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Abstract

Background Preterm births increase mortality and morbidity during childhood and later life, which is closely
associated with poverty and the quality of prenatal care. Therefore, income redistribution and poverty reduction
initiatives may be valuable in preventing this outcome. We assessed whether receipt of the Brazilian conditional cash
transfer programme - Bolsa Familia Programme, the largest in the world - reduces the occurrence of preterm births,
including their severity categories, and explored how this association differs according to prenatal care and the
quality of Bolsa Familia Programme management.

Methods A retrospective cohort study was performed involving the first live singleton births to mothersenrolled

in the 100 Million Brazilian Cohort from 2004 to 2015, who had at least one child before cohort enrollment. Only

the first birth during the cohort period was included, but born from 2012 onward. A deterministic linkage with the
Bolsa Familia Programme payroll dataset and a similarity linkage with the Brazilian Live Birth Information System were
performed. The exposed group consisted of newborns to mothers who received Bolsa Familia from conception to
delivery. Our outcomes were infants born with a gestational age < 37 weeks: (i) all preterm births, (ii) moderate-to-
late (32-36), (iii) severe (28-31), and (iv) extreme (< 28) preterm births compared to at-term newborns. We combined
propensity score-based methods and weighted logistic regressions to compare newborns to mothers who did and
did not receive Bolsa Familia, controlling for socioeconomic conditions. We also estimated these effects separately,
according to the adequacy of prenatal care and the index of quality of Bolsa Familia Programme management.

Results 1,031,053 infants were analyzed; 65.9% of the mothers were beneficiaries. Bolsa Familia Programme was
not associated with all sets of preterm births, moderate-to-late, and severe preterm births, but was associated with
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a reduction in extreme preterm births (weighted OR: 0.69; 95%Cl: 0.63-0.76). This reduction can also be observed
among mothers receiving adequate prenatal care (weighted OR: 0.66; 95%Cl: 0.59-0.74) and living in better Bolsa
Familia management municipalities (weighted OR: 0.56; 95%Cl: 0.43-0.74).

Conclusions An income transfer programme for pregnant women of low-socioeconomic status, conditional to
attending prenatal care appointments, has been associated with a reduction in extremely preterm births. These
programmes could be essential in achieving Sustainable Development Goals.

Keywords Preterm birth, Conditional cash transfer, Bolsa Familia Programme, Income redistribution, 100 million

Background

Preterm birth (PTB) - live birth occurring before 37
completed weeks of gestation [1] - is associated with
increased mortality and morbidity not only in the imme-
diate neonatal period but also throughout infancy, child-
hood, and even adulthood, resulting in heightened costs
to health systems [2—6]. PTB can be further categorized
into moderate-to-late (32 to <37 weeks), severe (28 to
<32 weeks), and extreme (<28 weeks) [1]. These subdivi-
sions are important since the reduction in gestational age
is associated with the survival of the newborn and neona-
tal complications [4, 7].

The most recent analysis showed that the worldwide
PTB rate rose from 9.8% in 2000 to 10.6% in 2014, equat-
ing to 14.8 million liveborn preterm babies. Most PTBs
occur in low- and middle-income countries (LMICs) [1,
3, 8]. In Brazil, between 2012 and 2019 the proportion of
overall preterm births decreased, ranging from 10.87 to
9.95%, with the lowest proportion in 2015 (9.77%). The
proportion of extreme, severe, and moderate-to-late PTB
were, respectively, 0.09%, 0.53%, and 9.49% [9].

An essential strategy for mitigating the risk of PTB is
ensuring adequate prenatal care [10, 11]. Several studies
employing prenatal care utilization indices have identi-
fied an association between inadequate prenatal care and
adverse birth outcomes, particularly PTB [10-16]. How-
ever, when exploring trends in prenatal care and birth
outcomes, diverse methods have been used to assess the
adequacy of prenatal care [17, 18], yielding null [19, 20] or
opposite findings as a greater risk of PTB among mothers
with a high number of prenatal care visits (the “adequate-
plus” category) [21]. This result can be explained by a bias
in the definition of this index, since higher-risk pregnan-
cies, in which the number of observed visits is greater
than expected, are assigned to a “better prenatal care”
level [21, 22].

Furthermore, evidence shows that PTBs are associ-
ated to poverty-related risk factors [8, 23]. Compared to
pregnant women with higher incomes, those living in
poverty experience elevated levels of stress [24, 25], inad-
equate nutritional intake [24, 26], higher levels of smok-
ing during pregnancy [24, 25, 27], poorer maternal health
[24], and poorer access to adequate prenatal care [24].

In low-income settings, nearly half of the infants born at
or below 32 weeks (2 months early) die due to a lack of
feasible, cost-effective care, such as warmth, breastfeed-
ing support, and basic interventions for infections and
respiratory issues. Shockingly, over 90% of extremely pre-
term babies born in low-income countries die within the
first few days of life, while less than 10% face a similar fate
in high-income settings. These statistics underscore the
profound impact of socio-economic factors on the sur-
vival rates of preterm infants [28].

