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Perinatal health outcomes of offspring of internal migrant
women according to human development index: a registry-
based cohort study of over 10 million live births from Brazil
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Summary

Background Migration, driven by factors like poverty, violence, and natural disasters, is a key social determinant of
health. While international migrants often have worse perinatal outcomes, research on perinatal health differences
between internal migrants and non-migrants remains limited. We aimed to determine whether the offspring of
women who migrate within Brazil experience poorer perinatal outcomes than those of non-migrants, according to
the Human Development Index (HDI) of their municipalities of origin and destination.

Methods We used the CIDACS Birth Cohort, consisting of women applying for social programmes in the Unified
Registry for Social Programmes Cadastro Unico linked with live births and mortality registries. We included live
births conceived from March 2010 to February 2018. Internal migrants were women who changed their state of
residence from registration in CadUnico to the birth of the child. We derived risk ratios (RR) of migration’s effect
according to HDI of residence before and after migration using logistic regression.

Findings We included 10,184,021 births in the study, with 5.7% of these births from women who were internal
migrants. The offspring of women who migrated to municipalities with equal/higher HDI (80% of migrations),
exhibited a decreased risk of preterm births (RR: 0.94, 95% CI: 0.93-0.95), low birth weight (RR: 0.94, 95% CI:
0.92-0.95) and small for gestational age (RR: 0.92, 95% CI: 0.91-0.93), but higher risk of congenital abnormalities
(RR: 1.14, 95% CI: 1.10-1.18). The offspring of women who migrated to municipalities with lower HDI had delayed
access to healthcare and worse outcomes except for a lower risk of low birth weight (RR: 0.94, 95% CI: 0.92-0.96).

Interpretation Offspring of those migrating to municipalities with equal/higher HDI tend to have better perinatal
outcomes, whereas migrants to lower HDIs have a similar pattern to non-migrant women.
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Introduction and the local population at their destination. This phe-

Migration is a social determinant of health, as people
migrate to seek better living conditions, to escape
poverty, violence, and natural disasters, among other
factors.! Evidence indicates that international migrants
typically experience better health and lower overall
mortality than those who remain in their home country

nomenon is known as the “healthy migrant effect”.
However, migration itself can have long-lasting conse-
quences on someone’s physical and mental health,' and
migrants often encounter discrimination and challenges
in accessing healthcare systems in their new locations.”
Among pregnant international migrants, these
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Research in context

Evidence before this study

Most individuals migrate to seek improved living conditions;
however, they often encounter significant challenges such as
stigma, discrimination, and barriers to accessing healthcare.
To assess the existing evidence on perinatal health outcomes
among migrant populations, we conducted a comprehensive
search of PubMed using the following terms: ((Transients and
Migrants [MeSH Terms]) OR (Emigration and Immigration
[MeSH Terms]) OR “displaced” OR “displacement”) AND
(“Infant Mortality” [MeSH Terms] OR “Pregnancy Outcome”
[MeSH Terms] OR “Prenatal Care” [MeSH Terms] OR
“Maternal Health Services” [MeSH Terms] OR “Low Birth
Weight” OR “Small for Gestational Age” OR “Premature Birth”
OR “Apgar Score” OR “Congenital Abnormalities”). Our search
yielded 1104 articles published since 1990. Of these, 11
studies (4 from China, 3 from Sub-saharian Africa, 2 from the
United States (US), 1 from Guatemala and 1 from Myanmar
conducted specifically examined perinatal health outcomes
among internal migrant women in comparison to non-
migrants. The findings from these studies are mixed. Seven
studies reported that internal migration was associated with
improved perinatal outcomes, including lower rates of
preterm birth and low birth weight, as well as increased
utilisation of health services. Conversely, two studies indicated
poorer outcomes for migrant women, such as a higher risk of
under-five mortality and lower healthcare utilisation. The
remaining two studies found no significant differences
between migrant and non-migrant women in terms of
perinatal outcomes. Notably, none of the studies adjusted for
differences in the level of social or economic development of
origin and destination of migrants. Additionally, only one
focused on Latin America, and involved fewer than 2000
women, highlighting a significant knowledge gap in this
region.

challenges can lead to worse perinatal health outcomes,’
such as increased risks of stillbirth, perinatal and
neonatal mortality and delayed or poorer access to pre-
natal care than native-born.** However, many of these
effects are modified by factors such as the migrant’s
origin, educational level, time since arrival and study
setting,»*** and they reflect both the characteristics of
migration and the socioeconomic conditions and access
to healthcare available to migrants in the place of arrival.

In low-and middle-income countries (LMICs), rural-
to-urban migrants often experience poorer perinatal
outcomes and higher maternal or child mortality rates
than non-migrants,” which is likely to reflect both the
characteristic of migration and the living and healthcare
conditions in the place of arrival. While individual social
networks can play a key role in one’s decision to
migrate,”® after migrating, individuals can lose social
support and experience increased poverty and increased

Added value of this study

Our research provides compelling evidence on the effects of
internal migration by analysing a large, representative
Brazilian cohort of over 10 million women using two study
designs: a cohort and a sibling study. Unlike previous research,
our analysis accounted for differences in the Human
Development Index (HDI) between migrants’ origin and
destination municipalities. We found that women who
moved to municipalities with higher HDI had lower rates of
preterm birth and small for gestational age newborns.
Women who migrated to cities with lower HDI, on the other
hand, had adverse perinatal outcomes at rates comparable to
those of non-migrant women. Furthermore, our findings
show that the positive effects of migration are concentrated
in areas with higher HDI and more nurses per capita.

