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Abstract

Background: Low birthweight (LBW) remains an important global health problem, associated with a range of
adverse life-course health outcomes. Evidence suggests that LBW is a relevant determinant of morbidity and
mortality in indigenous groups, who generally have limited access to public policies on health and nutrition.
Knowledge of the prevalence of LBW and its underlying causes can contribute essential steps to the prevention of
its health effects. The study aimed to estimate the prevalence rates of LBW, prematurity, and intrauterine growth
restriction (IJUGR) and to investigate their determinants in the first indigenous birth cohort in Brazil.

Methods: This cross-sectional study used baseline data collected from the first indigenous birth cohort in Brazil, the
Guarani Birth Cohort. Brazil is one of the most ethnically diverse countries in the world, with 305 indigenous
peoples and 274 native languages. The Guarani are one of the five largest ethnic groups, with villages located
mostly in the southern region. All singleton births from June 1, 2014, to May 31, 2016, were selected in 63 Guarani
indigenous villages in the South and Southeast regions. Hierarchical multiple logistic regression was performed.

Results: Prevalence rates for LBW, prematurity, and IUGR were 15.5, 15.6, and 5.7%, respectively. The odds of LBW were
lower in newborns of mothers living in brick and mortar housing (OR: 0.25; 95%Cl: 0.07-0.84) and were higher in
children of mothers <20 years of age (OR: 2.4; 95%Cl: 1.29-4.44) and with chronic anemia before pregnancy (OR: 641;
95% ClI: 1.70-24.16). Prematurity was statistically associated with the type of energy source for cooking (wood-burning
stove — OR: 3.87; 95%Cl: 1.71-8.78 and bonfires — OR: 2.57; 95%Cl: 1.31-5.01). IUGR was associated with primiparity (OR:
4.66; 95%Cl: 1.68-12.95) and chronic maternal anemia before pregnancy (OR: 7.21; 95%Cl: 1.29-40.38).
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needs and knowledge of the indigenous people.

Prevalence

Conclusions: Maternal age, nutritional status, and parity, housing conditions, and exposure to indoor pollution were
associated with perinatal outcomes in the Guarani indigenous population. These results indicate the need to invest in
access to, and improvement of, prenatal care; also in strengthening the Indigenous Healthcare Subsystem, and in inter-
sector actions for the development of housing policies and sanitation and environmental improvements adjusted to

Keywords: Indigenous population, children’s health, Low birthweight, Premature birth, Intrauterine growth restriction,

Background

Low birthweight (LBW) remains a highly relevant global
health problem, associated with a range of adverse life-
course health outcomes [1]. Birth weight can be deter-
mined by both fetal growth and pregnancy duration [2].
Children with LBW show increased risk of infections [3,
4], delays in growth and physical and cognitive develop-
ment [5], and mortality [6]. The repercussions of LBW
last into adulthood, conferring greater risk of chronic
noncommunicable disease and all-cause and cardiovas-
cular mortality [7]. In addition, studies report direct so-
cioeconomic effects, evidenced by the association with
lower schooling levels, lower employment rates, and
higher dependence on social benefits [8].

The estimated global prevalence of LBW exceeds 15%,
corresponding to some 20 million births. Although this
rate is high, it appears to have been underestimated,
since more than 95% of LBW cases occur in developing
countries and in the most vulnerable populations, where
there is a higher proportion of homebirths and less reli-
able data recorded on birthweight [1]. The identification
of populations at increased risk of LBW and that face
barriers to accessing health and nutrition policies and
are thus a global health priority [1]. In addition, identify-
ing the contribution of prematurity and intrauterine
growth restriction (IUGR) to LBW and its underlying
causes can provide essential steps for the prevention of
these condition and their health effects.

Indigenous peoples are considered marginalized popu-
lations and largely experience low health standards [9-
11]. Anderson et al. [9] compared the socioeconomic
and health indicators of 28 indigenous peoples in 23
countries with the respective indicators of non-
indigenous reference populations and showed a system-
atic disadvantage for indigenous peoples, including the
prevalence of LBW. Despite the vast international litera-
ture on LBW, there are few studies relating to indigen-
ous peoples, particularly in Latin America as a whole
and in Brazil [12], a country with one of the world’s
most socially diverse indigenous populations [13].

A recent systematic review [12] found the risk factors
for LBW in indigenous peoples to be similar to those
identified in non-indigenous populations with low

socioeconomic status. These included obstetric causes
such as primiparity [14—16] and history of prematurity
[15, 17-19], stillbirth [16, 18], or abortion [16],
pregnancy-induced hypertension [15, 17, 19], and urin-
ary infection during pregnancy [15, 17, 19]. The authors
also found risk factors related to maternal nutritional
status, including low gestational weight gain [17], preg-
estational malnutrition [18], and anemia [15], as well as
limited access to health services [20, 21]. Multiple deter-
minants of LBW, as described in the literature, coexist
among indigenous peoples in Brazil, in addition to a
high burden of adverse health outcomes usually associ-
ated with LBW, such as infant hospitalization and death
caused by acute respiratory infection, diarrhea, and mal-
nutrition [22-28]. This evidence suggests that LBW can
be a relevant determinant of infant morbidity and mor-
tality in indigenous groups in Brazil.

According to the most recent national census, carried
out in 2010, there were 896,900 indigenous people in
Brazil, corresponding to 0,4% of the national population
[13]. Of these approximately 85,000 are Guarani, that is,
9,5% of the indigenous population. The Guarani are di-
vided into three ethnic subgroups based on religious, lin-
guistic, and cultural specificities - the Kaiowa, the
Nhandéva, and the Mbya. The Mbya have the smallest
population, about 25,000 people, one-third (8,000) of
whom live on the southern coast [13, 29]. The coastal
strip is part of the traditional territory of the Mbya
population and although our studies were carried out
among all the Guarani people living in this location, the
vast majority of them are Mbya.

In recent years, epidemiological studies on the health
of Guarani children in this area have reported high rates
and proportions of hospitalization [30] and death [31]
for acute lower respiratory tract infections in under-five
children, especially in infants. The rates have exceeded
the corresponding estimates among other indigenous
ethnicities and in the non-indigenous. LBW was an inde-
pendent risk factor for hospitalization of Guarani chil-
dren for acute lower respiratory tract infections in a
prospective population-based case-control study [23].
Additionally, results from the First National Survey of
Indigenous People’s Health and Nutrition in Brazil
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reported higher prevalence of pneumonia in children of
the southern region, which was independently associated
with LBW [22]. In order to generate robust scientific
evidence on the determinants of Guarani infant health,
with a view to reducing morbimortality from avoidable
causes, and with a focus on acute respiratory infections,
we recently carried out the first study of an indigenous
birth cohort in Brazil - the Guarani Birth Cohort.

The objective of this study was to estimate the preva-
lence rates of LBW, prematurity, and IUGR, to investi-
gate their determinants, and characterize the relative
contribution of prematurity and IUGR to LBW in the
baseline data from the Guarani Birth Cohort.

Methods

This cross-sectional study used baseline data collected
from the Guarani Birth Cohort; participants were re-
cruited from June 1, 2014, to May 31, 2016.