Therefore, income redistribution initiatives might
reduce PTBs cases and programs providing income
supplements to low-income pregnant women are an
increasingly common initiative, especially in LMICs, as
a strategy for social protection and poverty reduction
[29]. There are unconditional cash transfer programs
(UCTs), which provide cash directly to eligible house-
holds based on specific inclusion criteria, and conditional
cash transfer programs (CCTs), which require the ful-
filment of specific education and health-related condi-
tions for continued receipt [29, 30]. Other CCTs, such
as India’s Janani Suraksha Yojana (JSY) and Nepal’s Safe
Delivery Incentive Program, transfer cash only for use of
specific services, such as health facility—based delivery
[31]. Well-studied CCTs in LMICs, including the Bolsa
Familia (BF) Programme in Brazil, acknowledged as the
world’s largest CCT in terms of coverage and financing,
Progresa and Opportunidades programs in Mexico, and
the JSY in India, are associated with improved birth out-
comes such as increased birthweight [32, 33], better out-
comes in child health, growth, and development [34], and
decreased neonatal/infant mortality [35-37]. Ramos et
al. (2021) [35] also observed a more pronounced reduc-
tion in child mortality (aged 1-4 years) among children
born preterm in Brazil who were beneficiaries of the BE.
Moreover, increased income from the Earned Income
Tax Credit (EITC) in the United States (US) has been
associated with more favorable birth outcomes [38, 39].

However, evidence on the effect of CCTs on PTB is
lacking, especially in LMICs and when considering PTB
subgroups. In Canada [26, 40, 41] and US [42], uncon-
ditional prenatal benefits provided to low-income preg-
nant women were associated with a lower risk of PTB. A
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recent Brazilian study [43] showed that children born to
mothers receiving BF were less likely to be born before
37 or 28 weeks of gestation. In Uruguay [44] and another
study in the US [45], it was observed that social assis-
tance programs had no observable effect on PTBs. In the
present study, we hypothesized that BF assistance could
reduce the likelihood of PTB. Therefore, we investigated
the association between receiving BF assistance through-
out pregnancy and the occurrence of PTB, considering
both overall and their severity levels (moderate-to-late,
severe, and extreme). Additionally, we aimed to explore
whether the observed association varies based on prena-
tal care and the quality of BF management in the moth-
ers’ municipalities. It is crucial to note that, although
mothers were not primiparous upon enrollment into the
cohort, we only considered the first child born after their
registration. This approach was implemented to prevent
biasing our results.

Methods
All of the methods and analyses were described in the
previously published research protocol [46].

Study design and participants

In this retrospective cohort study, we included the first
live singleton births to mothers aged between 10 and
49 years enrolled in the 100 Million (100 M) Brazil-
ian Cohort [47] from 2004 to 2015, who had at least
one child before cohort enrollment. Only the first child
born after registration, but born from 2012 onward, was
included. We can affirm that between 2004 and 2015,
these multiparous mothers did not undergo additional
pregnancies since we obtained the birth order of their
children from the original dataset, retaining only the
first child born during the cohort period. Moreover, our
study used sociodemographic information from 2004, the
year when the BF was implemented; and live birth infor-
mation from 2011, due to a modification in birth certifi-
cates. This modification included essential variables, such
as gestational age recorded as a continuous variable in
completed weeks (previously reported in broad intervals
of gestational weeks, hindering consistent classification
and leading to an underestimation of prematurity rates);
the mother’s date of birth, thereby improving the linkage
process; and the number of prenatal consultations as a
quantitative variable.

We excluded: (i) births between 2004 and 2011, given
the impossibility of categorizing the outcome by gesta-
tional age in completed weeks; (ii) births from primipa-
rous women due to their increased risk of PTB compared
to women with a previous term birth [48, 49] and those
that were not the first child following the mother’s enroll-
ment (Table S1 in Additional file 1); (iii) inconsistent
data (birthdates, birth weights for gestational age [50],
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inter-birth intervals under 196 days) and unmeasured
outcomes; and (iv) non-viable newborns (born before 22,
weighing less than 500 g or over than 6,999 g) [51, 52] or
presenting conditions associated with PTB (congenital
abnormal births [53] and multiple pregnancies [54]).

Further details on the definition of the study sample are
provided in Additional file 1.

This cohort study was approved by the research eth-
ics committee of the Federal University of Bahia, Salva-
dor, Brazil, and followed Strengthening the Reporting
of Observational Studies in Epidemiology (STROBE)
reporting guideline. As no personally identifiable infor-
mation was included in the dataset used for analysis, the
need for informed consent was waived in accordance
with the National Commission of Ethics in Research
(CONEP).