Implications of all the available evidence

This study adds to the existing body of literature on the
perinatal health of migrant women by providing a more
detailed and nuanced understanding of the impact of internal
migration. In addition, our study is the first of its kind in the
context of Latin America. Our findings suggest that key
aspects in the destination municipality (e.g., economic and
health infrastructure or quality of healthcare) are critical in
determining perinatal outcomes for migrant women,
reinforcing the idea that upscale migration can lead to better
health whilst downscale migration can lead to poorer
outcomes. These findings highlight the need for additional
research into the motivations for migration and post-
migration living conditions that influence perinatal health
outcomes.

anxiety, resulting in adverse mental and perinatal
mental health outcomes.""'” However, the understand-
ing of the differences in perinatal health outcomes be-
tween internal migrants and non-migrants is limited.
Brazil has a universal healthcare system, but there
are significant disparities in service quality, particularly
in poorer areas that struggle to meet local healthcare
demands. As a result, some residents rely on healthcare
infrastructure from other areas.” In Brazil, according to
the 2010 Census, there are approximately 28 million
lifetime internal migrants (i.e., defined as individuals
living in a different state from the one in which they
were born)." Although the reasons for migration can be
diverse, in Brazil, recent migration fluxes continue to be
towards wealthy areas of Brazil, with new migrations
fluxes to growing municipalities in the North, central-
west and Northeast, intensifying short-distance flows
(i.e., within states).” However, migration fluxes in
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Brazil are likely to be largely underestimated due to
migrations of return—when individuals return to their
original place of birth. Despite this large migrant pop-
ulation,’ there is limited understanding in Brazil and
Latin America regarding the impact of the migration
process on internal populations, according to an in-
dividual’s origin and destination, and on whether it af-
fects perinatal care compared to before migration or
non-migrant populations.

Here, by using linked data of the poorest half of
Brazilians applying for social programmes in the
country,” we (i) evaluated the characteristics of women
giving birth who are internal migrants in Brazil, (ii)
investigated whether offspring of internal migrant
women in Brazil have poorer perinatal outcomes
compared to non-migrant Brazilians and (iii) investi-
gated whether the risk of poor perinatal outcomes in
offspring of internal migrant women differs based on
their migration to municipalities with equal/higher or
lower Human Development Index (HDI) than their
original municipalities.

Methods

Study design and datasets

We conducted a cohort study using live births in Brazil
from the CIDACS Birth Cohort from 1st January 2011
to 31st December 2018.* This cohort was built from
harmonised and compiled data on individuals first
applying for social programmes in the Unified Registry
for Social Programmes Cadastro Unico-CadUnico) to
create an open cohort of now over 130 million in-
dividuals named the 100 Million Brazilian Cohort. The
100 Million Brazilian Cohort” was then linked with
nationwide live births from the Live Births Information
System (Sistema de Informagdo de Nascidos Vivos—
SINASC) and mortality registries from the Mortality
Information System (Sistema de Informagdo em Mortal-
idade—SIM) to create the birth cohort. The linkage was
conducted by an expert team of researchers and the
unidentified database provided in a haven for analysis.
The specific information regarding the linkage of three
databases was previously published."

For this analysis, we extracted detailed individual
self-reported socioeconomic and demographic infor-
mation of women at the time of enrolment/application
in CadUnico, which for this study varied from 1st
January 2011 to 31st December 2018. From SINASC, we
extracted demographic information on the mother at the
time of delivery and information on prenatal care and
on the live birth. From SIM we extracted information on
the day and cause of death among live births.

Participants

We excluded (i) births that took place prior to 22 weeks
or after 44 weeks of gestation, or with a birthweight
below 500g; (i) twins or multiple births; (iii) births
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without a documented place of residence; (iv) births to
women aged less than 10 years old and to women aged
more than 49 years; and (v) births to women born
outside Brazil; (vi) births with data inconsistencies, such
as conception dates of consecutive births occurring less
than 220 days apart or records with different birth dates
of the mother across databases. To mitigate fixed cohort
bias,” we looked specifically at live births from preg-
nancies with estimated conception dates between March
1, 2010 and February 1, 2018. Given a gestation period
of 40 weeks, pregnancies that commenced on February
1, 2018 would result in deliveries on November 8, 2018.
This timeline provided a minimum of 28 days for post-
birth follow-up. The estimated date of conception was
calculated as the birth date minus the gestational age,
which was determined using either ultrasound, last
menstrual period or clinical examination.

Exposure and covariates

The main exposure was whether the mother was an
internal migrant or not. The definition of an internal
migrant was a woman who moved from the State where
she lived when enrolled in CadUnico. Although migra-
tion was defined at the State level, we used the munic-
ipality of registration and the municipality of birth
Human Development Index (HDI) to stratify the expo-
sure.”’ The HDI is calculated by combining three key
dimensions: health, measured by life expectancy at
birth; education, assessed through average years of
schooling for adults and expected years of schooling for
children; and standard of living, represented by gross
national income per capita. Each dimension is normal-
ised on a scale from 0 to 1, and then averaged to produce
the HDI. We stratified the migration group based on the
difference in HDI between the municipality of enrol-
ment in the CadUnico and the municipality of delivery
of the newborn, each pregnancy was classified as non-
migrant, migration to an equal/higher HDI or migra-
tion to lower HDI. We further stratified each category
(lower or equal/higher HDI) by the difference in HDI
<0.1 and > 0.1. Supplementary Figure S1 shows the
geographic and administrative divisions of Brazil and
the distribution of HDI across the country.
Supplementary Figure S2 shows the distribution of
differences in HDI across the migrant groups.