Since 1999, Brazil has implemented the Indigenous
Healthcare Subsystem (SASI-SUS) as part of the Unified
National Health System (SUS). SASI-SUS is organized
into 34 Indigenous Health Sanitary Districts, which each
have Multidisciplinary Indigenous Health Teams (EMSI).
These teams are responsible for providing primary
healthcare in the villages, coordinating care, and linking
the Subsystem to the other complexity levels of assist-
ance in the SUS, thereby guaranteeing comprehensive
indigenous healthcare. Regarding pregnancy and child-
birth, nurses and primary care physicians are responsible
for prenatal care in the villages, based on protocols from
the Ministry of Health and high-risk pregnancies are re-
ferred to obstetric specialists in the SUS in nearby muni-
cipalities. One of the pillars of SASI-SUS is that the
biomedical care system must act concurrently with trad-
itional practices of healing and care and should respect
the indigenous cosmovision.

The Guarani Birth Cohort study was implemented in
collaboration with the two existing Indigenous Health
Sanitary Districts in South and Southeast Brazil in order
to investigate determinants of infant health in the Gua-
rani [32]. The population under investigation live in vil-
lages and camps, mainly on the coastal strip of southern
region, surrounded by the largest cities in Brazil, expos-
ing them to disadvantageous living conditions, such as
small, degraded, polluted, and highly-populated territor-
ies. The majority of Guarani villages have some degree
of access to the municipal health system in the sur-
rounding cities, and the SASI-SUS offers support when
the people use outside services, for example, providing
transport or food. Most villages have indigenous mid-
wives who attend home deliveries which account for
28.5% of births in the Guarani cohort.

Participants in the study were recruited from 63 vil-
lages (75.9%) of the 83 existing Guarani villages on the
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coastline extending from the state of Rio de Janeiro to
the state of Santa Catarina and the entire state of Rio
Grande do Sul (Fig. 1). Eligible villages for the birth co-
hort were defined as those with a structure that would
allow us to implement a surveillance system for the
study itself, aimed at providing weekly home follow-up
of the children recruited during their first year of life.
This would enable us to capture several health outcomes
of interest, including vital events, incident episodes of
acute short duration diseases, like acute respiratory in-
fections and diarrhea, and the perinatal outcomes specif-
ically analyzed in this study — LBW, prematurity and
IUGR. The study aimed to include all liveborn singleton
children of Guarani mothers in the eligible villages dur-
ing the Guarani Cohort recruitment period. The mother
was defined as Guarani if she lived in an eligible village
and had reported her own indigenous ethnicity at the
time of the recruitment interview.

Operationalization of the study

The data for analysis were gathered from the perinatal
questionnaire of the Guarani Birth Cohort, which was
applied to the mother during postpartum (ideally within
15days of giving birth) by previously-trained nurses
from the Multidisciplinary Indigenous Health Team
(EMSI).

The perinatal questionnaire was designed by the re-
search team and was based on questionnaires from the
National Census, the First National Survey of Indigenous
People’s Health and Nutrition in Brazil, a population-
based case-control study in the Guarani population, and
other Brazilian reference studies on infant-maternal
health, such as the four Pelotas Birth Cohorts (1982,
1993, 2004 and 2015) and the Birth in Brazil Study. We
also added questions based on the forms routinely used
in health services for prenatal care, the hospital dis-
charge summary after birth, the health card of the child,
and the birth certificate. If necessary, items were adapted
to the local context, for example adding questions to
measure specific variables related to the outcomes of
interest in the cohort as a whole, such as household
characteristics, sanitation, type and location of cooking
and heating fire and additional sources of income.

The questionnaire (Supplementary file 1) comprised
102 questions and some dependent subquestions, that
were organized in blocks to be completed during the
interview with the mother (33 items). Some information
was extracted from secondary registries (69 items), to
avoid unnecessarily long interviews for the participant.
The total time for completing the questionnaire was
about an hour, including a 30-min interview.

Answers to the interview questions were collected
through face-a-face interview with the mothers, or alter-
natively, with another relative of the child. The
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Fig. 1 Geographic Location of Villages and Indigenous Lands in the South and Southeast of Brazil
.

questionnaire was designed in digital format, operated
on a handheld personal digital assistant (PDA), with sub-
sequent online data transmission to the study coordina-
tors. Several quality control strategies were adopted to
ensure the best completion of the questionnaires; never-
theless, some registries were incomplete due to missing
information on the secondary sources available or be-
cause interviewers did not receive an answer from the
respondent. To minimize data loss and ensure informa-
tion quality, periodic visits to the village health posts
were scheduled by the study coordinators to extract sec-
ondary data recorded on the medical files of the mothers
and infants, prenatal cards, registration books of preg-
nant women, ultrasound reports, maternal immunization
records, birth certificates, and children’s health booklets.

Study outcomes
Three target outcomes were considered: (1) low birth-
weight - LBW; (2) prematurity; and (3) intrauterine
growth restriction— IUGR. The data used to estimate the
three outcomes were extracted by the interviewers from
the following secondary sources: birth certificate, child’s
health booklet, and hospital or outpatient medical file.
LBW was defined as birthweight < 2,500 g. Gestational
age at birth was calculated by the following algorithm:
estimate directly from an ultrasound report issued any
time during the pregnancy; in the absence of such a re-
port, use the record of the gestational age on the
mother’s medical file or the prenatal card, based on the

ultrasound reported by the physician or nurse, or alter-
natively, based on the date of last menstruation (DLM)
recorded on the maternal medical file or prenatal card
[33]. Gestational age at birth was categorized as prema-
ture or term. Prematurity was defined as gestational age
at birth < 37 weeks.

We calculated IUGR using the INTERGROWTH-21st
program. IUGR was defined as birthweight Z-score for ges-
tational age < — 2 standard deviations (SD), according to the
International Fetal and Newborn Growth Consortium for
the twenty-first Century (INTERGROWTH-21st) [34].

Exposure variables

Socioeconomic

“Regular per capita household income in the last month”
was calculated as the sum of wages from formal work,
conditional cash transfers (Bolsa Familia), retirement ben-
efits, and pensions of all household residents aged 10 years
or more in the previous month, divided by the number of
residents in the household. This variable was categorized
into levels of poverty as defined by the World Bank based
on per capita daily income in dollars: above the poverty
line = US$ 5.50/day; poverty, < US$ 5.50/day to US$ 1.90/
day; and extreme poverty <US$ 1.90/day [35].

Household characteristics

“Brick and mortar housing” was defined by the combin-
ation of construction materials used for the floor, walls,
and roof, as “yes” (brick walls, floor tiles or cement floor,
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and zinc, asbestos, or ceramic roof tiles) or “no” (logs,
wood, straw, mud, and other); and “use of additional
covering on walls or ceiling”, categorized as “no” or “yes”
(use of tarpaulins, plastic sheets, blankets, or cloth to in-
crease the durability of the house and protect the resi-
dents from the elements).

Reproductive variables, access to prenatal care, and
maternal morbidity

Adequacy of prenatal care was assessed by two indica-
tors, as proposed by Domingues et al. [36]. Indicator
(1) was access to adequate prenatal care, when the
prenatal visit occurred before the fourth month of
pregnancy (16 weeks) and the number of visits corre-
sponded to the recommendation for the gestational
age at the pregnancy’s conclusion. Indicator (2) was
access to prenatal care when the conditions specified
in indicator 1 were met, and routine laboratory tests
were carried out at least once during the pregnancy
(blood type, hemoglobin/hematocrit, blood glucose,
VDRL, HIV test, and simple urine test or urine cul-
ture) and maternal tetanus vaccination, according to
the recommended schedule. Since the perinatal inter-
view was ideally held within 15days of delivery and
the postpartum follow-up visit can be scheduled up
to 42 days after delivery, the postpartum visit was not
considered in the definition of adequate prenatal care
[36]. Indicator 2 is thus a more rigorous test of ad-
equacy than indicator 1.

