600 women aged 18-100 years. Note: aMRR,
adjusted-Mortality rate ratio. ClI, Confidence interval. BFP, Bolsa Familia Programme. *Adjusted for age + education + area of residence (Rural/
urban) + year of enrolment. p for interaction = 0.017. ®p-value < 0.0001, “p-value = 0.007, %p-value = 0.009, ®p-value = 0.12, p-value = 0.07.

95% CI 0.61-0.75, and aMRR =

0.66, 0.61-0.71,

coupled with a low receipt of preventive Pap tests and

respectively) (Supplementary Table S5). The evaluation
of overdispersion of the Poisson model indicated that
the variance in the data was greater than the mean.
A quasi-Poisson model was then estimated, with very
similar results (Supplementary Table S6).

Discussion

This comprehensive study, using individual-level lon-
gitudinal data for over 20 million women, showed
striking racial inequities in CC mortality rates, with
Indigenous women having the highest CC mortality
rates vs. White women. We also showed an interaction
between race and BFP, such that racial differentials in
CC mortality for Black, Parda and Indigenous women
were reduced among BFP recipients, and heightened
among BFP non-recipients. For example, Black vs.
White women who did not receive BFP had a 53%
(aMRR = 1.53, 1.31-1.78) higher mortality rate and an
excess mortality rate of 4.05 (aMRD = 4.05, 2.34-5.76),
whilst Black vs. White women who received BFP had a
12% (aMRR =1.12, 1.03-1.22) higher mortality rate and
an excess mortality rate of 0.77 (aMRD = 0.77,
0.19-1.35), with no overlapping 95% CIs. To our
knowledge, this is the first study to investigate the po-
tential of a conditional cash transfer programme (the
BFP) in reducing racial inequities in CC-related
outcomes.

Indigenous women have a heightened burden of
CC, due to a complex interplay of low socioeconomic
status, geographical isolation and communication bar-
riers with health care providers.”'* Additionally, cul-
tural factors such as early sexual exposure, multiparity
and multiple sexual partners lead to a high prevalence
of HPV infection (e.g., 45.9% in Yanomami women),”
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vaccines.”'®* Our study also showed that Black and
Parda women had, respectively, 20% and 28% higher
CC mortality rates than their White counterparts.
Consistent with our results, an ecological study from all
Brazilian municipalities between 2000 and 2020
showed that CC mortality rates were higher in Black
women (RR = 1.27) and dramatically higher in Indige-
nous women (RR = 1.82), compared to White women."”

Due to institutional racism and racial bias in health
care, Black and Parda women from Brazil,"® and African-
american women from the US,"" have significantly
fewer Pap tests, and more late CC diagnoses at advan-
taged stages with worse prognosis, increasing their CC
mortality rates. Analysis of nationwide ecological data
from hospital-based cancer registries (Registros Hospi-
talares de Cancer-RHC) in Brazil (2000-2012) showed
that Indigenous and Black women presented higher
odds of having late (III or IV) stage CC at diagnosis
(OR = 2.38, 95% CI 1.06-5.33 and OR = 1.16, 95% CI
1.02-1.31, respectively) vs. White women.'®

In our study, Asian women presented a 55% greater
CC mortality rate relative to White women. However,
this result should be interpreted with caution because
self-reported Asian race/skin color in Brazil (in Portu-
guese, Amarela or Yellow) is subject to misclassifica-
tion, especially among the poorest. For example, some
states from Northern (poorer) Brazil have a larger self-
reported ‘Yellow' population than states from the
Southeast (wealthier) region like Sdo Paulo, despite the
latter has the country’s largest historical concentration of
Japanese immigrants.”® Although the category ‘yellow’
was defined in the Brazilian Census to represent Asian
migrants and their descendents, the nonspecific nature
of this category can lead to data inconsistencies, e.g., the
possible overlap with the Parda category.” Indeed, in the
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sensitivity analysis restricted to municipalities with bet-
ter quality mortality data, aMRR decreased and was no
longer significant for Asian women.