The variables to include in the outcome model were
selected based on the disjunctive cause criterion, that is
any pre-exposure covariate that is a cause of the expo-
sure, or the outcome, or both.”? Our assumptions
regarding the relationships among the variables are
shown in Supplementary Figure S3.

The propensity score model included: date of regis-
tration in CadUnico, state of residency, state of cohort
registry different from birth, location of household (ru-
ral or urban area), material of household (masonry/
brick, coated or uncoated Taipa, wood, other), water
system (public system, well or other), waste disposal/
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garbage collection, HDI of the municipality, age, edu-
cation level, race/ethnicity. All variables were measured
before the pregnancy.

The outcome model included: the age of the mother,
state of residence, number of antenatal visits, education
level, year of conception, number of previous pregnan-
cies (0 or >1), receipt of conditional cash transfer
benefit, marital status, and previous foetal loss. All var-
iables were measured at the time of the child’s birth.

Outcomes

We examined perinatal outcomes that could be associ-
ated with access and quality of healthcare, including (i)
timely initiation of antenatal care (at least one antenatal
appointment within the first trimester), (i) preterm
(gestational age <37 weeks), (iii) low birth weight (LBW;
birth weight <2500g), (v) small for gestational age (SGA;
weight below the 10th percentile for gestational age and
sex), (vi) low Apgar score (Apgar score below 7 at 5 min
after birth), (vii) congenital anomaly at birth, and (viii)
neonatal mortality (death up to 28 days of life). We
categorised the size of newborns as small, appropriate,
or large for their gestational age by utilising sex-specific
curves from the INTERGROWTH-21st Consortium for
singleton births.”

Statistical analysis

We assessed the effect of migration on the offspring of
mothers according to the HDI of municipalities they
migrated from and to by comparing each group to the
offspring of women who did not migrate. We utilised
inverse probability weights (IPW) derived from a
generalised boosted model to calculate the probability of
being a migrant.”* Separate weights were calculated for
each subgroup comparison (i.e., migration to munici-
palities with equal/higher HDI or lower HDI vs non-
migrants) using the following baseline socioeconomic
covariates recorded at baseline. The main objective was
to examine the marginal average treatment effect on the
treated (ATT) of the outcomes. The treatment effect
sizes, and their corresponding 95% confidence intervals
(95% CI) were calculated using a weighted logistic
regression model. We included cluster robust (sand-
wich) standard errors (SEs) to account for multiple
births from the same mother. We calculated the risk
ratio (RR) by adjusting for weights and incorporating
variables from the live birth database (SINASC). The RR
was derived using regression standardisation and SE
was derived using the delta method.” Missing data in
the covariates was addressed in the main analysis by
utilising a missing indicator.

Robustness checks: migration between pregnancies
using a sibling analysis

To assess the robustness of our results and control for
potential unmeasured confounding related to the
mothers, we implemented a sibling design, restricting

the sample to women with more than one live birth
during the study period. We used the same set of in-
clusion and exclusion criteria of the primary analysis.
Each woman’s live birth was classified according to
mother condition: non-migrant, migration to an equal/
higher HDI or migration to lower HDI, the reference
group was the non-migrant. We employed conditional
logistic regression to calculate the conditional Odds
Ratio (OR) and incorporated the mother’s age, year of
conception, order of birth, education level, and marital
status as covariates in the outcome model.

Sensitivity analysis

We also conducted three sensitivity analyses. First, we
estimated the RR for the association between migration
and perinatal outcomes using a continuous difference in
HDI (i.e., 0.1 intervals) to see if the magnitude of the
effect varies when differences in HDI of the munici-
pality of origin and arrival differ more. Second, to verify
the potential introduction of bias due to classifying
missing data as an indicator, we assumed that missing
could be at random and used multiple imputation by
chained equations using a fully conditional specification
with five imputed datasets using the within approach to
combine the propensity scores. Third, to understand
how much the effects could be related to the availability
of healthcare in the municipality at birth, we further (i)
calculated the effects of migration accounting for the
going to municipalities with equal/higher or lower
standardised number of nurses per 1000 inhabitants for
the year of birth*; and (ii) included the HDI of the
municipality of residence at birth as a covariate in the
outcome model, modelling as a spline. The analysis was
conducted in R 4.3.1, using the packages “Weightlt”,
“fixest” and “marginaleffects”.

Ethics

The CIDACS Birth Cohort and this study received
approval from the ethics committees at Instituto Gon-
¢alo Muniz—Oswaldo Cruz Foundation (Ref 3.551.787/
2021 and 4.534.397/2021); and from The London School
of Hygiene and Tropical Medicine (Ref 22,817/2021 and
22,771/2021).

Role of funding source

The funders of the study had no role in study design,
data collection, data analysis, data interpretation, or
writing of the report.