Pregestational and gestational hypertension were ag-
gregated in the variable “maternal hypertension”. Data
on “maternal hypertension”, “urinary infection during
the pregnancy” and “chronic maternal anemia” before
pregnancy were obtained from prenatal cards or patient
medical charts.

Pregestational nutritional status was classified accord-
ing to BMI (weight/height®) based on weight only before
the 13th gestational week. Pregestational BMI was classi-
fied as underweight (< 18.5 1<g/m2), normal weight (18.5—
24.9 kg/m?), overweight (25.0-29.9 kg/m?), and obesity
(= 30kg/m?). For the purposes of analysis, overweight
and obesity were grouped in one category, excess weight
(BMI > 25.0 kg/m?).

Gestational weight gain was calculated based on the
Institute of Medicine recommendations according to
prepregnancy BMI: underweight - a gain of 12.5-18 kg;
normal weight - a gain of 11.5-16kg; overweight - a
gain of 7-11.5kg; and obese - a gain of 5-9 kg. We di-
vided gestational weight gain into three categories: low,
if the weight gain was below the recommendation; ad-
equate if it was within the recommendation; and exces-
sive, if it was above the recommendation. Total
gestational weight gain was adjusted for length of gesta-
tion at the time the final weight was collected [37].
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Maternal habits during the pregnancy

“Smoking during pregnancy” was defined as smoking at
least one factory-made cigarette daily throughout preg-
nancy, categorized as yes or no. “Alcohol consumption
during pregnancy” was defined as alcohol consumption
for at least one trimester, independently of the period of
the pregnancy, number of doses or type of beverage, cat-
egorized as yes or no.

Additional variables on household characteristics, ma-
ternal characteristics, reproductive variables, and type of
delivery were considered self-explanatory and are pre-
sented only in the tables. Only in-hospital deliveries
were considered in the calculation of the cesarean rate.

Data analysis

As the first step of the analysis, we ruled out extreme
values of the variables which comprised the outcomes of
interest which were considered implausible. This was
the case for gestational age <20 weeks and > 44 weeks
and birthweight Z-score for gestational age < — 4 SD or >
4 SD, both used for IUGR estimates.

A comparative descriptive analysis was made between
recruited and unrecruited births according to some vari-
ables, including rates of the study target outcomes,
followed by a descriptive analysis of the rates of re-
cruited births and the prevalence rates for the outcomes
LBW, prematurity, and IUGR according to the categor-
ies of independent variables.

The crude associations between the independent vari-
ables and the outcomes were analyzed, estimating the
crude odds ratios (OR) with respective 95% confidence
intervals (95% CI) via logistic regression. For the multi-
variate analysis, we opted for hierarchical logistic regres-
sion using a theoretical model of the outcome
determination based on the model originally proposed
by Victora et al. [38] and adapted to the study popula-
tion characteristics (Fig. 2).

Separate analyses were performed for each of the
study’s three target outcomes. The order for the entry of
blocks of variables into the multivariate regression
model was defined by the hierarchical levels of the the-
oretical model, from the most distal level (level 1) to the
most proximal (level 3). Level 1 consisted of socioeco-
nomic variables, household and maternal characteristics.
Level 2 consisted of the reproductive variables and qual-
ity of prenatal care, and level 3 consisted of maternal
morbidity and nutrition, maternal habits during preg-
nancy, type of delivery, and child’s sex.

Variables in level 1 that reached significance at p <
0.20 in the simple logistic regression were included
jointly in the multivariate regression model pertaining to
this level, adopting the backward procedure for stepwise
exclusion of the variables with the lowest statistical
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Fig. 2 Theoretical hierarchical model of determination of LBW, prematurity, and intrauterine growth restriction in the Guarani population in South

significance, until the final model at this level only in-
cluded variables with significance at p < 0.05.

For each level 2 variable, we estimated the OR ad-
justed by the significant variables kept at level 1. Vari-
ables at level 2 that reached significance at p < 0.20 were
thus included jointly in the multiple regression model
for this level, together with the variables kept in the final
model from the previous level (level 1). The backward
procedure was then used with stepwise exclusion of the
variables with the lowest statistical significance until the
final model at this level only kept the variables with sig-
nificance at p <0.05, adjusted by the variables kept at
level 1 and mutually adjusted by the variables kept at
level 2.

For level 3, the analytical procedures were performed
as described for the previous level until the final model
of determination for each of the target outcomes was
reached.

Child’s sex was not used as a variable in the model for
IUGR, since this indicator is calculated separately for
boys and girls.

The R program version 3.4.2 was used for the ana-
lyses [39].

Ethical aspects
The cohort study was approved by the National Re-
search Ethics Commission (Comissdo Nacional de Etica

em Pesquisa — CONEP n. 719/2010) and the Research
Committee of the National School of Public Health of
the Oswaldo Cruz Foundation (CEP/ENSP n. 160/10).
The Guarani Cohort was authorized by the indigenous
leaders who signed the free and informed consent form,
in addition to individual verbal consent from the
mothers or guardians and authorization by the Brazilian
National Health Foundation to enter indigenous territor-
ies for purposes of scientific research. This subproject of
the Cohort was approved by the Institutional Review
Board of the National School of Public Health of the
Oswaldo Cruz Foundation (CEP/ENSP), protocol num-
ber 1.821.137.

Authorization of the Guarani Birth Cohort by the indi-
genous communities started in 2013. The proposal pre-
viously approved by other ethical and health services
forums was presented at the District Council meeting,
the regional forum for social control of SASI-SUS,
evenly composed of health managers, health profes-
sionals, and indigenous users. Following this approval,
the research coordinator visited all the villages in the
territory over a six-month period and presented results
from previous studies to local leaders, interested com-
munity members, and local health professionals, includ-
ing indigenous community health agents, in order to
request authorization for the new research. The Collect-
ive Informed Consent Form was written in Portuguese,
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which is reasonably well understood and spoken by most
Guarani, although the indigenous health agents and
other younger members of the communities always act
as communication mediators in the villages. This pres-
entation was guided by dialogue and attendees were
given the opportunity to ask questions and make sugges-
tions. Of the 83 villages, only one had no interest in par-
ticipating, and 63 had suitable conditions to carry out
the research.

The research team then provided seven regional work-
shops and a centralized workshop for technical training
of indigenous health teams in the WHO strategy of Inte-
grated Management of Childhood Illnesses-IMCI and in
the procedures of surveillance and data collection. The
study of this cohort was then started in June 2014. The
recruitment of each newborn in the 2-year period was
done by the local health team with the participation of
indigenous health agents, who were trained to explain
the research and obtain individual verbal informed con-
sent, as planned in the research protocol and approved
by the CEP/ENSP and the CONEP, based on situations
foreseen in the national legislation on research with indi-
genous peoples. Refusal to consent or subsequent with-
drawal of that consent was possible at any time without
penalty. We believe that the research project helped par-
ents learn to identify signs of disease severity in their
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constituted scientific research, it nevertheless played a
role in the work of the indigenous health teams, contrib-
uting to technical training, active surveillance and timely
identification and management of highly prevalent dis-
eases and conditions in the child population.