Data sources and linkage

The 100 M cohort is a population-based cohort com-
piled from the Unified Registry for Social Programs
(CadUnico), which holds data on individuals at their first
registration on this Brazilian national social program
registry. CadUnico is a unique registry for selecting low-
income families requesting support from over 20 social
protection programs in Brazil. Once a family applies, it
becomes eligible to receive one or more benefits (with
a maximum of 5), depending on their income thresh-
old and composition. Therefore, our database reflects
the poorest half of the Brazilian population. The cohort
database is comprised of records containing the socio-
economic data of 114,008,179 low-income individuals
who have applied for social assistance programs through
CadUnico, representing approximately 55% of the entire
Brazilian population [47, 55].

The 100 M cohort baseline was linked to two other
databases (Fig. 1): the BF Programme payroll database
(2004-2015), to identify the beneficiaries during preg-
nancy; and the Brazilian Live Birth Information System
(SINASC, 2012-2015), to assess relevant maternal and
gestational data. Finally, the merge with the database of
the municipal Decentralized Management Index (DMI)
of the Bolsa Familia Program and the CadUnico was per-
formed to obtain aggregated data at the municipal level.

Deterministic, exact linkage was performed to link
the cohort baseline and the BF payroll datasets, using a
unique identifier called a social identification number
(NIS). To link the cohort baseline and the SINASC data
we used the CIDACS record linkage algorithm (CIDACS-
RL), an innovative linkage tool based on a combination
of indexing search and scoring algorithms, with high
accuracy developed by Center for Data and Knowl-
edge Integration for Health (CIDACS) [56]. The follow-
ing variables were used for this linkage: mother’s name,
maternal age or date of birth, and mother’s municipality
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Deterministic Linkage by
Linkage similarity
Bolsa Familia (BF) 100 Million Cohort baseline National Live Birth
Programme payroll 6,544,782 live births registered System (SINASC)
dataset > _ »
e between 2012-2015, thm the 24,695,618 live births
11,131,427 beneficiaries mothers' socioeconomic information between 20012015
identified was collected from 2004 onwards

—»| 89,914 fetal viability criteria:

Exclusions
2,118,637 infants where the mothers were
primiparous
2,914,691 infants which were not first child following
enrollment

171,698 inconsistencies
127 infants where mothers’ age at birth were <10 or
>49 years old

- 55,370 infants with gestational age <22

- 823 infants weighted <500g or >6,999g

- 9,364 infants with congenital abnormalities

- 24357 infants where the mothers had

multiple pregnancies

77,994 unmeasured outcomes
140,668 infants which did not meet the criteria set for
the exposure group

Final sample

1,031,053 first live singleton births following enrollment were
eligible for the study

679,365 (65.89%)
BF beneficiaries

Fig. 1 Flowchart of the study population selection

of residence. Missing, implausible names, and duplicates,
were excluded. The linkage between the cohort baseline
and SINASC is detailed elsewhere [57, 58].

From 2004 to 2015, 20,232,461 (57.3%) live births were
linked, with a high estimated accuracy, which increased
after 2011 (Table S2 in Additional file 1) [32, 58]. The data
were stored on secure servers at the CIDACS, where all
linking procedures were performed in compliance with
all ethical and legal standards [57, 59].

BF programme characteristics

For a family to be a BF beneficiary, it must be registered
on CadUnico. The BF eligibility criteria are CadUnico
registered families’ per capita income and composition
(such as the presence of children adolescents, and preg-
nant women).

Considering the income threshold for the study period,
families with a monthly per capita income of up to BRL
77 (income cut-off point for 2014/2015, equivalent to
USD 15.74) were considered extremely poor and eli-
gible, independent of their composition [46]. Similarly,
families with a monthly income equal to or below three

351,688 (34.11%)
Non-beneficiaries

minimum wages (BRL2,364.00, equivalent to USD483.32
in 2015) were considered eligible. Poor families were eli-
gible to receive BF assistance if their per capita income
was between BRL 77.01 and BRL 154.00 (income cut-off
point for 2014/2015, equivalent to USD31.49) and have at
least 1 individual from a priority group, such as children
or teenager aged under 17 years, or a pregnant or lactat-
ing woman in the household [60]. The estimate of low-
income families in each municipality is calculated based
on National Household Sample Survey (PNAD) [61] data,
which is used as a guide to implement BF, but is not a
ceiling, or threshold, for expenditure.

Preferably, BF cash payments are transferred to women.
Once a family becomes a BF beneficiary, it must com-
ply with specific program requirements (conditionali-
ties) to remain on the programme. These criteria include
the imperative of consistent school attendance and use
of health care services throughout childhood (includ-
ing maintaining an up-to-date vaccination schedule),
during pregnancy (attending prenatal consultations),
and in the postpartum period [62]. Further details on
BF characteristics related to variable benefits provided
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to breastfeeding mothers and pregnant women are
described in the Additional file 1.

Variables of interest
The variables of interest (Table 1) below are part of the
proposed framework in Fig. 2.

