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Abstrato

fundo: O baixo peso ao nascer (BPN) continua sendo um importante problema de satde global, associado a uma
série de resultados adversos de salde ao longo da vida. As evidéncias sugerem que o BPN é um determinante
relevante de morbidade e mortalidade em grupos indigenas, que geralmente tém acesso limitado as politicas
publicas de saude e nutricdo. O conhecimento da prevaléncia de BPN e de suas causas subjacentes pode contribuir
com etapas essenciais para a prevencao de seus efeitos sobre a salde. O estudo teve como objetivo estimar as
prevaléncias de BPN, prematuridade e restricao de crescimento intra-uterino (RCIU) e investigar seus determinantes
na primeira coorte de nascimentos indigenas no Brasil.

Métodos: Este estudo transversal utilizou dados de linha de base coletados da primeira coorte de nascimentos
indigenas no Brasil, a Coorte de Nascimentos Guarani. O Brasil € um dos paises com maior diversidade étnica do
mundo, com 305 povos indigenas e 274 linguas nativas. Os Guarani sdo uma das cinco maiores etnias, com aldeias
localizadas principalmente na regiao sul. Todos os nascimentos uUnicos de 1° de junho de 2014 a 31 de maio de
2016 foram selecionados em 63 aldeias indigenas Guarani nas regides Sul e Sudeste. Foi realizada regressao
logistica multipla hierdrquica.
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7.21; 1C 95%: 1,29-40,38).

Restricao de crescimento intrauterino, Prevaléncia

Resultados: As taxas de prevaléncia de BPN, prematuridade e RCIU foram 15,5, 15,6 e 5,7%, respectivamente. As
chances de BPN foram menores em recém-nascidos de maes que vivem em casas de tijolo e argamassa (OR: 0,25;
IC 95%: 0,07-0,84) e foram maiores em filhos de maes <20 anos de idade (OR: 2,4; IC 95%: 1,29-4,44) e com anemia
cronica antes da gravidez (OR: 6,41; IC 95%: 1,70-24,16). A prematuridade foi estatisticamente associada ao tipo de
fonte de energia para cozinhar (fogdo a lenha - OR: 3,87; IC 95%: 1,71-8,78 e fogueiras - OR: 2,57; IC 95%: 1,31-5,01).
RCIU foi associado a primiparidade (OR: 4,66; IC 95%: 1,68-12,95) e anemia materna crénica antes da gravidez (OR:

Conclusdes: Idade materna, estado nutricional e paridade, condicdes de moradia e exposicdo a poluicao interna
foram associados com resultados perinatais na populacdo indigena Guarani. Esses resultados indicam a necessidade
de investir no acesso e melhoria da assisténcia pré-natal; também no fortalecimento do Subsistema de Saude
Indigena, e em acdes intersetoriais para o desenvolvimento de politicas habitacionais e de saneamento e melhorias
ambientais ajustadas as necessidades e conhecimentos dos povos indigenas.

Palavras-chave: Populacao indigena, C saude das hildren, Baixo peso de nascimento, Nascimento prematuro,

fundo

O baixo peso ao nascer (BPN) continua sendo um pro-
blema de sadde global altamente relevante, associado a
uma série de resultados adversos de saide ao longo da
vida [1]. O peso ao nascer pode ser determinado tanto
pelo crescimento fetal quanto pela duragdo da gravidez
[2]. Criangas com BPN apresentam risco aumentado de
infeccoes [3, 4], atrasos no crescimento e no desenvolvi-
mento fisico e cognitivo [5] e mortalidade [6]. As reper-
cussdes do BPN duram até a idade adulta, conferindo
maior risco de doencgas cronicas ndo transmissiveis e
mortalidade por todas as causas e cardiovascular [7]
Além disso, estudos relatam efeitos socioecondmicos
diretos, evidenciados pela associagdo com menores niveis
de escolaridade, menores taxas de emprego e maior
dependéncia de beneficios sociais [8].

A prevaléncia global estimada de BPN ultrapassa 15%,
correspondendo a cerca de 20 milhoes de nascimentos.
Embora essa taxa seja alta, parece ter sido subestimada,
uma vez que mais de 95% dos casos de BPN ocorrem
em paises em desenvolvimento e nas populacdes mais
vulneréveis, onde hd uma propor¢io maior de partos em
casa e dados menos confidveis registrados sobre o peso
ao nascer [1] . A identificacdo de populagdes com risco
aumentado de BPN e que enfrentam barreiras para aces-
sar politicas de saude e nutricdo sdo, portanto, uma
prioridade de saude global [1]. Além disso, identificar a
contribuicdo da prematuridade e da restricdo de cresci-
mento intrauterino (RCIU) para o BPN e suas causas
subjacentes pode fornecer etapas essenciais para a pre-
vencdo dessa condicdo e de seus efeitos sobre a sadde.