Results

There were 435 eligible births in the study area, and 74
(17.0%) of these were not recruited. Subjects who were
not recruited comprised: two refusals, one neonatal
death, three migrations out of the study area soon after
birth, and 68 failures to recruit due to gaps in surveil-
lance on the part of the Multidisciplinary Indigenous
Health Team (EMSI). Figure 3 shows a comparison of
characteristics between recruited and unrecruited
children.

There were higher proportions of non-recruitment
among boys and among births in the states of Rio de
Janeiro and Rio Grande do Sul (Fig. 3). No statistically
significant differences were seen in mean birthweight,
gestational age at birth, and birthweight Z-score for ges-
tational age between recruited and unrecruited children.
In view of the reduced level of missing data, we per-
formed a complete case analysis.

Overall prevalence rates of LBW, prematurity, and
IUGR were 15.5, 15.3, and 5.7%, respectively. There was

children for themselves. Although the initiative no statistically significant difference in the prevalence
P
Total Recruited Not recruited
Proportions
N (%) N (%) N (%) P-value
Births 435 (100.0) 361 (83.0) 74 (17.0)
State of birth
Rio de Janeiro 44 (10.1) 29 (8.0) 15 (20.3)
So Paulo 269 (61.8) 245 (67.9) 24 (32.4)
Paran 12 2.8) 12 (3.3) 0() 0002*
Santa Catarina 27(6.2) 23 (6.4) 4(54)
Rio Grande do Sul 83 (19.1) 52 (14.4) 31 (41.9)
Child’s sex
Male 232 (53.3) 186 (51.5) 46 (62.) () 04x
Female 197 (45.3) 173 (47.9) 24(324)
Total Recruited Not recruited
Means. Standard Mean Medi Mean Medi Mean Medi .
iati edian edian edian -value
devnz.mons (SD), and (SD) (SD) (SD) P
medians
Birthweight (g) 2912 2,910 2917.6 2,915 28777 2,860 0.607
(469.3) (450.9) (570.4)
GA (weeks) 38.1 39.0 38.1 39.0 38.3 39.0 0.695
(3.0) 2.7 (3.0
Birthweight z-score -0.15 -0.14 -0.13 -0.14 -0.30 -0.13 0354
for GA (1.1 1.1 1.3)
P Total Recruited Not recruited
revalence
N (%) N (%) N (%) p-value
LBW 65 (15.5) 54 (15.0) 11(183)  0.646
Prematurity 63 (15.3) 57 (16.1) 6(10.5) 0379
IUGR 23(5.7) 16 (4.6) 7(13.5)  0.019%
Notes: GA= Gestational age; LBW= low birthweight; [IUGR= intrauterine growth restriction.
Fig. 3 Comparative analysis of selected characteristics in children recruited and not recruited. Baseline of the Guarani Birth Cohort, South and
Southeast Brazil, 20,142,016
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rates of LBW and prematurity between recruited and
unrecruited children. However, prevalence of IUGR was
significantly lower in recruited children. In more than
two-thirds of the cases (69.8%), prematurity was late (34
to 36 weeks). Nearly half (48.2%) of the LBW infants
were born prematurely and one-fourth had IUGR.

The descriptive analysis of the cohort baseline and in-
vestigation of the outcome determinants from this point
on, as well as the results presented in Tables 1, 2, 3 and 4,
refer only to the 361 recruited births.

All of the Guarani children recruited for the study
lived below the poverty line, and two-thirds (66.3%) were
below the cutoff for extreme poverty. More than 30% of
the children lived in households that used bonfires as
their principal energy source for cooking, 83.7% lived in
houses built of logs, wood, straw, mud, or other similar
materials, and more than half of these households
(58.7%) used some additional material such as tarpaulins,
plastic sheeting or blankets to cover the ceiling or walls
(Table 1).

The proportion of mothers under 20 years of age was
36.8%, with mean maternal age of 23.9years (SD: 7.6)
and median of 22 years; 64.8% of the mothers were <
150 cm tall, with mean and median maternal height of
148.5cm (SD: 5.6) and 148.0 cm, respectively. Almost
two thirds (63.2%) of the mothers had some formal edu-
cation, 77.3% had a husband or partner, the majority
were multiparous (76.5%) and had an obstetric history of
stillbirths or abortions (80.3%) (Table 1).

Slightly more than 50% of the mothers of recruited
children were classified as having adequate prenatal care,
according to either of the indicators used. In 2.5% of the
pregnancies there was pregestational and/or gestational
hypertension. Urinary infection was diagnosed at some
moment in 26.0% of the pregnancies; 2.8% of the
mothers presented chronic anemia before pregnancy and
58.4% had adequate nutritional status when they became
pregnant. However, 56.8% showed insufficient weight
gain during the pregnancy, and 13.0% showed excessive
weight gain. Prevalence rates for smoking and alcohol
use during the pregnancy were 5.5 and 6.1%, respect-
ively. Hospital deliveries represent 70.9% of all Guarani
deliveries and the cesarean section prevalence rate was
11.9% in the hospital deliveries (Table 1).

Five variables from hierarchical level 1 showed crude
significant association with LBW at p <0.20 (Table 2).
Use of bonfires (OR: 1.64, CI95%: 0.84—3.20) or wood-
burning stove (OR: 2.08, 0.87-4.96) as the main energy
source for cooking, use of additional covering on walls
or ceiling (OR: 1.64, CI95%: 0.88—3.04), and low mater-
nal height (OR: 1.6, CI95%: 0.82—-3.13) lost statistical sig-
nificance in the multivariate analysis. The only variables
that remained in the final model were brick and mortar
housing (OR: 0.27, CI95%: 0.08-0.89) and maternal age
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(<20 - OR: 2.3, CI95%: 1.25-4.24; > 35 — OR: 1.18,
CI95%: 0.38-3.68), with significance at p < 0.05.

After adjusting for the variables kept in level 1, quality
of prenatal care (limited indicator) (OR: 1.69, CI95%:
0.92-3.09) was the only variable in level 2 that was asso-
ciated with LBW. As its significance was above p < 0.05,
we left it out of the final model (Table 3). The variables
hypertension (OR: 3.84, CI95%: 0.88-16.74), chronic
anemia before pregnancy (OR: 6.41, CI95%: 1.7-24.16),
pregestational nutritional excess weight (OR: 0.54;
CI95%: 0.24—1.118), alcohol use in pregnancy (OR: 2.13,
CI95%: 0.77-5.87), and child’s female sex (OR: 1.52,
CI95%: 0.83-2.78) showed significance at p <0.20 and
were included in the multivariate analysis in level 3, to-
gether with the variables kept in level 1 (Table 3).

At the end of the multivariate analysis in level 3, only
chronic anemia before pregnancy remained associated
with LBW, with significance at p<0.05. In the final
model, LBW was significantly associated with maternal
age (<20 - OR: 2.39, CI95%: 1.29-4.44), brick and mor-
tar housing (OR: 0.25, CI95%: 0.07—0.84) and chronic
maternal anemia before pregnancy (OR: 6.41, CI95%:
1.70-24.16) (Table 4).