The exposed group comprised live births to moth-
ers who continuously received BF throughout the entire
pregnancy period, from conception to delivery. Unex-
posed group included live births to mothers who did not
receive BF benefit at any time, or until childbirth. Live
births to mothers who discontinued receiving the benefit
were not considered in the analysis.

There are four outcomes, where we compared at-term
newborns (37-42 gestational weeks — reference category)
to (i) overall, <37 weeks; (ii) moderate-to-late, 32 to <37
weeks; (iii) severe, 28 to <32 weeks; and (iv) extreme, <28
weeks, PTBs.

Sociodemographic and household information at the
individual level (collected before receipt of BF) were
taken from the cohort baseline and the characteristics
of the mother and the newborn from SINASC records
(Table 1).

We used two variables in the subgroup analysis. First,
adequacy of prenatal care following the Brazilian Min-
istry of Health Prenatal Care and Birth Humanization
Programme (PHPN), which recommends three, four, five,
and six prenatal visits for babies born between 22 and 27
weeks, 28 and 33 weeks, 34 and 37 weeks, and over 37
weeks, respectively [63]. Those who complied with the
recommendation were classified as adequate (category 1),
and those who did not as inadequate (category 0).

Second, we considered the municipal Decentralized
Management Index, an administrative indicator of the
quality of BF and CadUnico management at the munici-
pal level, related to updating records, success in attain-
ing families in extreme poverty, and following-up health,
education, and social control conditionalities by pro-
gramme beneficiaries [61]. It varies from 0 (worst) to 1
(best) and the municipalities receive financial support
from the federal government via payment of an amount
per registered family, weighted by the quality indica-
tor [64]. We classified municipalities according to DMI
tertile.

Statistical analysis
Since eligibility to receive BF is determined by per capita
income and a set of family socioeconomic characteristics,
rigorous control in the analysis is required. We followed a
kernel matching approach to choose a set of BF non-ben-
eficiary mothers inside the cohort, and this allowed us to
balance the two groups on observable characteristics.
Our analysis combines propensity score (PS) kernel
matching and weighted logistic regressions. First, we
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used a logit model to estimate the probability of receiv-
ing BF assistance during pregnancy, mostly based on
the mother’s baseline sociodemographic characteristics.
Given that estimated propensity scores are used to adjust
for measured confounding [65], we estimated the PS of
receiving BF assistance during pregnancy, considering
the sociodemographic and household covariates in the
PS model (note “c” of Table 1). Having estimated the PS,
we performed a kernel matching procedure, which estab-
lishes a non-parametric approach, using the weighted
averages of all individuals in the control group, to con-
struct the counterfactual outcome. Additional weight is
given to units close to the one that needs to be matched
[66].

In the final logistic models at the first stage of the ker-
nel weighted, we adjusted for relevant maternal (age) and
perinatal (type of delivery) conditions.

The subgroup analysis was established by our research
protocol [46]. We investigated whether the effect of
receiving BF during pregnancy and a preterm birth var-
ied according to the adequacy of the mother’s prena-
tal care and the municipal decentralized management
index. Kernel-weighted logistic models were calculated
separately within each adequacy of the prenatal care
subgroup, to conduct the first subgroup analysis. For the
second subgroup, we ranked municipalities into DMI
tertiles and all the analysis steps separately, including the
PS estimate, kernel matching, and final weighted logistic
models, providing separate estimates.

To formally assess whether the association between
receiving BF benefit and PTB outcomes varies across
subgroups, we conducted a statistical test for interac-
tion by including BF status X subgroup indicator terms in
our subgroup models (see Interaction test in Additional
file 1). The analysis of heterogeneity in the BF associa-
tion with PTB across subgroups relied on the statistical
significance (p<0.05) of the interaction terms [67], and
we applied the likelihood ratio test to evaluate the differ-
ence between nested models. It is important to note that
the model without the interaction term is nested within
the model with the interaction term. The use of interac-
tion terms results in numerous hypothesis tests, espe-
cially in the context of categorical covariates. To account
for that, we applied the Bonferroni correction to adjust
p-values for multiple comparisons within factor variable
terms. We checked robustness by using the inverse prob-
ability of treatment weighting (IPT'W) as an alternative
approach, with the association between BFP participation
and PTB outcomes estimated through logistic models
with weights equal to the PS/(1-PS) for non-beneficiaries,
and equal to 1 for the beneficiaries, with further adjust-
ment for maternal and perinatal conditions.

A case-control study was conducted using the 100 M
cohort to check the robustness of these findings,
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Fig. 2 Theoretical model of the potential pathways by which the Bolsa Familia (BF) Programme may affect preterm births

considering that severe and extreme PTBs are rare events
with a 0.94% and 0.38% prevalence, respectively (Table 2).
All the analyses were performed using Stata version 15.0.