Os povos indigenas séo considerados populagdes mar-
ginalizadas e em grande parte experimentam baixos
padroes de saude [9-11]. Anderson et al. [9] compar-
aram os indicadores socioeconémicos e de saude de 28
povos indigenas em 23 pafses com os respectivos

indicadores de popula¢des de referéncia nio indigenas e
mostraram uma desvantagem sistemdtica para os povos
indigenas, incluindo a prevaléncia de BPN. Apesar da
vasta literatura internacional sobre BPN, sdo poucos os
estudos relacionados aos povos indigenas, principal-
mente na América Latina como um todo e no Brasil
[12], pais com uma das populagdes indigenas mais diver-
sificadas socialmente do mundo [13].

Uma revisdo sistemdtica recente [12] constatou que os
fatores de risco para BPN em povos indigenas sdo semel-
hantes aos identificados em populagdes ndo indigenas
com baixo nivel socioecondmico. Estas incluiram causas
obstétricas como primiparidade [14—16] e histéria de
prematuridade [15, 17-19], natimorto [16, 18] ou aborto
[16], hipertensdo induzida pela gravidez [15, 17, 19] e
infeccdo urindria durante a gravidez [15, 17, 19]. Os
autores também encontraram fatores de risco relaciona-
dos ao estado nutricional materno, incluindo baixo
ganho de peso gestacional [17], desnutri¢do pré-gestacio-
nal [18] e anemia [15], bem como acesso limitado aos
servicos de saide [20, 21]. Multiplos determinantes de
BPN, conforme descritos na literatura, coexistem entre
os povos indigenas no Brasil, além de uma alta carga de
resultados adversos a saude geralmente associados ao
BPN, como hospitalizacdo infantil e morte por infeccio
respiratéria aguda, diarreia e desnutricdo [22-28]. Essas
evidéncias sugerem que o BPN pode ser um determi-
nante relevante da morbimortalidade infantil em grupos
indigenas no Brasil.

De acordo com o censo nacional mais recente, reali-
zado em 2010, havia 896,9 mil indigenas no Brasil, cor-
respondendo a 0,4% da populacdo nacional [13]. Destes,
aproximadamente 85.000 sdo Guarani, ou seja, 9,5% da
populagéo indigena. Os Guarani sdo divididos em trés
subgrupos étnicos baseados em especificidades religiosas,
linguisticas e culturais - os Kaiowa, os Nhandéva e os



Barreto et al. BMC Pregnancy and Childbirth (2020) 20:748

Mbya. Os Mbya tém a menor populagdo, cerca de
25.000 pessoas, um terco (8.000) das quais vive na costa
sul [13, 29]. A faixa litoranea faz parte do territério tra-
dicional da populacio Mbya e embora nossos estudos
tenham sido realizados com todos os Guarani que vivem
nesta localidade, a grande maioria deles sio Mbya.

Nos udltimos anos, estudos epidemioldgicos sobre a
saude de criancas Guarani nesta drea relataram altas
taxas e proporg¢des de hospitalizagdo [30] e morte [31]
por infeccdes agudas do trato respiratério inferior em
criancas menores de cinco anos, especialmente em
bebés. As taxas tém superado as estimativas correspon-
dentes entre outras etnias indigenas e nio indigenas. O
BPN foi um fator de risco independente para hospitaliza-
¢do de criangas Guarani por infec¢des agudas do trato
respiratério inferior em um estudo de caso-controle pro-
spectivo de base populacional [23] Além disso, resulta-
dos da Primeira Pesquisa Nacional de Saude e Nutri¢do
Indigena do Brasil relataram maior prevaléncia de pneu-
monia em criangas da regido sul, que foi independente-
mente associada ao BPN [22]. Com o objetivo de gerar
evidéncias cientificas robustas sobre os determinantes da
satde infantil Guarani, visando reduzir a morbimortali-
dade por causas evitdveis, e com foco nas infecgdes
respiratorias agudas, realizamos recentemente o pri-
meiro estudo de uma coorte de nascimentos indigenas
no Brasil - o Coorte de Nascimentos Guarani.

O objetivo deste estudo foi estimar as taxas de preva-
léncia de BPN, prematuridade e RCIU, investigar seus
determinantes e caracterizar a contribuicdo relativa da
prematuridade e RCIU para o BPN nos dados basais da
Coorte de Nascimentos Guarani.

Métodos

Este estudo transversal utilizou dados de linha de base
coletados da Coorte de Nascimentos Guarani; os partici-
pantes foram recrutados de 1° de junho de 2014 a 31 de
maio de 2016.