Four variables from hierarchical level 1 showed crude
association with prematurity at p < 0.20 (Table 2). Use of
additional materials to cover the walls or ceiling (OR:
0.62, CI95%: 0.35-1.1) and maternal schooling (second-
ary or university — OR: 0.41, CI95%: 0.13—1.26; primary
— OR: 0.57, CI95%: 0.31-1.07) lost statistical significance
in the multivariate analysis, and the variable kept in the
final model for level 1 was the principal energy source
for cooking (wood-burning stove — OR: 3.87, CI95%:
1.71-8.78; bonfire - OR: 2.57, CI95%: 1.31-5.01), with
significance at p <0.05. Parity and quality of prenatal
care were included in the level 2 multivariate analysis,
together with the variable kept at level 1, but none of
them remained statistically significant in the adjusted
analysis. In the final model, prematurity was significantly
associated with the type of principal energy source for
cooking (wood-burning stove - OR: 3.87, CI95%: 1.71—
8.78; bonfire - OR: 2.57, CI95%: 1.31-5.01) (Table 4).

With IUGR as the outcome, maternal age (<20 - OR:
2.26, CI95%: 0.78-6.5), schooling (primary - OR: 3.27,
CI95%: 0.71-15.04), and marital status (without hus-
band/partner - OR: 2.18, CI95%: 0.77-6.21) showed
crude associations with IUGR, with significance at p <
0.20 (Table 2). No level 1 variables remained in the final
model with significance at p <0.05. In the level 2 crude
analysis, primiparous (OR: 4.66, CI95%: 1.68—12.95) was
the only variable significantly associated with IUGR, with
significance at p < 0.05 (Table 3). The variables hyperten-
sion, chronic maternal anemia before pregnancy, and
gestational weight gain were added to the multivariate
analysis in level 3, but chronic maternal anemia before
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Hierarchical level, dimension, and variable Births Prevalence LBW Prevalence prematurity Prevalence IUGR
N (%) N (%) N (%)
Level 1
Socioeconomic characteristics
Regular per capita income (U$)
Extreme Poverty 241 66.8 38 158 40 16.9 12 5.2
Poverty 120 332 16 134 17 14.3 4 34
Above poverty line 0 - 0 - 0 - 0 -
Household characteristics
Principal energy source for cooking
Gas stove 178 493 20 11.3 17 9.8 9 52
Wood burning stove 44 12.2 9 209 13 295 2 4.9
Bonfire 116 321 20 17.2 25 217 5 43
Brick and mortar housing
No 302 83.7 51 16.9 47 15.8 16 54
Yes 59 16.3 3 52 10 175 0
Additional covering on walls and ceiling
No 149 413 17 1.5 29 199 6 43
Yes 212 58.7 37 175 28 134 10 48
Maternal characteristics
Maternal age (years)
<20 133 36.8 29 218 25 19.1 9 6.9
20-34 196 54.3 21 10.8 25 13.0 6 32
235 32 8.9 4 125 7 219 1 3.1
Maternal height (cm)
> 150 116 321 13 11.2 16 14.0 5 44
<150 234 64.8 39 168 39 16.8 10 44
Maternal schooling
Secondary or university 40 1.1 6 15.0 4 10.0 2 50
Primary 188 52.1 28 15.0 25 13.6 1 6.1
No formal schooling 107 296 14 132 23 215 2 1.9
Marital status
With husband/partner 279 773 40 144 43 156 10 37
Without husband/partner 82 227 14 17.3 14 17.7 6 77
Level 2
Reproductive variables
Parity
Multiparous 276 76.5 34 124 39 14.3 7 26
Primiparous 84 233 20 238 18 220 9 1.1
Stillbirths or abortions
No 65 18.0 8 12.3 8 12.3 1 1.6
Yes 290 80.3 45 156 48 16.8 14 50
Quality of prenatal care
Limited indicator
Adequate 207 573 26 12.7 25 12.2 10 50
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Table 1 Number and proportion of births and prevalence rates of LBW, prematurity, and IUGR according to categories of
exploratory variables. Baseline of Guarani Birth Cohort, South and Southeast Brazil, 2014-2016 (Continued)

Hierarchical level, dimension, and variable Births Prevalence LBW Prevalence prematurity Prevalence IUGR
N (%) N (%) N (%) N (%)
Inadequate 153 424 28 183 32 215 6 4.1
Expanded indicator
Adequate 184 51.0 24 132 22 120 9 50
Inadequate 176 488 30 17.0 34 19.9 7 4.1
Level 3
Maternal morbidity
Hypertension
No 345 95.6 50 14.6 55 16.1 14 42
Yes 9 25 3 333 1 1.1 1 1.1
Urinary infection
No 260 720 37 143 43 16.7 9 36
Yes 94 26.0 16 17.0 13 14.0 6 6.5
Maternal nutrition
Chronic anemia before pregnancy
No 344 95.3 48 14.0 54 159 13 39
Yes 10 2.8 5 50.0 2 20.0 2 20.0
Pre gestational nutritional status
Underweight 9 2.5 2 22.2 2 22.2 1 1.1
Adequate weight 21 584 37 176 35 16.7 8 39
Excess weight 112 310 10 9.0 14 126 4 37
Gestational weight gain
Insufficient 205 56.8 35 172 32 156 6 30
Adequate 69 19.1 7 10.3 10 14.5 5 74
Excessive 47 13.0 6 12.8 7 149 2 43
Maternal habits
Smoking in pregnancy
No 340 94.2 52 154 56 16.8 15 46
Yes 20 55 2 10.0 1 50 1 50
Alcohol use in pregnancy
No 336 93.1 48 144 52 15.7 15 46
Yes 22 6.1 6 27.3 5 238 1 4.8
Type of deliveries (hospital only)
Vaginal 207 57.3 35 17.0 33 16.2 10 50
Cesarean 43 11.9 5 11.6 3 7.1 1 23
Child’s sex
Female 173 479 31 17.9 26 153 - -
Male 186 515 22 120 31 16.8
pregnancy (OR: 7.21, CI95%: 1.29-40.38) was the only  Discussion

variable that remained in the final model (p <0.05). In
the final model, IUGR showed a statistically significant
association with primiparity (OR: 4.66, CI95%: 1.68—
12.95) and chronic anemia before pregnancy (OR: 7.21,
CI95%: 1.29-40.38) (Table 4).