Results

The study included 10,184,021 live births from
8,655,897 women. Among live births, 9,603,945 (94.3%)
were from non-migrant women, while 580,076 (5.7%)
were from internal migrant women. Most internal
migrant women (458,002; 78.9%) moved to municipal-
ities with an equal/higher HDI (Fig. 1). At baseline,

www.thelancet.com Vol 43 March, 2025


http://www.thelancet.com

Articles

Records of live births with estimated conception date from
March 01, 2010 up to February 01, 2018

N = 11,877,715

Excluded live births:
1,363,420 live births that occurred before
mother was registered in the 100 Million Brazilian Cohort
24,407 live births without a fetal
viability criterion (<500g or born before 22 gestational weeks)
606 mothers aged Age <10 or 250
208,919 non-singleton births
3,446 missing data on municipality of residence
83,879 data inconsistencies
(mismatch between mother date of birth in SINASC and CadU)
9,017 immigrants

-

Y
Migrant
Live births: 580,076

g
Women(N=536,889)
J

Live births included
N=10,184,021
Women (N=8,655,897)

A 4

Non-migrant
Live births: 9,603,945

Women (N=8,119,008)

Live births: 458,002
Women(N=424,302)

Live births: 122,074
Women(N=112,587)

[Migrant to Higher HDI municipality} [ Migrant to Lower HDI municipality J

Fig. 1: Selection of the study participants.

most women who migrated to municipalities with higher
HDI resided in the Northeast region (66.0%) and in rural
areas (39.3%) compared to non-migrants (24.6%) and
migrants to lower HDI municipalities (15.2%) (Table 1,
Fig. 2). Conversely, women moving to municipalities with
lower HDI were mainly from urban areas (84.8%) and
lived in the Southeast region (36.0%). Regarding sanitation
conditions, migrants to higher HDI areas had lower access
to basic sanitation services, such as sewage systems and
waste collection at baseline, compared to those moving to
lower HDI municipalities and non-migrants (Table 1). The
inverse probability weighting resulted in a satisfactory
balance across all baseline variables (standardised mean
differences <0.1) (Supplementary Figure S4).

Compared with non-migrant women, live births to
women migrating to equal/higher HDI municipalities
had a lower risk of being LBW (RR: 0.94 [95% CI
0.93-0.95]), preterm (RR: 0.94 [95% CI 0.93-0.95]), and
SGA (RR: 0.92 [95% CI 0.91-93]) (Fig. 3-cohort study).
However, they presented a higher risk for congenital
abnormalities (RR: 1.14 [95% CI 1.10-1.18]). The most
common causes of congenital abnormalities were
congenital malformations and deformations of the
musculoskeletal system in all groups, however, among
migrants to higher HDI municipalities, the prevalence
of congenital malformations of the circulatory system
was higher than that in migrants to lower HDI and non-
migrant (0.13%, 0.04% and 0.06% respectively)
(Supplementary Table S1). When looking at continuous
differences in HDI, we observed a suggestive trend in
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the effect especially for congenital abnormalities, pre-
term birth and SGA (Supplementary Figure S4).

Births from women who migrated to lower HDI
municipalities had similar risks of perinatal outcomes as
non-migrant women, except for a lower risk of LBW (RR:
0.94 [95% CI 0.92-0.96]) and a higher risk of neonatal
death (RR: 1.07 [95% CI 1.00-1.15) (Fig. 3). The analysis
stratified by changes in HDI scores of municipalities
(0.1 or >0.1) suggested dose-dependent behaviour, with
the group migrating to municipalities with >0.1 higher
HDI having lower risks of LBW (RR: 0.95 [95% CI
0.93-0.97]), prematurity (0.94 [0.92-0.95]), and small for
gestational age (0.90 [0.89-0.92]) (Supplementary
Table S2 and Supplementary Figure S5). In contrast,
women who migrated to municipalities with <0.1 lower
HDI had a higher risk of SGA (RR: 1.05 [95% CI
1.02-1.09]) and a low Apgar 5’ score (1.12 [1.01-1.23]).

The sibling analysis supported the main results but
showed larger effects overall and a substantially lower
risk of delayed antenatal care (OR: 0.87 (95% CI:
0.84-0.90)) and neonatal death (OR: 0.83 [95% CI:
0.71-0.97]) for women migrating to equal/higher HDI
municipalities compared to the live births of non-
migrant women; while those migrating to municipal-
ities with lower HDI had a higher risk of neonatal death
(OR: 1.33 (95% CI: 1.03-1.72)). In addition, newborns
from women who migrated to equal/higher HDI mu-
nicipalities had a higher risk of being LBW (OR: 1.09
[95% CI 1.03-1.16]) (Fig. 3 and Supplementary
Tables S3 and S4).
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Characteristic Equal/Higher® HDI Lower HDI Non-migrants Overall
N = 458,002 N = 122,074 N = 9,603,945 N = 10,184,021
No. women 424,302 112,587 8,119,008 8,655,897
Mother’s demographic characteristics at cohort baseline
Age years; median (IQR) 16 (12, 20) 17 (12, 23) 17 (12, 22) 17 (12, 22)

Education level
No school
Nursery
Infant school (learning to read/write)
Middle school 1
Middle school 2
High school
Higher education
Missing
Race/ethnicity
White
Black
Mixed
Asian
Indigenous
Missing
Mother's living conditions at cohort baseline
Water system
Public system
Water well
Other
Missing
Material of the household
Masonry/brick
Coated Taipa
Uncoated Taipa
Wood
Other
Missing
Location of household
Urban
Rural
Missing
Household type
Permanent (independent of ownership)
Improvised (e.g., shacks)
Collective (household occupied by multiple families)
Other
Missing
Waste disposal/garbage collection
Collected direct/indirectly
Burned or buried
Open air dump
Other
Missing
State of cohort registry different from birth
Missing
Municipality HDI—CadUnico enter

18,509 (4.0%)
3525 (0.8%)
4061 (0.9%)
121,616 (27%)
150,967 (33%)
58,300 (13%)
1624 (0.4%)
99,400 (22%)