Desde 1999, o Brasil implantou o Subsistema de Sadde
Indigena (SASI-SUS) como parte do Sistema Unico de
Saude (SUS). O SASI-SUS estd organizado em 34 Distri-
tos Sanitdrios Sanitdrios Indigenas, cada um deles com
Equipes Multidisciplinares de Sadde Indigena (EMSI).
Essas equipes sdo responsdveis pela atencdo bésica as
aldeias, coordenando o atendimento e vinculando o Sub-
sistema aos demais niveis de complexidade da assisténcia
do SUS, garantindo a integralidade da satde indigena.
Em relacdo a gravidez e ao parto, os enfermeiros e médi-
cos da atencdo bésica sdo responsdveis pelo pré-natal
nas aldeias, com base em protocolos do Ministério da
Saude e as gestantes de alto risco sdo encaminhadas para
especialistas em obstetricia do SUS nos municipios
préximos.
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O estudo da Coorte de Nascimentos Guarani foi
implementado em colaboragio com os dois Distritos
Sanitarios Indigenas existentes no Sul e Sudeste do Bra-
sil, a fim de investigar os determinantes da saude infantil
nos Guarani [32] A populagdo investigada vive em vilas
e acampamentos, principalmente na faixa litoranea da
regido sul, cercada pelas maiores cidades do Brasil,
expondo-a a condig¢des de vida desfavordveis, como terri-
térios pequenos, degradados, poluidos e populosos. A
maioria das aldeias Guarani possui algum grau de acesso
ao sistema municipal de satde das cidades circunvizin-
has, e o SASI-SUS oferece apoio quando a populagio
utiliza servigos externos, por exemplo, transporte ou ali-
mentagdo. A maioria das aldeias possui parteiras indi-
genas que realizam partos domiciliares, o que representa
28,5% dos partos na coorte Guarani.

Participants in the study were recruited from 63 vil-
lages (75.9%) of the 83 existing Guarani villages on the
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
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Fig. 1 Geographic Location of Villages and Indigenous Lands in the South and Southeast of Brazil
.

discharge 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 ques-
tions to measure specific variables related to the out-
comes 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.

O questiondrio (Arquivo suplementar 1) era composto
por 102 questdes e algumas subquestdes dependentes,
que foram organizadas em blocos a serem preenchidos
durante a entrevista com a mie (33 itens). Algumas
informacoes foram extraidas de registros secundarios (69
itens), para evitar entrevistas desnecessariamente longas
para o participante. O tempo total para preenchimento
do questiondrio foi de cerca de uma hora, incluindo uma
entrevista de 30 minutos.

As respostas as perguntas da entrevista foram coleta-
das por meio de entrevista face a face com as maies ou,
alternativamente, com outro parente da crianga. O ques-
tiondrio foi elaborado em formato digital, operado em
um PDA (Personal Digital Assistant) de mao, com pos-
terior transmissdo online dos dados aos coordenadores
do estudo. Diversas estratégias de controle de qualidade
foram adotadas para garantir o melhor preenchimento
dos questiondrios; no entanto, alguns registros estavam
incompletos devido a falta de informagdes nas fontes
secunddrias disponiveis ou porque os entrevistadores
nio receberam uma resposta do entrevistado. Para

minimizar a perda de dados e garantir a qualidade da
informacio, visitas periddicas aos postos de saude da
aldeia foram agendadas pelos coordenadores do estudo
para extrair dados secunddrios registrados nos prontudr-
ios das maes e bebés, cartdes de pré-natal,

Resultados do estudo

Trés desfechos-alvo foram considerados: (1) baixo peso
ao nascer - BPN; (2) prematuridade; e (3) restricio de
crescimento intrauterino - RCIU. Os dados usados para
estimar os trés desfechos foram extraidos pelos entrevis-
tadores das seguintes fontes secunddrias: certidio de
nascimento, livreto de saide da crianca e prontudrio
hospitalar ou ambulatorial.

BPN foi definido como peso ao nascer <2.500 g. A
idade gestacional ao nascimento foi calculada pelo
seguinte algoritmo: estimativa diretamente a partir de
laudo de ultrassom emitido em qualquer momento da
gestacdo; na auséncia de tal laudo, utilizar o registro da
idade gestacional no prontudrio da mae ou no cartdo de
pré-natal, com base na ultrassonografia informada pelo
médico ou enfermeiro, ou, alternativamente, com base
na data da dltima menstruagdo (DLM) registrada no
prontudrio materno ou cartdo de pré-natal [33]. A idade
gestacional ao nascimento foi categorizada em prema-
tura ou a termo. A prematuridade foi definida como a
idade gestacional ao nascimento <37 semanas.

Calculamos o IUGR wusando o programa INTE
RGROWTH-21st. RCIU foi definido como escore Z de
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peso ao nascer para idade gestacional < - 2 desvios-
padrio (DP), de acordo com o Consércio Internacional
de Crescimento Fetal e Recém-nascido para o Século
XXI (INTE RGROWTH-21st) [34].