The prevalence rates for LBW (15.0%) and prematurity
(16.1%) were high in the Guarani population in South
and Southeast Brazil and exceeded the corresponding
prevalence rates in most indigenous and non-indigenous
populations. However, prevalence of IUGR (4.6%) was
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Table 2 Crude associations between socioeconomic, household, and maternal characteristics (Hierarchical Level 1) andLBW,
prematurity, andlUGR. Baseline of Guarani Birth Cohort, South and Southeast Brazil, 2014-2016

Hierarchical level, dimension, LBW Prematurity IUGR
and variable OR (95%Cl) p-value OR (95%Cl) p-value OR (95%C) p-value
Level 1
Socioeconomic characteristics
Regular per capita income (U$)
Extreme Poverty 1.21 (0.64-2.27) 0.552 122 (0.66-2.27) 0519 1.55 (0.49-4.93) 0454
Poverty 1.00 1.00 1.00
Household characteristics
Principal energy source for cooking
Gas stove 1.00 1.00 1.00
Wood burning stove 2.08 (0.87-4.96) 0.099% 3.87 (1.71-8.78) 0.001* 093 (0.19-4.5) 0.933
Bonfire 1.64 (0.84-3.20) 0.150* 257 (1.31-5.01) 0.006* 0.83 (0.27-2.54) 0.742
Brick and mortar housing
No 1.00 1.00 1.00
Yes 0.27 (0.08-0.89) 0.031% 1.14 (0.54-2.41) 0.739 -
Additional covering on walls or ceiling
No 1.00 1.00 1.00
Yes 1.64 (0.88-3.04) 0.117% 062 (0.35-1.1) 0.104* 1.13 (04-3.18) 0816
Maternal characteristics
Maternal age (years)
<20 23 (1.25-4.24) 0.008* 1.58 (0.86-2.89) 0.141% 226 (0.78-6.5) 0.132%
20-34 1.00 1.00 1.00
235 1.18 (0.38-3.68) 0.780 1.87 (0.73-4.78) 0.191* 0.98 (0.11-841) 0.984
Maternal height (cm)
> 150 1.00 1.00 1.00
<150 1.6 (0.82-3.13) 0.170* 1.24 (0.66-2.33) 0.507 1.01 (0.34-3.03) 0.987
Maternal schooling
Secondary or university 1.16 (041-3.26) 0.779 041 (0.13-1.26) 0.118* 2.66 (0.36-19.54) 0.337
Primary 1.16 (0.58-2.31) 0679 0.57 (0.31-1.07) 0.082* 3.27 (0.71-15.04) 0.128*
No formal schooling 1.00 1.00 1.00
Marital status
With husband/partner 1.00 1.00 1.00
Without husband/partner 1.24 (0.64-242) 0.522 1.17 (0.6-2.26) 0.648 218 (0.77-6.21) 0.143*

LBW Low birthweight, IUGR Intrauterine growth restriction

*Categories of independent variables associated with the outcome, with levelof significance p < 0.20, indicating that the variable was included in the multivariate

analysis at its hierarchical level

similar to or lower than in other populations. These out-
comes were associated with household conditions, lower
maternal age, maternal nutritional status at the begin-
ning of pregnancy, and obstetric causes.

Prevalence of LBW in the Guarani was almost double
that of the corresponding prevalence rates in the non-
indigenous Brazilian population (6.1-8.0%) [39], among
indigenous peoples as a whole in Brazil (7.3%) [40], and
in indigenous peoples in other regions of the world
(6.1%) [41]. It was only exceeded by the reported

prevalence rates among the Aboriginal peoples in re-
mote areas of Australia (17.4%) [15]. Prevalence of pre-
maturity in the Guarani was also higher than the
corresponding rates in the non-indigenous Brazilian
population (11.5%) [42] and in indigenous peoples in
other regions of the world (10.8%) [41], and was only
lower than the prevalence rates among the Aboriginal
peoples of Australia (19.4%), which were the highest
prevalence rates of prematurity reported in the literature
[15]. Meanwhile, prevalence of IUGR in the Guarani was
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Table 3 Crude associations between reproductive variables, quality and access to prenatal care, maternal morbidity, and habits in
the pregnancy, place and type of delivery, and child’s sex (hierarchical levels 2 and 3) and LBW, prematurity, and IUGR. Baseline of
the Guarani Indigenous Cohort, South and Southeast Brazil, 2014-2016

Hierarchical level, LBW Prematurity IUGR
dimension, and OR (95%Cl) p-value OR (95%Cl) p-value OR (95%Cl) p-value
variable
Level 22
Reproductive variables
Parity
Multiparous 1.00 1.00 1.00
Primiparous 1.58 (0.77-3.24) 0.216 1.73 (0.89-3.33) 0.104* 466 (1.68-12.95) 0.003*
Abortions and stillbirths
No 1.00 1.00 1.00
Yes 1.14 (0.5-2.64) 0.749 148 (0.65-3.38) 0.356 33(043-2557) 0.252
Quality of prenatal care
Limited indicator
Adequate 1.00 1.00 1.00
Inadequate 1.69 (0.92-3.09) 0.091* 1.71 (0.94-3.11) 0.076* 0.82 (0.29-2.3) 0.702
Expanded indicator
Adequate 1.00 1.00 1.00
Inadequate 147 (0.8-2.69) 0215 1.56 (0.85-2.85) 0.152% 0.82 (0.3-2.26) 0.702
Level 3°
Maternal morbidity
Hypertension
No 1.00 1.00 1.00
Yes 3.84 (0.88-16.74) 0.074* 0.80 (0.09-6.84) 0.839 5.21 (0.56-48.48) 0.147*
Urinary infection in pregnancy
No 1.00 1.00 1.00
Yes 1.18 (0.61-2.29) 0.624 1.23 (0.60-2.51) 0.575 0.53 (0.18-1.57) 0.254
Maternal nutritional status
Chronic anemia before pregnancy
No 1.00 1.00 1.00
Yes 641 (1.7-24.16) 0.006* 1.56 (0.30-8.03) 0.598 7.21 (1.29-40.38) 0.025%
Pregestational nutritional status
Underweight 1.32(0.24-7.12) 0.753 2.53 (045-14.15) 0.289 222 (0.24-4.12) 0486
Adequate 1.00 1.00 1.00
Excess weight 054 (0.24-1.18) 0.12% 0.80(0.39-1.61) 0524 1.17 (0.33-4.12) 0.805
Gestational weight gain
Insufficient 1.71 (0.71-4.12) 0.228 0.85 (0.38-1.91) 0691 038 (0.11-13) 0.123%
Adequate 1.00 1.00 1.00
Excessive 1.37 (042-447) 0.599 0.99 (0.33-2.91) 0.979 0.53 (0.1-2.89) 0.123*
Maternal habits in pregnancy
Smoking
No 1.00 1.00 1.00
Yes 135 (0.3-6.13) 0.701 272 (0.35-21.29) 034 0.75 (0.09-6.23) 0.791
Alcohol use

No 1.00

1.00

1.00
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Table 3 Crude associations between reproductive variables, quality and access to prenatal care, maternal morbidity, and habits in
the pregnancy, place and type of delivery, and child’s sex (hierarchical levels 2 and 3) and LBW, prematurity, and IUGR. Baseline of
the Guarani Indigenous Cohort, South and Southeast Brazil, 2014-2016 (Continued)

Hierarchical level, LBW Prematurity IUGR
dimension, and OR (95%Cl) p-value OR (95%Cl) p-value OR (95%Cl) p-value
variable
Yes 2.13(0.77-5.87) 0.145% 1.83 (0.33-10.12) 0.489 0.77 (0.09-6.34) 0.805
Type of delivery (hospital)
Vaginal 1.00 1.00 1.00
Cesarean 0.76 (0.27-2.12) 0.597 1.66 (0.29-9.57) 0.569 0.39 (0.05-3.22) 0.385
Child’s sex
Female 1.52 (0.83-2.78) 0.174* 0.80 (0.44-1.45) 0461 NA NA
Male 1.00 1.00