Results

Of the 1,031,053 first live births eligible for the study,
679,365 (65.9%) of the mothers received BF throughout
pregnancy, and 351,688 (34.1%) did not (Fig. 1). The prev-
alence of overall and moderate-to-late PTBs was slightly
higher among beneficiaries, compared to non-benefi-
ciaries — except for those born moderate-to-late whose
mothers had inadequate prenatal care - while severe and
extreme PTBs were lower among beneficiaries compared
to non-beneficiaries — except for those severe PTB whose
mothers had adequate prenatal care and lived in 2nd ter-
tile of DMI (Table 2).

Table S3 of the Additional file 1 demonstrates the dis-
tribution of characteristics between beneficiaries and
non-beneficiaries among preterm birth outcomes before
the kernel procedure; they were similar across the four
outcomes, but different when comparing beneficiaries
and non-beneficiaries. With regards to sociodemo-
graphic and gestational characteristics, approximately
80% of beneficiaries had been enrolled in the cohort
for at least five years; 37% had a low level of education;
76% were black or of mixed-race, beneficiaries include
4 times more indigenous people than non-beneficiaries;

67% were of childbearing age (20-35 years); 77% received
adequate prenatal care; and 53% had vaginal deliveries
(1.3 times higher than non-beneficiaries). Although 46%
of the beneficiaries live in the northeast and 66% in urban
areas, the remaining beneficiaries’ household characteris-
tics were worse than those of non-beneficiaries.

The differences between beneficiaries and non-bene-
ficiaries were minimized after weighting (Table 3; Table
S4 in Additional file 1), and there was sufficient overlap
in the PS of beneficiaries and non-beneficiaries according
to overall (Figure S1 in Additional file 1) and subgroup
analyses (Figures S2 and S3 in Additional file 1).

The association between BF and PTB using weighted
logistic regression analysis is presented in Table 4. In the
adjusted model, there was no association between BF and
overall, moderate-to-late, and severe PTB among Brazil
and all subgroups analyzed, but it was associated with
extreme PTB (Brazil weighted odds ratio [OR]: 0.69; 95%
CI: 0.63-0.76). These findings were consistent across the
adequacy of prenatal care levels and DMI, but the magni-
tude varied.

Although there was an association between BF and
extreme PTB in both those receiving adequate and inad-
equate prenatal care, there seemed to be a potential
modification of the association based on the adequacy
of prenatal attendance. BF mothers receiving adequate
prenatal care experienced a 34% reduction in extreme
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Table 3 Summarized statistics of the propensity score variables of beneficiaries (BF, exposed) and non-beneficiaries (non-BF,
unexposed) before and after the kernel matching procedure. Brazil, 2004-2015

Propensity score variables

Relative frequency and non-weighted proportion

Relative frequency and weighted proportion

BF (N=679,365) Non-BF (N=351,688) Diff' BF (N=573,194) Non-BF (N=281,542) Diff?
Sociodemographic characteristics
Cohort time (years)
>5 79.8 65.6 14.2 82.0 82.5 -0.5
<5 202 344 -14.2 18.0 17.5 0.5
Maternal education (years)
0-7 37.2 219 153 373 374 -0.1
8-11 59.5 67.0 -7.5 59.5 59.5 0.0
>12 33 1.1 -7.8 32 3.1 0.1
Maternal race/skin color
White 232 375 -143 235 229 06
Black or mixed-race 75.6 62.1 13.5 755 76.2 -0.7
Indigenous 12 0.3 09 1.0 09 0.1
Marital status
Marriage/civil partnership 552 59.5 -4.3 55.0 544 0.6
Single/divorced/widow 448 40.5 43 45.0 45.6 -0.6
Household characteristics
Geographical region
South 6.7 14.0 -7.3 6.9 6.9 0.0
North 17.0 114 56 16.9 16.9 0.0
Northeast 45.6 274 18.2 452 45.0 0.2
Southeast 239 36.1 -12.2 241 242 -0.1
Midwest 6.8 1.1 -4.3 6.9 7.0 -0.1
Household location
Urban 66.4 814 -15.0 67.0 679 -09
Rural 336 18.6 15.0 330 321 0.9
Household conditions 0.0
All favorable conditions 241 40.2 -16.1 242 243 -0.1
1 unfavorable condition 222 272 -5.0 225 229 -04
2 unfavorable conditions 16.3 14.5 1.8 16.5 16.3 0.2
3 unfavorable conditions 15.8 100 58 15.7 153 04
4-5 unfavorable conditions 216 8.1 135 213 212 0.1
Overcrowding 00
<2 people per room 87.8 95.0 -72 87.7 87.8 -0.1
> 2 people per room 12.2 50 7.2 12.3 12.2 0.1

' Difference in the proportion of each category between Bolsa Familia beneficiaries and non-beneficiaries before kernel matching

2 Difference in the proportion of each category between Bolsa Familia beneficiaries and non-beneficiaries after kernel matching

PTB (weighted OR: 0.66; 95% CI: 0.59-0.74), compared
to 25% among those receiving inadequate prenatal care
(weighted OR: 0.75; 95% CI: 0.62—0.90).