We showed that among BFP recipients, racial in-
equities in CC mortality were reduced, such that for
Black, Parda and Indigenous women vs. White women,
the association between race and mortality was atten-
uated among recipients. Conditional cash transfers
impact women'’s income and empowerment, providing
them with resources to afford food, medications, and
transportation to health care settings.?** Also, pro-
gramme’s conditionalities promote greater access to
education and primary health care, facilitating HPV
vaccination and CC screening.” Therefore, BFP might
help to reduce socioeconomic inequalities and barriers
of access to health care for Black, Parda and Indigenous
women relative to White women, reducing racial in-
equities in CC mortality. A randomized study of PRO-
GRESA (a conditional cash transfer programme in
Mexico, on which CC screening is part of the pro-
gramme’s conditionalities) found spillover effects in the
demand for CC screening among ineligible women,
possibly due to social interactions with eligible house-
holds.’" In Brazil, BFP was associated with increased
access to Pap tests (PR = 1.26, 95% CI 1.13-1.40) and
guidance on CC screening (PR = 1.13, 95% CI 1.07-
1.19).” Moreover, a recent systematic review showed
positive impacts of cash transfer programmes in pro-
moting safe sexual behaviors such as delayed sexual
debut, marriage and first pregnancy among girls,
increased condom use, and decreased multiple part-
ners, reducing HPV infection risk.”

Despite this evidence showing protective effects of
cash transfer programmes on CC-related outcomes, our
results indicated that BFP non-recipient women had
lower CC mortality rates than BFP recipients
(aMRR = 0.68, 95% CI 0.64-0.72), in contrast to our
expectations. This finding was consistent in both our
sensitivity analysis restricting the sample to low-
educated women (more likely to be eligible for BFP)
and in our additional race-specific models with BFP as a
covariate. This could be explained because BFP re-
cipients are poorer than BFP non-recipients (since low
income is a criterion to receive BFP) and lower income
is also a risk factor for CC mortality. However, our
education adjustments might not have been able to
completely account for income differences between
BFP recipients vs. non-recipients. Moreover, our expo-
sure of interest is race and not BFP, and thus exami-
nation of the BFP-mortality association would probably
have required consideration of a different set of con-
founders. The effect of BFP on CC mortality deserves
further exploration, preferably using impact evaluation
methods, with more explicitly causal analyses (e.g.,
quasi-experimental designs using inverse probability
weighting to receive BFP, among BFP-eligible women
only).

An important limitation of our study is the obser-
vational design, limiting causal conclusions. We lack
data on income, which would be more adequate to
identify those women eligible to receive BFP. However,
education is highly correlated to income in Brazil** and
was used instead. Despite this, a potential bias due to
unmeasured confounding by income or selection into
BFP cannot be disregarded. We also lack data on access
to health care and clinical variables (e.g., Pap test uti-
lization, HPV vaccination, CC stage at diagnosis and
treatment). However, according to our conceptual
model (Fig. 1), access to health care represents a po-
tential mediator in the race-BFP-mortality relationship.
Thus, adjusting for it would not be indicated. Lastly, the
100MCohort represents the poorest 55% of Brazil’s
population, which limits the generalizability of our
findings. However, as wealthier White women are
under-represented in our study, one might expect our
associations to possibly underestimate true racial in-
equities and be even larger among the general Brazilian
population.

Strengths of the study include the use of real-world
linked data, based on reasonably good quality cervical
cancer nationwide mortality registries in terms of
coverage and completeness. Moreover, sensitivity an-
alyses restricted to municipalities with better-quality
mortality data yielded similar findings. In addition,
the 100MCohort is uniquely positioned to study the
effects of social policies on the health of specific
population subgroups (e.g., marginalized racial
groups), due to the individual-level data and large
sample size.

In conclusion, our study revealed the highest
vulnerability to CC mortality among Indigenous
women. Although Indigenous people constitute 10%
of the Latin American population,’® the burden of CC
among them remains largely unknown due to lack of
data. Reaching health equity requires not only
showing evidence on racial differentials in health,
but also actions (e.g., policy-level interventions) to
eliminate them. Our findings demonstrated the po-
tential of a conditional cash transfer programme (the
BFP) in reducing racial inequities in CC mortality,
possibly by improving women’s income and access to
health services, especially for Black, Parda and
Indigenous women. As policy implications and
external public health recommendations, we suggest
affirmative actions to ensure a more racially diverse
health care workforce to reduce racial bias in health
care and institutional racism. We also suggest the
inclusion of HPV vaccination and CC screening (e.g.,
Pap testing) to BFP conditionalities, with special
attention to Indigenous, Black and Parda women. In
Brazil’s huge territory with stark inequalities, feasi-
bility issues (ensuring supply and accessibility of
services, especially in remote areas) must also be
achieved.
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