97,272 (21%)
26,163 (5.7%)
283,107 (62%)
1876 (0.4%)
1591 (0.3%)
47,993 (10%)

246,161 (54%)
128,157 (28%)
47,667 (10%)

36,017 (7.9%)

263,638 (58%)
23,914 (5.2%)
22,677 (5.0%)
48,415 (11%)
63,329 (14%)
36,029 (7.9%)

258,287 (56%)
167,355 (37%)
32,360 (7.1%)

406,915 (89%)
2063 (0.5%)
235 (<0.1%)
8965 (2.0%)
39,824 (8.7%)

237,331 (52%)
116,056 (25%)
63,754 (14%)
4853 (1.1%)
36,008 (7.9%)
86,191 (19%)
10,592 (2.3%)
0.61 (0.57, 0.67)

5889 (4.8%)
1318 (1.1%)
985 (0.8%)
33,895 (28%)
38,830 (32%)
16,307 (13%)
836 (0.7%)
24,014 (20%)

37,461 (31%)
8001 (6.6%)
65,527 (54%)
413 (0.3%)
629 (0.5%)
10,043 (8.2%)

86,513 (71%)
19,038 (16%)
7315 (6.0%)
9208 (7.5%)

85,488 (70%)
2460 (2.0%)
2187 (1.8%)
16,980 (14%)
5752 (4.7%)
9207 (7.5%)

96,584 (79%)
17,286 (14%)
8204 (6.7%)

104,930 (86%)
603 (0.5%)
104 (<0.1%)
5022 (4.1%)
11,415 (9.4%)

93,300 (76%)
13,381 (11%)
4589 (3.8%)
1600 (1.3%)
9204 (7.5%)
51,579 (42%)
4211 (3.4%)
0.75 (0.70, 0.79)

494,408 (5.1%)
108,560 (1.1%)
105,725 (1.1%)
2,626,528 (27%)
2,972,815 (31%)
1,676,979 (17%)
80,214 (0.8%)
1,538,716 (16%)

2,707,899 (28%)
716,756 (7.5%)
5,381,008 (56%)
34,890 (0.4%)
90,179 (0.9%)
673,213 (7.0%)

6,334,017 (66%)
2,032,063 (21%)
782,768 (8.2%)
455,097 (4.7%)

6,579,064 (69%)
295,700 (3.1%)
291,284 (3.0%)
1,325,113 (14%)
657,629 (6.8%)
455,155 (4.7%)

6,988,461 (73%)
2,275,200 (24%)
340,284 (3.5%)

8,661,260 (90%)
79,747 (0.8%)
9359 (<0.1%)
267,556 (2.8%)
586,023 (6.1%)

6,689,097 (70%)
1,700,541 (18%)
645,713 (6.7%)
113,453 (1.2%)
455,141 (4.7%)
942,759 (9.8%)
717,876 (7.5%)
071 (0.62, 0.76)

518,806 (5.1%)
113,403 (1.1%)
110,771 (1.1%)
2,782,039 (27%)
3,162,612 (31%)
1,751,586 (17%)
82,674 (0.8%)
1,662,130 (16%)

2,842,632 (28%)
750,920 (7.4%)
5,729,642 (56%)
37,179 (0.4%)
92,399 (0.9%)
731,249 (7.2%)

6,666,691 (65%)
2,179,258 (21%)
837,750 (8.2%)
500,322 (4.9%)

6,928,190 (68%)
322,074 (3.2%)
316,148 (3.1%)
1,390,508 (14%)
726,710 (7.1%)
500,391 (4.9%)

7,343,332 (72%)
2,459,841 (24%)
380,848 (3.7%)

9,173,105 (90%)
82,413 (0.8%)
9698 (<0.1%)
281,543 (2.8%)
637,262 (6.3%)

7,019,728 (69%)
1,829,978 (18%)
714,056 (7.0%)
119,906 (1.2%)
500,353 (4.9%)
1,080,529 (11%)
732,679 (7.2%)
0.70 (0.61, 0.76)

(Table 1 continues on next page)
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Characteristic

Equal/Higher® HDI

Lower HDI

Non-migrants

Overall

N = 458,002

N = 122,074

N = 9,603,945

N = 10,184,021

(Continued from previous page)

North
Northeast
Southeast
South

Central west

Age at pregnancy
10-17
18-24
25-29
30-34
35-49

None
1-3
4-6
=7
Missing
Pregnancy—Geographical region
North
Northeast
Southeast
South
Central west
Education level at birth
None
13
4-7
8-11
>12
Missing
Pregnancy year
2010
2011
2012
2013
2014
2015
2016
2017
2018
Number of previous pregnancies
0
>1
Missing
Civil status
Single
Common law—Marriage
Married

CadUnico—Register geographical region

Mother’s characteristics at pregnancy and birth

Age at pregnancy-years; median (IQR)

Number of prenatal appointments

47,549 (10%)
302,195 (66%)
53,587 (12%)
32,605 (7.1%)
22,066 (4.8%)

24 (20, 28)

38,077 (8.3%)
207,806 (45%)
126,238 (28%)
59,698 (13%)
26,183 (5.7%)

6797 (1.5%)
30,455 (6.6%)
118,771 (26%)
299,059 (65%)
2920 (0.6%)

39,944 (8.7%)
46,442 (10%)
240,823 (53%)
43,264 (9.4%)
87,529 (19%)

1983 (0.4%)
15,409 (3.4%)
112,798 (25%)
297,757 (65%)
25,103 (5.5%)
4952 (1.1%)

18,484 (4.0%)
56,015 (12%)