LBW Low birthweight, /UGR Intrauterine growth restriction, NA Not applicable

*Categories of independent variables associated with the outcome, with level of significance p < 0.20, indicating that the variable was included in the multivariate
analysis at its hierarchical level

?OR of level 2 variables in the hierarchical model were adjusted for the variables that remained in level 1

POR of level3 variables in the hierarchical model were adjusted for the variables that remained in levels 1 and 2

Table 4 Final hierarchical multivariate logistic regression model for risk factors for LBW, prematurity, and IUGR. Baseline of the
Guarani Birth Cohort, South and Southeast Brazil, 2014-2016

Level Domains Variables OR? (95%Cl) p-value

Low birthweight

1 Household characteristics Brick and mortar housing

No 1.00

Yes 0.25 (0.07-0.84) 0.025
1 Maternal characteristics Maternal age (years)

<20 2.39 (1.29-4.44) 0.006

20to 34 1.00

235 1.15 (0.36-3.61) 0.815
3 Maternal nutrition Chronic anemia before pregnancy

No 1.00

Yes 641 (1.70-24.16) 0.006

Prematurity

1 Household characteristics Principal energy source for cooking

Gas stove 1.00

Wood burning stove 3.87 (1.71-8.78) 0.001

Bonfire 257 (1.31-5.01) 0.006

Intrauterine growth restriction

2 Reproductive variables Parity

Multiparous 1.00

Primiparous 466 (1.68-12.95) 0.003
3 Maternal nutrition Chronic anemia before pregnancy

No 1.00

Yes 721 (1.29-40.38) 0.025

Note: ®adjusted OR Each variable's effect on the outcome was adjusted for the other variables at the same hierarchical level that remained with p < 0.05 at the
end of the multivariate analysis of the respective level and for the variables that remained from the previous levels. The odds ratios refer to the sizes of adjusted
associations reached at entry level of each of these variables in the hierarchical model
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lower than the rates described in non-indigenous popu-
lations in Brazil that used the same reference curve as
this study (9.3%) [43]. Prevalence was close to the rates
reported in indigenous populations in different regions
of the world (7.8%) [41], and lower than the prevalence
rates in Aboriginal peoples in Australia (16.3%) [15].
However, the curves used to assess fetal growth in the
latter two studies were different, which may limit direct
comparisons of the results. No studies were found that
describe the prevalence of prematurity or [IUGR in indi-
genous peoples in Brazil.

Household per capita income, used as the socioeco-
nomic indicator in our study, showed that all the live-
born Guarani infants lived in households below the
poverty line, and that two-thirds were living in extreme
poverty. This shows that the study population suffers
unfavorable socioeconomic conditions when compared
to the mean levels in the Brazilian population as a whole
and among the non-indigenous population of the geo-
graphic regions of the study villages [35]. However, this
indicator, household per capita income, was not associ-
ated with any of the three outcomes in the final model.
This may be due to the relative socioeconomic homo-
geneity of the indigenous group when this dimension is
measured by traditional indicators like per capita in-
come. This indicator was used in order to allow compar-
isons with other studies and due to difficulties in
building sensitive indicators for capturing intragroup so-
cioeconomic differences [12]. However, the Guarani
traditionally practice a barter system between family
groups and rely on subsistence farming, the sale of trad-
itional products and handicrafts, and donations [44]; the
income indicator used here may thus not reflect their
true socioeconomic situation.

Housing conditions have been identified in the litera-
ture as a factor associated independently with LBW and
prematurity, reflecting socioeconomic conditions in
urban populations in Brazil [45]. Living in brick and
mortar housing was associated with 75% lower odds of
LBW in the Guarani. Meanwhile, a study of indigenous
people in Ecuador showed that less urbanized dwellings
were more adequate in different aspects of their occu-
pants’ health when compared to more urbanized dwell-
ings [46].

Although the Guarani villages showed some internal
homogeneity in their housing standards, there is consid-
erable heterogeneity between villages. The housing
ranges from makeshift shacks, log-and-straw houses,
packed-earth walls, and reed houses to brick and mortar
houses, sometimes in different combinations of these
types. Such housing standards are largely determined by
characteristics of the respective villages, such as territor-
ial extensions of (and proximity to) cities, availability of
building materials in the local ecosystem, or access to
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targeted public housing policies [47]. Thus, housing
standards in the Guarani are not a good socioeconomic
indicator, but rather act as a proxy for exposure to en-
vironmental risks such as indoor pollution and crowding
[23]. The interpretation of this association should thus
consider the possibility that this indicator partly ex-
presses the effect of other unmeasured socioeconomic
variables or exposure to indoor pollutants [44]. There is
no doubt that public housing measures are necessary for
indigenous peoples, but they need to take into account
more specific studies on the standards that can reduce
environmental and health risks, necessarily considering
the wishes and knowledge of the people.

The use of biomass as an energy source for cooking
and heating is common among indigenous peoples and
rural populations in Brazil and elsewhere in the world.
The use of wood-burning stoves or bonfires in Guarani
households was associated with an almost four-fold in-
crease in the odds of prematurity, compared to children
of mothers with gas stoves. Exposure to indoor pollution
resulting from burning solid fuels has been associated
with increased risk of adverse pregnancy outcomes such
as LBW and prematurity [48]. The biological mecha-
nisms involved in the association with fetal development
appear to be related to placental alterations and reduced
maternal lung function [48]. Smoke from burning bio-
mass contains various pollutants that can lead to differ-
ent pulmonary and placental inflammatory responses
due to oxidative stress, influencing endothelial functions
and triggering hemodynamic responses that limit fetal
growth [48, 49].

Studies have reported higher prevalence of LBW and
prematurity at the extremes of women’s childbearing
years [16, 50, 51]. These effects are assumed to be re-
lated to intrinsic age-related biological factors such as
physiological immaturity for pregnancy in younger
women, especially under 15vyears of age, and higher
prevalence of pregnancy-induced hypertension and
hemorrhage in older women [52, 53]. Our study corrob-
orated some of these results and found that LBW was
associated with maternal age of less than 20 years. Oster
and Toth [16], in a study of First Nations in Canada, re-
ported a nearly twofold risk of LBW in mothers over 35
years of age. Kildea et al. [15] identified maternal age of
less than 20 years as a risk factor for prematurity in the
Australian Aboriginal population. Coversely, Heaman
et al. [17] found a protective effect of maternal age of
less than 19years on prematurity in First Nations in
Canada, and Oster and Toth [16] reported a protective
effect of maternal age of less than or equal to 17 years
on LBW, also in First Nations of Canada. Pregnancy in
younger Guarani women does not appear to be a marker
of social disadvantage since pregnancy in this age
bracket is an event expected by the community [54]. We
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may thus assume that biological mechanisms are in-
volved in the determination of LBW among the Guarani,
indicating the importance of access to prenatal care,
above all in this age bracket.

The odds of IUGR in primiparous Guarani women were
4.6 times those of multiparous mothers. This finding cor-
roborates the findings from previous studies in both indi-
genous [15] and non-indigenous populations [50].
According to Bernabé et al. [50], the vascular maturation
of uterine structures occurs in the first pregnancy, making
the structures more sensitive to gestational stimuli. In sub-
sequent pregnancies, the maturity of the reproductive
structure allows more appropriate placental development
and thus better fetal nutrition [50].