Variaveis de exposicao

Socio-econémico

“Renda regular domiciliar per capita no ultimo més” foi
calculada como a soma dos saldrios do trabalho formal,
transferéncias condicionais de dinheiro (Bolsa Familia),
beneficios de aposentadoria e pensoes de todos os resi-
dentes com 10 anos ou mais de idade no més anterior,
divididos pelo ntimero de residentes no domicilio. Esta
variavel foi categorizada em niveis de pobreza definidos
pelo Banco Mundial com base na renda per capita didria
em dolares: acima da linha de pobreza > US $ 5,50/dia;
pobreza, <US $ 5,50/dia a US $ 1,90/dia; e pobreza ex-
trema < US $ 1,90/dia [35].

Caracteristicas domésticas

“Habitacdo de tijolo e argamassa” foi definida pela com-
binacdo de materiais de construcdo usados para o piso,
paredes e telhado, como “sim” (paredes de tijolos, ladril-
hos ou piso de cimento e zinco, amianto ou telhas de
cerdmica) ou “ ndo "(toras, madeira, palha, barro e out-
ros); e “uso de cobertura adicional nas paredes ou teto”,
categorizada em “ndo” ou “sim” (uso de lonas, lonas
plésticas, cobertores ou tecido para aumentar a durabil-
idade da casa e proteger os moradores das intempéries).

Varidveis reprodutivas, acesso a cuidados pré-natais e
morbidade materna

A adequacgdo da assisténcia pré-natal foi avaliada por
dois indicadores, conforme proposto por Domingues
et al. [36] O indicador (1) foi o acesso ao pré-natal ade-
quado, quando a consulta de pré-natal ocorreu antes do
quarto més de gestacdo (16 semanas) e o numero de
consultas correspondeu a recomendagdo para a idade
gestacional no final da gravidez. O indicador (2) foi o
acesso ao pré-natal quando as condicdes especificadas
no indicador 1 foram atendidas e os exames laboratoriais
de rotina foram realizados pelo menos uma vez durante
a gravidez (tipo sanguineo, hemoglobina/hematdcrito,
glicemia, VDRL, teste de HIV e simples teste de urina
ou cultura de urina) e vacinacdo antitetanica materna, de
acordo com o esquema recomendado. Uma vez que a
entrevista perinatal foi idealmente realizada dentro de 15
dias apds o parto e a consulta de acompanhamento pds-
parto pode ser agendada até 42 dias ap6s o parto, a con-
sulta pés-parto nédo foi considerada na definicdo de cui-
dado pré-natal adequado [36]. O indicador 2 é, portanto,
um teste de adequagdo mais rigoroso do que o indicador
1.
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Hipertensdo pré-gestacional e hipertensao gestacional
foram agregadas na varidvel “hipertensdo materna”. Os
dados sobre “hipertensdo materna”, “infecgdo urindria na
gestacdo” e “anemia materna cronica” antes da gestacdo
foram obtidos nos cartdes de pré-natal ou prontudrios
das pacientes.

O estado nutricional pré-gestacional foi classificado de
acordo com o IMC (peso/altura ) com base no peso
apenas antes da 13* semana de gestagio. O IMC pré-
gestacional foi classificado como baixo peso (<18,5 kg/m
%), peso normal (18,5-24,9 kg/m %), sobrepeso (25,0-29,
9 kg/m 2) e obesidade (= 30 kg/m 2). Para fins de analise,
o sobrepeso e a obesidade foram agrupados em uma
categoria, excesso de peso (IMC > 25,0 kg/m ).

O ganho de peso gestacional foi calculado com base
nas recomendacdes do Institute of Medicine de acordo
com o IMC pré-gestacional: baixo peso - um ganho de
12,5-18 kg; peso normal - ganho de 11,5-16 kg; sobre-
peso - um ganho de 7-11,5 kg; e obeso - um ganho de 5-
9 kg. Dividimos o ganho de peso gestacional em trés
categorias: baixo, se o ganho de peso estava abaixo do
recomendado; adequado se estivesse dentro da recomen-
dacdo; e excessivo, se estiver acima da recomendagdo. O
ganho de peso gestacional total foi ajustado para a dura-
¢do da gestacio no momento em que o peso final foi
coletado [37].

Hdbitos maternos durante a gravidez

“Fumar durante a gravidez” foi definido como fumar
pelo menos um cigarro feito em fabrica por dia durante
a gravidez, classificado como sim ou ndo. “Consumo de
alcool na gestacdo” foi definido como consumo de élcool
por pelo menos um trimestre, independente do periodo
da gestagdo, numero de doses ou tipo de bebida, cate-
gorizado em sim ou ndo.

Varidveis adicionais sobre caracteristicas do domicilio,
caracteristicas maternas, variaveis reprodutivas e tipo de
parto foram consideradas autoexplicativas e sdo apresen-
tadas apenas nas tabelas. Apenas os partos hospitalares
foram considerados no célculo da taxa de cesérea.