The association between BF and lower occurrence of
extreme PTB varied according to the DMI level, ranging
from 25% (weighted OR: 0.75; 95% CI: 0.65—0.86) in the
worst tertile to 44% (weighted OR: 0.56; 95% CI: 0.43—
0.74) in the best tertile (Table 4).

In the interaction analysis (Tables S6 and S7 in Addi-
tional file 1), considering each PTB outcome, the results
of the likelihood ratio test indicated our interaction terms
to be not statistically significant for BF status x prenatal
care adequacy and BF status x DMI tertile.

As illustrated in Figure S4 (Additional file 1), the pre-
dictive margins for probability of preterm births have not
indicated noticeable heterogeneity across subgroups. The
likelihood ratio test comparing the models with versus
without the interaction terms was not significant in all
subgroup models (Tables S6 and S7 in Additional file 1).

Robustness analysis with IPT'W yielded similar results
to the kernel-weighted analysis, adding an association
between BF and lower occurrence of severe PTB among
mothers living in municipalities where the programme
is best managed (weighted OR: 0.83; 95% CI: 0.72—-0.95 -
Table 4). The case-control analysis also found no associa-
tion between BF and severe PTB (adjusted OR: 0.97; 95%
CI: 0.89-1.06), being the association with extreme PTB
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attenuated but still strong (adjusted OR: 0.72; 95% CI:
0.63—-0.83) when compared to the kernel-weighted analy-
sis (Table S5 in Additional file 1).

Discussion

Drawing from a large, longitudinal populational-based
cohort study that utilized national Brazilian linked data
from health and social administrative databases and
employed appropriately rigorous methods, our study
enabled the evaluation of the association between the
Brazilian conditional cash transfer and the occurrence
and severity of PTB outcomes. Our findings suggest for
the first time that receiving BF during pregnancy is sig-
nificantly associated with a lower probability of extreme
PTBs, but not with less severe PTB forms. Such an asso-
ciation was also observed for those live births to mothers
receiving adequate prenatal care and living in municipali-
ties with a better-managed programme.

The lack of effect of the program on overall, moderate,
and severe PTB may be attributed to the potential pre-
vention of these outcomes through a national expansion
of prenatal care, regardless of the program’s condition-
ality. The success of prenatal care in reducing these dif-
ferences implies that the BF programme does not have
additional protective impacts on these outcomes above
and beyond existing, national prenatal care efforts. The
reinforcement of prenatal care coverage in Brazil resulted
from government initiatives such as the Prenatal Care
and Birth Humanization Programme established in 2000
[63], and the Rede Cegonha Program launched in 2011
[68]. These programs aim to enhance access and the qual-
ity of care, particularly in impoverished regions, with a
focus on reducing neonatal, infant, and maternal mor-
tality. Following the implementation of Rede Cegonha,
there was a noticeable increase in prenatal consultations
and the diagnosis of clinical complications, indicating
improved care quality and more effective risk screening.
This includes early identification and referral for high-
risk pregnant women within the public health network.
Additionally, in 2013, the Brazilian Ministry of Health
released a technical manual to support healthcare teams
involved in Rede Cegonha, focusing on low-risk prenatal
care [69]. Despite the near-universal expansion of prena-
tal care access in Brazil through these government pro-
grams, the quality of care still exhibits inadequacies and
inequities [70]. Table 2 shows that the percentages of
adequate prenatal care for BF and non-BF recipients are
very similar, suggesting that PTB outcomes preventable
by prenatal care had already been addressed by primary
care coverage and Rede Cegonha. Consequently, there
was no significant difference in these outcomes compar-
ing BF and non-BF recipients. However, extremely PTB
remained a “less preventable” outcome. This implies that
this particular outcome cannot be randomly mitigated;
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instead, it requires the provision of prenatal care, facili-
tating timely referrals for high-risk pregnancies.

To the best of our knowledge, our results add to the
scant evidence base on the influences of social policies
on PTBs concentrated on low-income populations in
high-income countries. Three Canadian studies which
evaluated an unconditional cash transfer programme -
the Healthy Baby Prenatal Benefit - in low-income preg-
nant women [26] and indigenous women [40, 41] found
a lower likelihood of a PTB [adjusted relative risks (aRR):
0.76; 95% CI: 0.69—-0.84 [26], aRR: 0.78; 95% CI: 0.65-0.94
[40], and aRR: 0.77; 95% CI: 0.68—0.88 [41], respectively].
In the US, the participation of expectant mothers in the
Special Supplemental Nutrition Program for Women,
Infants, and Children (WIC) decreased the likelihood of
a PTB (adjusted OR: 0.87; 95% CI: 0.86—0.87) [42]. Nev-
ertheless, the EITC, recognized as the largest and most
effective antipoverty program for families in the US, has
shown a positive impact across racial and ethnic sub-
groups, leading to a decreased incidence of low birth
weight and improvements in both mean birth weight
and gestational duration [38, 39]. These studies did not
address conditional programs, evaluate conditionalities,
or explore the severity levels of PTBs. The differential
which favours these studies in relation to our research
was the long follow-up period and availability of an
extensive array of maternal pre-and postnatal biological
and social risk factors rarely available in administrative
data.