Anemia remains an important public health problem
in indigenous women in Brazil, with prevalence rates
ranging from 16.1% in non-pregnant women to 81.8% in
pregnant women [55]. The First National Health and
Nutrition Survey of Indigenous Peoples in Brazil con-
firmed for the first time on a national and regional scale,
the high prevalence of anemia in indigenous women of
childbearing-age (33.0% in the country as a whole and
30.8% in the South and Southeast, where the Guarani
villages are located [56]. Anemia is known to begin or to
be exacerbated in pregnancy due to the increased plasma
volume and resulting plasma dilution [57]. Prevalence of
chronic anemia before pregnancy in our study was con-
siderably lower than these values, and may have been
underestimated. Nevertheless, it was possible to detect a
significant association between anemia and LBW and
IUGR, as found in other studies [50, 57, 58]. Low
hemoglobin levels favor alteration in placental angiogen-
esis, limiting the availability of oxygen to the fetus and
thus causing potential IUGR and LBW [59]. This result
emphasizes the importance of access to prenatal care
and supplementation with ferrous sulfate and treatment
of anemia diagnosed before and during pregnancy.

Despite the expansion of access and almost universal
coverage of prenatal care in Brazil in recent decades, re-
gional and social inequalities still exist in access to ad-
equate care, which can be illustrated by differences in the
trimester of prenatal care initiation, the number of consul-
tations and the availability of testing for syphilis and HIV
[36]. For indigenous peoples, there has also been a dra-
matic expansion of access to prenatal care in the last two
decades, based on the implementation of the SASI-SUS,
when primary health care started to be provided at village
level. However, the quality of such prenatal care remains
far short of the target and lower than in the non-
indigenous Brazilian population, with later initiation,
fewer consultations, poor clinical and laboratory monitor-
ing and worse perinatal outcomes [26]. Better quality of
prenatal care leads to better adoption of preventive mea-
sures and timely access to effective interventions for the
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control of biological and environmental risk factors associ-
ated with prematurity [36, 42]. This result reinforces the
importance of expanding primary care in the villages and
encouraging adherence to prenatal care.

Prevalence of induced labor in Brazil is one of the
highest in the world, and Brazil thus also has one of the
highest cesarean rates [42]. Induced labor has been iden-
tified as an iatrogenic risk in the determination of pre-
maturity and LBW in Brazil. For the Guarani population
in this study, the cesarean rate was low compared to
overall rates in Brazil, and it was within the limits rec-
ommended by the World Health Organization (WHO)
[60]. Thus, in the case of the Guarani population, al-
though prematurity consisted predominantly of late pre-
mature infants (34 to 36 weeks), no association was seen
between cesarean delivery and prematurity. While on
the one hand this is a good indicator of the use of pri-
mary and hospital care by the indigenous population, on
the other it indicates the need to both expand access to
prenatal care and to improve the quality of such care. In
addition, unexpectedly, Guarani children born by
cesarean delivery showed significantly higher mean
weight (3095.0 g) than children born by vaginal delivery
(2890.5) (p <0.026), which emphasizes adverse environ-
mental conditions, maternal infections, and poor quality
of prenatal care as determinants of prematurity in the
Guarani.

Some limitations should be addressed in the interpret-
ation of this study’s findings. The first point is that the
outcomes are prevalent by their nature, since liveborn
infants are survivors of a conception cohort, while abor-
tions and stillbirths may have occurred in this popula-
tion. This is a common and almost insurmountable
characteristic of studies on LBW, prematurity, and
IUGR, and we can assume that the results are affected to
some degree by survival bias. Studies indicate the possi-
bility of birthweight measurement bias, especially in
homebirths and populations with low socioeconomic
status. Our study did not detect statistically significant
differences in the prevalence rates of LBW (p < 0.50) or
mean birthweight (p <0.85) when comparing children
born in the villages with those born in hospital. We also
identified the occurrence of preferred digits (0 and 5) in
the birthweight variable, but this occurred in both
homebirths and hospital births and in all the ranges of
weight measurement. Thus, possible errors in LBW clas-
sification appear to have occurred by chance.

The low prevalence of IUGR in comparison to LBW
and prematurity could suggest that measurement bias
has occurred. Clearly, gestational age could have been
underestimated by recall bias related to the date of the
last menstruation, or loss of precision of ultrasound at
advanced gestational age. Weight could also be affected by
measurement bias, as mentioned previously. On the other
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hand, both LBW and prematurity would be underesti-
mated by these same potential biases, and this does not
seem to have occurred. Since the prevalence of [UGR was
significantly higher among non-recruited children, we sug-
gest selection bias as the most likely explanation. In
addition, some studies indicate that the INTERGROWTH
21st curve tends to underestimate the frequency of small
for gestational age newborns, a proxy for IUGR [43]. Des-
pite this, our study detected associations with anemia be-
fore pregnancy and primiparity. We believe that if the
IUGR prevalence is underestimated, the real magnitude of
the associations would be even greater, and additional un-
confirmed associations could have been found.

Our results show biological plausibility and strong
consistency with the literature. The analyses were per-
formed at the baseline of the first indigenous birth co-
hort in Brazil and the recruitment level was high,
without statistical differences in the prevalence rates of
LBW and prematurity or in birthweight, gestational age
at birth, and birthweight z-score for gestational age be-
tween recruited and unrecruited children, which rein-
forces the robustness of the study.

As mentioned previously, Brazil has one of the world’s
most socially diverse indigenous populations. The indi-
genous category encompasses extensive differences in
culture, geographical and territorial occupation, degrees
of contact with the surrounding society, exposure to en-
vironmental and climatic conditions, health standards
and access to natural resources, goods and services, and
public policies, such as health. Although this diversity
imposes a certain limitation on the generalization of
Guarani results to all indigenous peoples in the country,
our study identified a common pattern marked by the
social and health disadvantage of the indigenous people
compared to their counterparts. Thus, these results can
serve as a topic for debate about inequities in health and
expanding access to public policies to guarantee the con-
stitutional rights of indigenous peoples in Brazil.

Conclusions

As mentioned previously, the identification of popula-
tions at greater risk of LBW and that face barriers in ac-
cess to health and nutrition policies is a global health
priority. This study revealed high prevalence rates for
LBW and prematurity in the Guarani indigenous popu-
lation, higher than reported in most studies in indigen-
ous and non-indigenous peoples in Brazil and elsewhere.
The target outcomes were associated with environmen-
tal determinants such as quality of the household envir-
onment, maternal nutritional and health status before
and during pregnancy, obstetric history, and access to
and use of health services, most of which are modifiable
through interventions by the health sector and by inter-
sector policies on food security, housing, and the
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environment. Emphasis should be given to strengthening
the Indigenous Healthcare Subsystem, allowing im-
proved access to primary healthcare by indigenous peo-
ples and the development of culturally sensitive health
practices.

Interventions in these fields may result not only dir-
ectly in the reduction of prevalence rates for LBW, pre-
maturity, and IUGR in the population, but also
indirectly in the reduction of the high burden of morbid-
ity and mortality from infectious diseases, especially
acute respiratory infections, and malnutrition in child-
hood. They could also minimize delays in cognitive de-
velopment, preventing chronic noncommunicable
diseases in adulthood, and interrupting the vicious circle
of poverty and social exclusion that historically affects
indigenous peoples in Brazil.
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