Anadlise de dados
Como primeira etapa da andlise, foram excluidos os
valores extremos das varidveis que compunham os desfe-
chos de interesse considerados implausiveis. Esse foi o
caso para idade gestacional <20 semanas e> 44 semanas
e escore Z de peso ao nascer para idade gestacional <- 4
DP ou> 4 DP, ambos usados para estimativas de RCIU.
Uma andlise descritiva comparativa foi feita entre nas-
cimentos recrutados e ndo recrutados de acordo com
algumas varidveis, incluindo taxas dos resultados alvo do
estudo, seguida por uma andlise descritiva das taxas de
nascimentos recrutados e as taxas de prevaléncia para os
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Variables Outcomes
Level 3

Variables Variables
Level 1 Level 2
/Socioeconomic \ /Reproductive \

* Regular percapita o Parity

household income o History of abortions

and stillbirths

Household
o Principal energy Quality of prenatal care

source e Completion of
© Brick and mortar minimum prenatal

housing guidelines

o Use of additional
covering on walls or
ceiling.

Maternal

e Age

© Height

® Schooling

© Marital status

\ AN /

/Maternal morbidity \

e Hypertension

e Urinary infection in
pregnancy

LBW

Maternal nutritional

status

Prematurity

o First-trimester anemia

o Pregestational IUGR
nutritional status

o Gestational weight gain

Maternal habits in
pregnancy

® Smoking

o Useofalcohol.

Type of delivery
o Cesarean

Child’s sex*

$ Proximal

Distal

Notes: IUGR~ intrauterine growth restriction;

according to the child’s sex.

Sul e Sudeste do Brasil
A\

*Child’s sex was not included in the model for IUGR, since the latter is calculated

Figura 2 Modelo tedrico hierdrquico de determinacdo do BPN, prematuridade e restricdo de crescimento intrauterino na populagdo Guarani no

resultados BPN, prematuridade e RCIU de acordo com
as categorias de varidveis independentes.

Foram analisadas as associa¢bes brutas entre as varid-
veis independentes e os desfechos, estimando-se os odds
ratios (OR) brutos com respectivos intervalos de con-
fianca de 95% (IC95%) por meio de regressdo logistica.
Para a andlise multivariada, optou-se pela regressdo
logistica hierarquica utilizando um modelo tedrico de
determinacdo do desfecho baseado no modelo original-
mente proposto por Victora et al. [38] e adaptado as car-
acteristicas da populacdo em estudo (fig. 2).

Andlises separadas foram realizadas para cada um dos
trés resultados-alvo do estudo. A ordem de entrada dos
blocos de varidveis no modelo de regressio multivariada
foi definida pelos niveis hierdrquicos do modelo tedrico,
do nivel mais distal (nivel 1) ao mais proximal (nivel 3).
O nivel 1 foi composto por varidveis socioeconomicas,
domiciliares e caracteristicas maternas. O nivel 2 consis-
tiu nas varidveis reprodutivas e qualidade da assisténcia
pré-natal e o nivel 3 consistiu na morbidade e nutricdo
materna, hdbitos maternos durante a gravidez, tipo de
parto e sexo da crianca.

As variaveis do nivel 1 que atingiram significancia p <
0,20 na regressdo logistica simples foram incluidas con-
juntamente no modelo de regressdo multivariada perten-
cente a este nivel, adotando-se o procedimento
backward para exclusdo stepwise das varidveis de menor

significancia estatistica, até o modelo final em este nivel
incluiu apenas varidveis com significancia de p <0,05.

Para cada varidvel de nivel 2, estimamos o OR ajustado
pelas varidveis significativas mantidas no nivel 1. As var-
idveis do nivel 2 que alcancaram significAncia em p <0,
20 foram incluidas conjuntamente no modelo de regres-
sdo multipla para este nivel, juntamente com as varidveis
mantidas em o modelo final do nivel anterior (nivel 1).
O procedimento backward foi entdo utilizado com
exclusdo stepwise das varidveis de menor significancia
estatistica até que o modelo final neste nivel apenas
mantivesse as varidveis com significiAncia em p <0,05,
ajustadas pelas varidveis mantidas no nivel 1 e ajustadas
mutuamente pelas varidveis mantidas no nivel 2.

Para o nivel 3, os procedimentos analiticos foram reali-
zados conforme descrito para o nivel anterior até que o
modelo final de determinagdo para cada um dos resulta-
dos alvo fosse alcancado.

O sexo da crianga ndo foi utilizado como variavel no
modelo para RCIU, uma vez que esse indicador é calcu-
lado separadamente para meninos e meninas.

O programa R versdo 3.4.2 foi usado para as analises
[39].