The only study that found evidence on CCT on PTB
in an LMIC was recently published in Brazil [43]. It
indicated a higher probability of grandmothers receiv-
ing BF support during their childhood (measured as the
prevalence of BF in the decade before child’s birth) being
associated with a lower probability of low and very low
birth weight. However, no trend was noted for PTB.
Despite this, in households where the mother received
BE, children were slightly less likely to be born preterm
(OR 0.98, 95% CI; 0.97-0.99) - although the coefficient
and the 95% confidence interval are close to one - or
extreme preterm (OR 0.93, 95% CIL 0.88-0.97). While
we did not find a significant association with the overall
PTB group, our study revealed a notably stronger asso-
ciation with extreme PTB. This is possibly a consequence
of the difference in methodological strategy, due to the
definition of PTB outcomes and study population. It is
crucial to note that they included all live births between
2011 and 2015 from both primiparous and multiparous
mothers, thereby equalizing the program’s effect across
different birth orders. Considering the pronounced asso-
ciations between primiparity [48, 49], a higher number
of pregnancies [49], multiple births [54], and congenital
malformations [53] with PTB, these factors might have
diluted the observed effect of the programme. It remains
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challenging to determine the extent to which this asso-
ciation can be solely attributed to the program or may be
confounded by other factors. On the other hand, a lon-
ger exposure time to the program can positively influ-
ence better birth outcomes [71]. Consequently, it is not
recommended to disregard the order of births by mix-
ing, for instance, the first births after the mother’s enroll-
ment and those born subsequently from the same mother
throughout the follow-up.

The BF CCT might affect PTB through different
mechanisms (Fig. 2). First, the income transfer increases
household income, and improves nutrition, mitigat-
ing the effect of stressful life events. Second, by fulfill-
ing the health conditionality, BF can improve access to
and utilization of health services, strengthening ben-
eficiary families’ contact with health services, especially
primary health care; reducing barriers and improving
prenatal visits, thereby amplifying the monitoring and
treatment of comorbidities; facilitating timely referrals
for high-risk pregnancies; and ensuring the provision of
adequate assistance during childbirth. Third, the syner-
gistic effect of these results may decrease the occurrence
of PTBs [72]. Furthermore, the education and health-
related conditionalities of BF encompass the require-
ment that all children must attend a minimum of 85% of
school days, children aged 0-7 years and pregnant and
lactating women must attend routine medical check-ups
to monitor nutritional status and adhere to the national
vaccination schedule. These conditionalities are based on
the idea that making benefits conditional upon positive
behaviours can further increase the chance of families
breaking out the intergenerational cycle of poverty and
inequalities through increased education, or improved
health. For instance, increasing school attendance, and
consequently improving educational levels, can also lead
to improving the quality of social networks, i.e. reducing
opportunities for certain types of crime and risky behav-
iour. The effect of increased use of health care has been
suggested to extend beyond the individuals directly tar-
geted by the programme [73].

Even though it is a conditionality, the effect of BF on
PTB outcomes may vary according to prenatal care lev-
els due to the non-immediate verification of compliance.
While it is plausible that families adhering to BF condi-
tionalities are more likely to comply with health care
appointments compared to those not receiving BF, we
do not expect this relationship to substantively confound
the observed associations. Families are eligible for the
BF benefit based on their socioeconomic need, and they
would only lose the benefit after a minimum of two years
of non-compliance with the conditions.

A recently published study on the effect of BF on
birth weight-related outcomes [32] explored its associa-
tion across subgroups based on attendance at prenatal
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appointments. The observed associations - increased
birth weight and decreased odds of low birth weight
among BF mothers who attended fewer prenatal appoint-
ments - suggested that beneficiaries and non-beneficia-
ries may share more similarities in characteristics not
observed in subgroups of mothers at higher risk. These
findings align with a recent review on CCTs and child
health in LMICs, revealing considerable heterogeneity
among subgroups based on socioeconomic status indica-
tors [29].