82,786 (18%)
107,810 (24%)
101,261 (22%)
41,694 (9.1%)
22,095 (4.8%)
25,603 (5.6%)
2254 (0.5%)

177,104 (39%)
264,562 (58%)
16,336 (3.6%)

227,203 (50%)
140,493 (31%)
82,428 (18%)

14,201 (12%)
30,409 (25%)
43,899 (36%)
14,626 (12%)
18,939 (16%)

24 (20, 30)

14,213 (12%)
49,363 (40%)
27,593 (23%)
18,862 (15%)
12,043 (9.9%)

2254 (1.8%)
10,947 (9.0%)
38,856 (32%)
69,318 (57%)
699 (0.6%)

17,567 (14%)
47,865 (39%)
23,688 (19%)
14,313 (12%)
18,641 (15%)

1214 (1.0%)
6297 (5.2%)
35,341 (29%)
69,931 (57%)
7134 (5.8%)
2157 (1.8%)

6918 (5.7%)
14,850 (12%)
21,130 (17%)
28,230 (23%)
26,029 (21%)
10,882 (8.9%)
6116 (5.0%)
7231 (5.9%)
688 (0.6%)

35,219 (29%)
81,642 (67%)
5213 (4.3%)

52,325 (43%)
44,108 (36%)
22,779 (19%)

1,192,881 (12%)
3,666,218 (38%)
2,980,673 (31%)
1,094,252 (11%)
669,921 (7.0%)

24 (20, 29)

1,116,956 (12%)
3,971,162 (41%)
2,222,512 (23%)
1,418,534 (15%)
874,781 (9.1%)

178,473 (1.9%)
769,666 (8.0%)
2,812,583 (29%)
5,789,567 (60%)
53,656 (0.6%)

1,192,881 (12%)
3,666,218 (38%)
2,980,673 (31%)
1,094,252 (11%)
669,921 (7.0%)

74,186 (0.8%)
416,432 (4.3%)
2,467,218 (26%)
5,920,598 (62%)
567,691 (5.9%)
157,820 (1.6%)

513,054 (5.3%)

1,103,165 (11%)
1,358,224 (14%)
1,518,094 (16%)
1,584,016 (16%)
1,197,776 (12%)
1,085,749 (11%)
1,144,482 (12%)
99,385 (1.0%)

3,055,809 (32%)
6,094,994 (63%)
453,142 (4.7%)

4,555,710 (47%)
2,728,078 (28%)
2,107,086 (22%)

1,254,631 (12%)
3,998,822 (39%)
3,078,159 (30%)
1,141,483 (11%)
710,926 (7.0%)

24 (20, 29)

1,169,246 (11%)
4,228,331 (42%)
2,376,343 (23%)
1,497,094 (15%)
913,007 (9.0%)

187,524 (1.8%)
811,068 (8.0%)
2,970,210 (29%)
6,157,944 (60%)
57,275 (0.6%)

1,250,392 (12%)
3,760,525 (37%)
3,245,184 (32%)
1,151,829 (11%)
776,091 (7.6%)

77,383 (0.8%)
438,138 (4.3%)
2,615,357 (26%)
6,288,286 (62%)
599,928 (5.9%)
164,929 (1.6%)

538,456 (5.3%)

1,174,030 (12%)
1,462,140 (14%)
1,654,134 (16%)
1,711,306 (17%
1,250,352 (12%
1,113,960 (11%
1,177,316 (12%
102,327 (1.0%)

3,268,132 (32%)
6,441,198 (63%)
474,691 (4.7%)

4,835,238 (47%)
2,912,679 (29%)
2,212,293 (22%)

(Table 1 continues on next page)
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Characteristic

Equal/Higher” HDI

Lower HDI

Non-migrants

Overall

N = 458,002

N = 122,074

N = 9,603,945

N = 10,184,021

(Continued from previous page)

Divorced
Widowed
Missing

Previous foetal loss
Missing

Municipality HDI - Pregnancy

HDI difference between municipalities
<0.1
>0.1

Ever received conditional cash transfer (yes)

Characteristics of the newborn

Low birth weight (<25009)

Preterm birth (<37 weeks)

Low Apgar 5 (<7)
Missing

Size for gestational age
Adequate
Small
Large

Delayed antenatal care (Start >3rd month)
Missing

Congenital abnormalities
Missing

Neonatal death (<28 days)

3343 (0.7%)

562 (0.1%)
3973 (0.9%)
77,591 (17%)
29,302 (6.4%)
0.77 (0.73, 0.81)

160,317 (35%)
297,685 (65%)
429,048 (94%)

30,932 (6.8%)
44,185 (9.6%)
4832 (1.1%)
5208 (1.1%)

349,835 (76%)
35,816 (7.8%)
72,351 (16%)
99,062 (22%)
27,559 (6.0%)
4414 (1.0%)
12,600 (2.8%)
2768 (0.6%)

976 (0.8%)

246 (0.2%)
1640 (1.3%)
23,743 (19%)
10,871 (8.9%)
0.67 (0.60, 0.72)

86,243 (71%)
35,831 (29%)
112,567 (92%)

683,735 (7.1%)
13,273 (11%)
1338 (1.1%)
4356 (3.6%)

90,402 (74%)
10,185 (8.3%)
21,487 (18%)
30,904 (25%)
7729 (6.3%)
867 (0.7%)
3919 (3.2%)
64,062 (0.7%)

81,305 (0.8%)
16,696 (0.2%)
115,070 (1.2%)
1,659,741 (17%)
869,872 (9.1%)
0.71 (0.63, 0.76)