Aspectos éticos
O estudo de coorte foi aprovado pela Comissido Nacional
de Etica em Pesquisa (CONEP n° 719/2010) e pelo
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Comité de Pesquisa da Escola Nacional de Saude Publica
da Funda¢io Oswaldo Cruz (CEP/ENSP n° 160/10). A
Coorte Guarani foi autorizada pelas liderancas indigenas
que assinaram o Termo de Consentimento Livre e
Esclarecido, além do consentimento verbal individual
das mées ou responsaveis e da autorizagio da Fundacdo
Nacional de Satde do Brasil para o ingresso em territor-
ios indigenas para fins de pesquisa cientifica. Este sub-
projeto da Coorte foi aprovado pelo Comité de Etica em
Pesquisa da Escola Nacional de Saude Publica da Funda-
¢do Oswaldo Cruz (CEP/ENSP), protocolo numero
1.821.137.

A autorizagdo da Coorte de Nascimentos Guarani
pelas comunidades indigenas teve inicio em 2013. A pro-
posta previamente aprovada por outros féruns éticos e
de servigos de satde foi apresentada na reunido do Con-
selho Distrital, forum regional de controle social do
SASI-SUS, igualmente composto por gestores de satde,
profissionais de saide e usudrios indigenas. Apés essa
aprovacdo, o coordenador da pesquisa visitou todas as
aldeias do territério durante um periodo de seis meses e
apresentou os resultados de estudos anteriores as lider-
angas locais, membros da comunidade interessados e
profissionais de satide locais, incluindo agentes comuni-
térios indigenas de satde, para solicitar autorizagdo. para
a nova pesquisa. O Termo de Consentimento Livre e
Esclarecido Coletivo foi redigido em portugués, que é
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razoavelmente bem compreendido e falado pela maioria
dos guaranis, embora os agentes indigenas de sadde e
outros membros mais jovens das comunidades atuem
sempre como mediadores de comunicacdo nas aldeias.
Esta apresentacido foi pautada pelo didlogo e os partici-
pantes tiveram a oportunidade de colocar questdes e
sugestoes. Das 83 aldeias, apenas uma ndo tinha inter-
esse em participar e 63 tinham condi¢des adequadas
para realizar a pesquisa.

A equipe de pesquisa realizou, entdo, sete workshops
regionais e um workshop centralizado para capacitagao
técnica de equipes de satde indigena na estratégia da
OMS de Atencdo Integrada as Doencas Prevalentes na
Infancia-AIDPI e nos procedimentos de vigilincia e
coleta de dados. O estudo desta coorte foi entdo iniciado
em junho de 2014. O recrutamento de cada recém-nas-
cido no periodo de 2 anos foi feito pela equipe de saude
local com a participagio de agentes indigenas de saude,
que foram treinados para explicar a pesquisa e obter
informacgdes individuais verbais consentimento, con-
forme previsto no protocolo de pesquisa e aprovado pelo
CEP/ENSP e pela CONEP, com base nas situagdes pre-
vistas na legislacdo nacional de pesquisa com povos indi-
genas. A recusa de consentimento ou posterior retirada
desse consentimento foi possivel a qualquer momento
sem penalidade. Acreditamos que o projeto de pesquisa
ajudou os pais a aprenderem a identificar eles préprios

Table 1 Andlise comparativa das caracteristicas selecionadas em criangas recrutadas e ndo recrutadas. Linha de Base da Coorte de

Nascimentos Guarani, Sul e Sudeste do Brasil, 2014 - 2016.

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)
Sao 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 (62.1) 0.045*
Female 197 (45.3) 173 (47.9) 24 (32.4) :
Total Recruited Not recruited
Means. Standard Mean Medi Mean Medi Mean Medi .
iati edian edian edian p-value
devnz.mons (SD), and (SD) (SD) (SD) P
medians
Birthweight (g) 2,912 2,910 2,917.6 2,915 2,877.7 2,860  0.607
(469.3) (450.9) (570.4)
GA (weeks) 38.1 39.0 38.1 39.0 383 39.0  0.695
(3.0) @7 (3.0)
Birthweight z-score -0.15 -0.14 -0.13 -0.14 -0.30 -0.13  0.354
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(18.3) 0.646
Prematurity 63 (15.3) 57 (16.1) 6(10.5) 0.379
IUGR 23 (5.7) 16 (4.6) 7(13.5) 0.019*

Notes: GA= Gestational age; LBW= low birthweight; [IUGR= intrauterine growth restriction.
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os sinais da gravidade da doenca em seus filhos. Embora
a iniciativa tenha se constituido em pesquisa cientifica,
ela, no entanto, desempenhou um papel na atuagio das
equipes de sadde indigena, contribuindo para a capacita-
¢do técnica, a vigilancia ativa e a identificacio e manejo
oportunos das doencas e agravos de alta prevaléncia na
populagdo infantil.

Resultados

Houve 435 nascimentos elegiveis na area de estudo, e 74
(17,0%) destes ndo foram recrutados. Os sujeitos ndo
recrutados foram: duas recusas, um 6bito neonatal, trés
migracoes fora da drea de estudo logo apds o nasci-
mento e 68 falhas no recrutamento por lacunas na vigi-
lancia da Equipe Multidisciplinar de Satde Indigena
(EMSI). A Tabela 1 mostra uma comparagido de carac-
teristicas entre criangas recrutadas e nio recrutadas.