As previously mentioned, given our primary findings
and the substantial sample size, we chose to investigate
the association between receiving BF during pregnancy
and PTBs outcomes across subgroups based on prena-
tal care adequacy and municipal DMI, despite the lack
of statistical significance in the interaction analysis.
The analyzed prenatal care subgroups exhibited a trend
consistent with our primary findings, suggesting that
undergoing prenatal care, even if inadequate, has the
potential to decrease the occurrence of extreme PTB.
This reduction was even more pronounced in mothers
who underwent adequate prenatal care. As extreme PTB
is an outcome commonly associated with high-risk preg-
nancies, requiring timely healthcare assistance for early
identification and referral within the health network, it
is implied that BF recipients who adhere to healthcare
appointments (serving as a marker for program par-
ticipation, given the conditionality of BF) may experi-
ence a lower occurrence of extreme PTB compared to
non-recipients, thereby enhancing programme manage-
ment. In addition, we found evidence that being a BF
recipient during pregnancy is associated with a lower
risk of extreme PTBs across tertiles of municipal DMI
- a broader contextual indicator that measures the qual-
ity of BF and CadUnico administration. Consistent with
our hypothesis, this association was stronger for benefi-
ciaries living in municipalities where the programme has
been best administered. In these cities, beneficiary chil-
dren had lower odds of being born extremely preterm
than their non-beneficiary counterparts. This heightened
effect may be attributable to better-managed munici-
palities demonstrating greater adherence to program
conditions, leading to increased inclusion of families in
extreme poverty. Consequently, these municipalities
provide enhanced access to, and superior quality of, pri-
mary health care. Within such well-organized health ser-
vices with better resource allocation, more effective
care ensues, ensuring that high-risk pregnancies receive
appropriate and timely attention. This observation is
particularly noteworthy within the context of the 100 M
Brazilian Cohort, representing the most economically
disadvantaged half of the nation. It underscores the piv-
otal significance not only of the presence but also the
quality of poverty-alleviating policies when targeting
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health promotion among vulnerable populations. Our
findings resonate with previous studies that underscored
the dependence of cash transfers effect on implementa-
tion quality and management indicators [35, 74], rein-
forcing the validity and importance of our results.

Strengths and limitations

Our study has notable strengths. First, we used pro-
pensity score-based approaches to evaluate the effect of
BF on the first singleton birth following enrollment on
CadUnico. The study was based on a previously defined
and published research protocol [46], providing transpar-
ency in conducting data analysis and comparability of the
results. Second, we emphasize that comprehending this
standardized categorization of PTB facilitates cross-pop-
ulation and research comparisons, thereby contributing
to the formulation of health policy guidelines. Moreover,
it plays a crucial role in guiding patient care strategies to
prevent preterm-related morbidity and mortality [75].
Third, although our database reflects the poorest families
in Brazil eligible for social programs, there were note-
worthy distinctions between both eligible BF and non-BF
groups, especially in terms of sociodemographic char-
acteristics. These differences suggest that the benefits
were targeted towards the most vulnerable. Therefore, we
applied a robust analytical approach using kernel-based
PS weighting and IPTW, to address observed confound-
ing factors. Beneficiary and non-beneficiary groups were
well-balanced in terms of covariate distributions, con-
firming our key findings through two subgroup analy-
ses. Fourth, the linkage was performed with a robust and
accurate algorithm, developed in-house by a specialized
team [56-58].

The limitations should be considered. While the 100 M
Cohort serves as a robust repository of sociodemographic
information, it exclusively includes data from the low-
and extremely low-income half of the population. Con-
sequently, the results may not be fully representative of
the entire population. Moreover, the approach employed
could potentially underestimate the impact, as it may not
account for women or families facing even greater dis-
advantaged who have not applied for the program. The
external validity of the study was affected by the choice
of the population since we only consider one child per
woman. BF is used as a binary variable, and nuances
related to the value received and levels of poverty were
not investigated. Since we evaluated only live births, the
highest rates of extreme PTB among non-beneficiaries
may be due to the beneficiary had more stillbirths (that
are not considered in the analyses). It is plausible that
outcomes associated with stillbirths and spontaneous
abortions are attenuated when analysing the association
of BF with PTB in more homogeneous subgroups. As this
is a study with secondary data, important unmeasured
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factors could not be included, such as family income,
comorbidities, and complications during pregnancy (i.e.,
infections, placental abruption, pre-eclampsia, smoking,
alcohol, and drug use by the mother), maternal nutri-
tional status, or whether the delivery was spontaneous or
by medical indication. We have attempted to minimize
this by using different analytical approaches and per-
forming subgroups and sensitivity analyses to strengthen
the evidence produced.

Conclusions

We provide new evidence that CCT programmes such
as the BF, which supports vulnerable pregnant women,
has been associated with lower rates of extreme preterm
births, including those receiving adequate prenatal care
and living where the programme is properly managed.
This was the first assessment of the association between
BF pregnant women and the highest severity of preterm
births, based on large volumes of individual-level data
and whereas only the first live child of a multiparous
mother was included during the follow-up period. Public
health and social inclusion policies are not only essential
tools to improve the well-being of poor families, but also
essential components to achieve the Sustainable Devel-
opment Goals (SDGs), directly related to the eradica-
tion of poverty (Goal 1) and the reduction of inequality
between and within countries (Goal 10), and indirectly to
health and wellbeing (Goal 3) and access to justice, public
security, and the promotion of a peaceful society (Goal
16). We also highlight the need to assess the association
between participation in the BF and the occurrence of
stillbirths, abortions, and infant survival.
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