8,692,478 (91%)

8167 (6.7%)
1,036,944 (11%)
103,853 (1.1%)
309,291 (3.2%)

7,185,031 (75%)
798,097 (8.3%)
1,620,817 (17%)
2,292,782 (24%)
596,329 (6.2%)
74,253 (0.8%)
240,028 (2.5%)
864 (0.7%)

85,624 (0.8%)
17,504 (0.2%)
120,683 (1.2%)
1,761,075 (17%)
910,045 (8.9%)
0.71 (0.63, 0.76)

9,234,093 (91%)

722,834 (7.1%)
1,094,402 (11%)
110,023 (1.1%)
318,855 (3.1%)

7,625,268 (75%)
844,098 (8.3%)
1,714,655 (17%)
2,422,748 (24%)
631,617 (6.2%)
79,534 (0.8%)
256,547 (2.5%)
67,694 (0.7%)

HDI, Human Development Index; AGA, Adequate for gestational age; SGA, Small for gestational age; LGA, Large for gestational age. The percentages may not sum to 100%
due to rounding values. *The group equal/higher contains 1439 (0.24%) cases of no difference (equal HDI).

Table 1: Sociodemographic and economic characteristics of live births of internal migrant women moving to higher/equal HDI or lower HDI and non-

migrant women.
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Fig. 2: Fluxes of migrant women between cohort entry and childbirth among those who moved to a equal/higher HDI municipality (A)
or to a lower HDI municipality (B) by region of the country. The numbers are expressed in N*1000.
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Delayed antenatal care 1.05(1.00 to 1.11)
(Start >3rd month) Lower 1.01(1.00 to 1.02)
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1.00(0.99 to 1.01)
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0.6 0.8 1.2 14 1.8
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Fig. 3: Risk Ratio of perinatal outcomes of women according to migration to equal/higher or lower Human Development Index mu-
nicipalities by study design. The cohort study is adjusted for date of registration in CadUnico, state of residency, state of cohort registry
different from birth, location of household (rural or urban area), material of household, water system, waste disposal/garbage collection, HDI of
the municipality origin, age, education level, race/ethnicity (Propensity score-inverse probability weighting adjustment, variables measured at
CadUnico registration) and age of the mother, state of residence, number of antenatal visits, education level, year of conception, parity, receipt
of conditional cash transfer benefit, marital status, and previous foetal loss (Outcome model, variables measured at each childbirth). The sibling
study is adjusted for the age of the mother, year of conception, education level, order of birth and marital status. (measured at each childbirth).
Reference group in both study designs is non-migrant women. *Values for the sibling study are presented as Odds ratio.

Our additional sensitivity analysis, utilising multiple
imputation to account for missing data, yielded consis-
tent results for all evaluated outcomes (Fig. 3 and
Supplementary Table S5). Adjusting for HDI of the
municipality of residence at birth showed a significant
discordant result only for a low Apgar 5’ score. In the
model adjusting for HDI, newborns of women who
migrated to higher HDI areas had a higher risk (RR:
1.05 [95% CI 1.02-1.09]), while the model without
adjusting for HDI did not show a significant result
(Supplementary Table S6). Finally, the model classifying
women by the difference in the HDI and number of
nurses per 1000 inhabitants exhibited similar patterns to
the main analysis, except that the increased risk of
neonatal death for those migrating to lower HDI mu-
nicipalities was present only when they also migrated to
municipalities with a lower number of nurses (RR: 1.10
(95% CI: 1.01-1.21) (Supplementary Table S7).
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Discussion

This study investigated whether perinatal outcomes,
including antenatal care, birth-related factors (ie.,
congenital abnormalities, LBW, Apgar score, preterm
birth, SGA) and neonatal mortality, are associated with
internal migration in Brazil. We found that most in-
ternal migration in Brazil occurs towards more devel-
oped areas. Women who migrate to municipalities with
higher HDI are more likely to have poorer socioeco-
nomic conditions prior to migration than those moving
to municipalities with lower HDI and non-migrants. We
found that migration to municipalities with higher HDI
is associated with advantages in perinatal health,
whereas migration to municipalities with lower HDI
presents certain disadvantages. Women migrating to
more developed municipalities (i.e., those with higher
HDI) presented a lower risk of LBW, preterm birth, and
SGA, but a higher risk of congenital abnormalities in a
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dose-dependent pattern in terms of HDI scores. In
contrast, women who migrated to less developed mu-
nicipalities (i.e. those with lower HDI) had a lower risk
of LBW only. Furthermore, in the sibling analysis, we
found that migration to higher HDI was associated with
a lower risk of delayed antenatal care and neonatal
mortality. However, migration to municipalities with
lower HDI was associated with a higher risk of delayed
antenatal care and neonatal mortality.

Few studies have investigated the effects of internal
migration on perinatal health outcomes worldwide.”*
Previous studies reported lower,””” higher”*° or no dif-
ferences® in the use of maternal healthcare services
among internal migrants compared to non-migrants,
lower risk of preterm and low-birth-weight babies,*’
and lower risk of child mortality.* Importantly, whereas
Guatemala rural-to-urban migrants experience greater
prenatal care utilisation,’”” in sub-Saharan Africa rural-to-
rural but not all types of migration are associated with
negative adaptation and poorer maternal healthcare uti-
lisation, which is suggestively linked to lower availability
and poorer healthcare services in rural compared to ur-
ban areas.” In addition, a study evaluating internal mi-
grants to Shanghai, China, reported a higher proportion
of high-risk pregnancies (i.e. with comorbidities, com-
plications, obstetric risk, among others) among internal
migrants than among local mothers.” This finding high-
lights the difficulties faced by internal migrants in
accessing healthcare because the household registration
system restricts access to healthcare and other public
services outside their catchment area.