Houve maiores proporg¢des de ndo recrutamento entre
os meninos e entre os nascimentos nos estados do Rio
de Janeiro e Rio Grande do Sul (Quadro 1). Ndo foram
observadas diferencas estatisticamente significativas no
peso médio ao nascer, na idade gestacional ao nascer e
no escore Z do peso ao nascer para a idade gestacional
entre criangas recrutadas e ndo recrutadas. Tendo em
vista o nivel reduzido de dados faltantes, realizamos uma
andlise completa do caso.

As taxas gerais de prevaléncia de BPN, prematuridade
e RCIU foram de 15,5, 15,3 e 5,7%, respectivamente.
Néo houve diferenca estatisticamente significativa nas
taxas de prevaléncia de BPN e prematuridade entre
criangas recrutadas e ndo recrutadas. No entanto, a pre-
valéncia de RCIU foi significativamente menor em crian-
cas recrutadas. Em mais de dois tercos dos casos (69,
8%), a prematuridade foi tardia (34 a 36 semanas). Quase
metade (48,2%) dos bebés BPN nasceram prematura-
mente e um quarto teve RCIU.

A andlise descritiva da linha de base da coorte e inves-
tigacdo dos determinantes dos desfechos a partir deste
momento, bem como os resultados apresentados nas
Tabelas 2, 3, 4 e 5, referem-se apenas aos 361 partos
recrutados.

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 2).

The proportion of mothers under 20 years of age was
36.8%, with mean maternal age of 23.9 years (SD: 7.6)
and median of 22 years; 64.8% of the mothers were <
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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 2).

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 2).

Five variables from hierarchical level 1 showed crude
significant association with LBW at p <0.20 (Table 3).
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
(<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 4). 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 4).

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 5).
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Tabela 2 Numero e proporcao de nascimentos e taxas de prevaléncia de BPN, prematuridade e RCIU segundo categorias de
varidveis exploratérias. Linha de base da Coorte de Nascimentos Guarani, Sul e Sudeste do Brasil, 2014-2016

Nivel hierarquico, dimensao e variavel = Nascimentos Prevaléncia de BPN Prevaléncia de prematuridade Prevaléncia IUGR
N (%) N (%) N (%) N (%)

Nivel 1
Caracteristicas socioeconémicas

Renda per capita regular (U $)

Pobreza extrema 241 66,8 38 158 40 169 12 52
Pobreza 120 33,22 16 134 17 143 4 34
Acima da linha da pobreza 0 - 0 - 0 - 0 -

Caracteristicas domésticas

Principal fonte de energia para cozinhar

Fogao a gas 178 493 20 1,3 17 98 9 52

Fogéo a lenha 44 12,2 9 209 13 29,5 2 49

Fogueira 116 32,1 20 17,2 25 21,7 5 43
Carcaca de tijolo e argamassa

Nao 302 83,7 51 169 47 158 16 54

sim 59 163 3 52 10 17,5 0

Cobertura adicional nas paredes e teto
Nao 149 41,3 17 11,5 29 199 6 43
sim 212 58,7 37 17,5 28 134 10 4.8
Caracteristicas maternas

|dade materna (anos)

<20 133 36,8 29 218 25 19,1 9 6,9
20-34 196 543 21 10,8 25 13,0 6 3.2
=35 32 89 4 12,5 7 219 1 3,1

Altura materna (cm)

> 150 116 32,1 13 1,2 16 14,0 5 44

<150 234 64,8 39 16,8 39 16,8 10 44
Escolaridade materna

Secundario ou universidade 40 11,1 6 15.0 4 10,0 2 50

Primario 188 52,1 28 15.0 25 13,6 1" 6,1

Sem escolaridade formal 107 29,6 14 13,2 23 21,5 2 19
Estado civil

Com marido / companheiro 279 773 40 144 43 156 10 3,7

Sem marido / companheiro 82 22,7 14 173 14 17,7 6 77

Nivel 2

Variaveis reprodutivas

Paridade
Multiparas 276 76,5 34 124 39 14,3 7 26
Primipara 84 233 20 238 18 22,0 9 1,1
Natimortos ou abortos
Néo 65 18,0 8 123 8 123 1 16
sim 290 80,3 45 156 48 16,8 14 50

Qualidade do atendimento pré-natal
Indicador limitado

Adequado 207 573 26 12,7 25 12,2 10 5.0
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Tabela 2 Numero e proporcao de nascimentos e taxas de prevaléncia de BPN, prematuridade e RCIU segundo categorias de
varidveis exploratérias. Linha de base da Coorte de Nascimentos Guarani, Sul e Sudeste do Brasil, 2014-2016 (Continued)

Nivel hierarquico, dimensao e variavel = Nascimentos

Prevaléncia de BPN

Prevaléncia de prematuridade Prevaléncia IUGR

N (%) N (%) N (%) N (%)
Inadequada 153 24 28 183 32 21,5 6 4,1
Indicador expandido
Adequado 184 51.0 24 132 22 120 9 50
Inadequate 176 488 30 17.0 34 199 7 4.1
Level 3
Maternal morbidity
Hypertension
No 345 95.6 50 14.6 55 16.1 14 4.2
Yes 9 2.5 3 333 1 1.1 1 1.1
Urinary infection
No 260 720 37 14.3 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 344 953 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 211 584 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 56 168 15 4.6
Yes 20 55 2 100 1 50 1 50
Alcohol use in pregnancy
No 336 93.1 48 144 52 157 15 4.6
Yes 22 6.1 6 273 5 238 1 4.8
Type of deliveries (hospital only)
Vaginal 207 573 35 17.0 33 16.2 10 50
Cesarean 43 19 5 1.6 3 7.1 1 23
Child’s sex
Female 173 479 31 179 26 153 - -
Male 186 515 22 120 31 16.8

Four variables from hierarchical level 1 showed crude
association with prematurity at p < 0.20 (Table 3). 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,
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Table 3 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) 0.679 0.57 (031-1.07) 0.082*% 327 (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

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 5).
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 3). 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 4). 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
pregnancy (OR: 7.21, CI95%: 1.29-40.38) was the only
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Table 4 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 4 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 5 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



Barreto et al. BMC Pregnancy and Childbirth (2020) 20:748

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 5).

Discussion

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
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 preva-
lence rates among the Aboriginal peoples in remote
areas of Australia (17.4%) [15]. Prevalence of prematurity
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 preva-
lence rates among the Aboriginal peoples of Australia
(19.4%), which were the highest prevalence rates of pre-
maturity reported in the literature [15]. Meanwhile,
prevalence of IUGR in the Guarani was lower than the
rates described in non-indigenous populations in Brazil
that used the same reference curve as this study (9.3%)
[43]. Prevalence was close to the rates reported in indi-
genous populations in different regions of the world
(7.8%) [41], and lower than the prevalence rates in Abo-
riginal peoples in Australia (16.3%) [15]. However, the
curves used to assess fetal growth in the latter two stud-
ies were different, which may limit direct comparisons of
the results. No studies were found that describe the
prevalence of prematurity or IUGR in indigenous peo-
ples 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.
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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
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
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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
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 find-
ing corroborates the findings from previous studies in
both indigenous [15] and non-indigenous populations
[50]. According to Bernabé et al. [50], the vascular mat-
uration of uterine structures occurs in the first preg-
nancy, making the structures more sensitive to
gestational stimuli. In subsequent pregnancies, the ma-
turity of the reproductive structure allows more appro-
priate 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
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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
consultations and the availability of testing for syphilis
and HIV [36]. For indigenous peoples, there has also
been a dramatic 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 la-
boratory monitoring and worse perinatal outcomes [26].
Better quality of prenatal care leads to better adoption of
preventive measures and timely access to effective inter-
ventions for the control of biological and environmental
risk factors associated with prematurity [36, 42]. This re-
sult 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
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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 hand, both LBW and prematurity would be under-
estimated by these same potential biases, and this does
not seem to have occurred. Since the prevalence of
IUGR was significantly higher among non-recruited chil-
dren, we suggest selection bias as the most likely explan-
ation. 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]. Despite this, our study detected associa-
tions with anemia before pregnancy and primiparity. We
believe that if the IUGR prevalence is underestimated,
the real magnitude of the associations would be even
greater, and additional unconfirmed 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
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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 envir-
onment. Emphasis should be given to strengthening the
Indigenous Healthcare Subsystem, allowing improved
access to primary healthcare by indigenous peoples 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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Additional file 1 Supplementary file 1. The Guarani Birth Cohort -
Perinatal Questionnaire Original Version (portuguese). The Perinatal
questionnaire 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. The ques-
tionnaire was designed in digital format, operated on a handheld per-
sonal digital assistant (PDA), with subsequent online data transmission to
the study coordinators. The perinatal questionnaire was designed by the
research team and was based on questionnaires from the National Cen-
sus, 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 discharge summary
after birth, the health card of the child, and the birth certificate.

Additional file 2 Supplementary file 2. The Guarani Birth Cohort -
Perinatal Questionnaire English version (translated). The Perinatal
questionnaire 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. The ques-
tionnaire was designed in digital format, operated on a handheld per-
sonal digital assistant (PDA), with subsequent online data transmission to
the study coordinators. The perinatal questionnaire was designed by the
research team and was based on questionnaires from the National Cen-
sus, 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 discharge summary
after birth, the health card of the child, and the birth certificate.
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