Our study differs from prior research by considering
the variations in HDI between migrants’ origin and
destination municipalities. Our findings suggest that
migrations relocating to a lower HDI municipality face
major barriers due to the inherently poor quality of
healthcare services, experiencing higher delays in
accessing prenatal care than local mothers. Conversely,
migrants to equal/higher HDI municipalities experi-
ence increased detection of congenital abnormalities.
This finding is likely attributable to the availability of
more structured healthcare and genetic services in
wealthier municipalities and state capitals.” The
increased timely prenatal care and reduced risk of
neonatal mortality, especially when mothers migrate to
more developed municipalities with better healthcare
infrastructure (i.e., more nurses per capita), reinforce
the importance and consistency of the sibling design
and indicate that migration could also be an adaptation
strategy to improve health. However, we should be
careful when interpreting these results as there is a
possibility of ecological fallacy—i.e., the nurses’ avail-
ability in the municipality of residence does not neces-
sarily reflect the access and quality of the healthcare
service provided to the individuals.

Prenatal care is essential for early detection and
treatment of various conditions, including foetal growth

restriction, chronic diseases (e.g., hypertension and
gestational diabetes), infectious diseases (e.g., syphilis),
and other gestational risk factors. Monitoring and
identifying potential risks during the prenatal period are
important for planning the timing of delivery, such as in
a tertiary care centre, thereby increasing the chances of
infant survival.** The Brazilian Universal Healthcare
System (Sistema Unico de Satide) provides free health-
care to all people and has significantly increased access
to perinatal care in Brazil in the past 30 years.”* How-
ever, the decentralisation of funding and implementa-
tion of programmes aimed at improving perinatal care
are dependent on contributions from Federal, State and
municipal levels, which results in substantial variability
in the quality of assistance across Brazil.** Therefore, we
hypothesise that the structure and organisation of local
healthcare services can lead migrant mothers to mu-
nicipalities with lower HDI to have a greater chance of
delays in accessing care than migrant mothers to mu-
nicipalities with higher HDI.

Delays in accessing prenatal care can have lifelong
impacts on pregnancy, birth outcomes, and the early
years of the child’s life. In addition to access to health-
care, social networks at the place of arrival are impor-
tant, so migrants can have access to housing, food and
employment,’*"? and its absence can be particularly
critical for pregnant women who require knowledge of
the health system and security to seek and access timely
prenatal care. The hypothesis that the improved or
decreased access to healthcare could influence internal
migrant health is also supported by the overall similar
risk of neonatal death compared to non-migrants, but
lower risk of neonatal mortality among internal mi-
grants to lower HDI municipalities in the sibling
design. These findings suggest potential improvements
in mothers’ access to healthcare after the migration
process. We didn't find other studies comparing
neonatal mortality according to different types of
migration in other LMICs, but a study looking at mor-
tality trajectories of children from birth to 14 years old in
Kenya and Nigeria found migrant children to have
overall better survival chances than non-migrants.*

The sibling analysis conducted in this study provides
the best causal estimate of the true effect of migration.
Once this study design can adjust to unmeasured con-
founders such as health-seeking behaviour, medical
comorbidities, genetic factors etc., the effect will reflect
the structural changes that the mother will have in their
socioeconomic conditions and access to health care after
migration.””** Despite the sibling study focusing only on
a reduced proportion of our cohort (29%), the results are
fairly consistent with the main analysis using the entire
cohort, reinforcing our findings.

Our cohort also has some limitations. First, although
nearly 14% of the Brazilian population are internal mi-
grants, only 5% of the live births in our cohort were
from internal migrant women. Second, the CIDACS
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Birth Cohort uses administrative data from people
applying for social programmes and has limited gener-
alizability to the poorest part of the Brazilian population.
In addition, our administrative datasets have limited
data on confounding factors for the association between
migration and perinatal outcomes, such as the exact date
and reason for the migration, and data on medical
comorbidities or quality of the perinatal care provided.
In addition, possible changes in socioeconomic status
from enrolment in the cohort and the moment of birth
that were driven by migration are important for further
investigation but were not considered here. Although we
differentiated migration based on differences in HDI
from the place of origin to the destination, it is impor-
tant to note that in the same way, migration can lead to
changes in socioeconomic and health status, the initial
health status at the origin can influence the odds of
migrating and the health outcomes at the destination.
Third, we lack data on stillbirths, and therefore we are
unable to estimate whether migration can lead to losses
of complicated pregnancies, increasing the number of
births of “healthier” children when moving to munici-
palities with higher HDI. Similarly, terminating preg-
nancies with severe congenital problems that may pose
arisk to the mother could be facilitated in municipalities
with higher HDI.

In conclusion, our study extends the literature on
how internal migration may impact perinatal health
inequalities, especially in the contexts of Latin America
and the Global South. Specifically, we found that
migration can either be associated with poorer or
improved perinatal health of migrant populations and
that this is likely to depend on the characteristics of the
place of origin and arrival, such as socioeconomic and
health characteristics. Further research is needed to
understand the drivers of migration and how migration
can act as an adaptation strategy. Our study suggests
that the place of arrival and, consequently, its socio-
economic characteristics and health systems are likely to
play a key role in migrants’ health.
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