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RESUMO

Este estudo é parte 8mjetoInfancia e Poluentes AmbientgdRIPA). A contaminagéo
do meio ambiente com uma ampla variedadepaoleentes ambientaipode impactar os
ecossistemasliminuir a diversidade microbiana ambiergadlterar a microbiota associada ao
trato gastrointestinaNo entantop efeito da exposicdo a poluentes ambientais na microbiota
intestinal em desenvolvimento ainda é pome@stigadoEsta tese tem como objetiestudar
o efeito da exposicao a poluentes ambientais na microbiota inteiinaglte oprimeiros seis
meses de ida. Além de investigara relacdo entre @onsumo materno de alimentos
ultraprocessadosom niveis de poluentes no sangue de corddo umbiDogéne 16S rRNA
foi avaliadoem amostras deeconio e fezes de bebés cam, trés e seis meses de vida e 0
microkioma infantilfoi associada@om as concentracdes de metais (arsénio, cadmio, mercurio
e chumbo),substancias perfluoroaquiladas (PFASpesticidas aferidos no sangue e urina
maternos e no sangue de corddo umbili@atonsumo materno de alimentos ultraessados
foi investigado por meio de questionario de frequéncia alimeDsaresultados mostram que
o efeito da exposi¢éo aos poluentes foi maior quando associado a estressores do inicio da vida
como parto cesariano e nascimento-teréno emrelacdo a bebés que nasceram por parto
vaginal. O efeito da exposicdo aos poluentes na microbiota fecal também apresentou maior
magnitude em bebés soleitamento materno exclugiyo que sugere contaminacédo do leite
materno As alteracdes observadas narbiota associadas a exposi¢ao aos poluentes foram
diferentes quando os poluentes foram aferidos no sangue materno ou no cordao umbilical
sugerindo que o momento da exposicdo pode ser importante. Por fim, apesar da alta
variabilidade intrinseca a micriobta em desenvolvimenteomunidades microbianas foram
consistentemente afetadas por todos os poluentes,chamters de taxons presentes em
amostras de bebés com alta exposicao aos poluAféesdisso, recémmascidos de maes que
consumiram trés ou mamsubgrupos de alimentos ultraprocessados apresentaeaones
niveisde PFAS no corddo umbilicaDs resultados evidenciam que a exposi¢cao perinatal a
poluentes mbientaisse associaom alteragdes da microbiota em desenvolvimento o que pode
ter relevanciapara a saudeNossos achados mostram queconsumo de alimentos

ultraprocessados € uma via potencialmente importante de exposicao a essas substancias.

Palavraschave: Bluentes ambientais. Microbiota intestingColonizagdo microbiana.

Desenvolvimento infantilAlimento ultraprocessado.



ABSTRACT

This study is part of the PIPA Project (The Rio Birth Cohort Study of Environmental
Exposure and Childhood Developmemtdustrialization has led to substantial environmental
degradationncluding loss of the ecosystem diversitgmerging evidence suggests that gut
microbiota is a key player that must be considered to assess the toxicity of environmental
contaminants, althougstill not fully understoodThis thesis aims taletermire differences in
early microbiome composition inkarth cohort with varying exposure levels to environmental
pollutants (metals, PFAS, and pesticid&gsides, to investigatthe association of maternal
consumption ofultraprocessed foodsUPF9 with newborn exposure to environmental
pollutants. V. conducted 16S rRNA gene sequencing on meconium and developmental fecal
samples from the PIPA birth cohartd assessed maternal UPF consumjpisomg a qualitative
food frequency questionnairdhe results indicate that the magnitude of the microbiome
changes associated with increasing pollutant exposure was biggesbor©&nd CSorn
preterm babies, inefation to vaginally (VG) delivered infants. Notably, breastfeeding was
associated with a stronger pollutarsisociated effect on the infant feces, suggesting that the
exposure source could be maternal milk. Differences in microbiome effects associated wit
maternal blood or cord blood pollutant concentrations suggest that fetal exposufie time
intrauterine or perinatalmay matter. Finally, despite the high developmental microbiota
variability, specific microbionts were consistently affected across dlhitpots, with taxa
clusters found in samples from infants exposed to the highest toxicant exesubarns of
pregnant women who consumed three or more subgroups of UPF weekly presented the highest
level of PFASIn umbilical cord blood A doseresponseeffect trended toward significance
The results evidence that maternal exposure to environmental pollutants is associated with
alterations in gut microbiome development which may have health signific@océndings
al so suggest t h a b PRAS 18,bad leastsird pare gupe cosmateraal UPF

consumption.

Keywords:Gut microbiome Environmental pollutants€Early-life gut microbiomeMicrobial

colonization.Ultra-processed food.
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APRESENTACAO

Esta tese buscou estudar o efeito da exposi¢ao perinatal a poluentes ambientais na
colonizacdo microbiana intestinal no inicio da vidasta estruturada na forma de
coletinea composta por um capituitrodutérig dois manuscritosubmetidose um
artigo publicado em 2020.

O primeiro capitulo apresenta o referencial teérico que fundamentou este estudo,
em especial como ocorre a aquisicaarderobiota no inicio da vida. A importancia da
microbiota devido sua relacdo com o desenvolvimento de Orgdos e sistemas e
consequentemente a salde do hospedeiro. Este capitulo trata também de como ocorre a
exposicdo humana a poluentes ambientais e ce#es poluentes podem alterar a
microbiota ambiental e humana.

Os manuscritos e artigo serdo apresentados como resultados obtidos ao longo
destetrabalhocomo forma de concretizar os objetivos deste estudo. Os dois manuscritos
elaborados e o artigo publicaflaram realizados a partir de dados obtidos durante o
estudo piloto do PIPA (Projeto Infancia e Poluentes Ambientais) conduzido entre outubro
de 2017 a agosto de 2018.

O manuscrito APerinat al exposure to envi
alteredearlyl i f e gut opapiwlodd dvalia onefeito dé exposicdo a poluentes
ambientais na microbiota intestinal no inicio da vida.

Oartigo AFood consumption according to
diversity and sockadlemographic factors amongregnant women in Rio de Janeiro,

Brazil: The Rio Birth Cohort Study of Environmental Exposure and Childhood
Devel opment (apréséntadomo capitdoavalla@consumo de alimentos
ultraprocessados e néo ultraprocessados pelas gestantes estudadas pelo PIPA. Avalia
também fatores sociodemograficos relacionados ao consumo destes alimentos.

Este artigo foi publicado no periédiddutrition and Healthem 2020e sus resultados

foram tambémapresentados nos congres¥dsrld Public Health Nutrition Congress,
realizado virtualmente em 2020 na Australibnternational Society for Environmental
Epidemiologyrealizado em 2019 na Holanda.

O capitulo6, A Mat e r n a ltion ofoultr@ptocepsed foods and newborn
exposure to perfluoroalkyl substances (PFAS): Rio Birth Cohort Study on Environmental
Exposure and Chil dhood Devel opment (PIPA Pr
alimentos ultraprocessados casiconcentrag@sde substancias perfluoroalquiladas em

amostras de sangue de corddo umbilical. Este adigsubmetido para publicagdo no



Cadernos de Saude Publidgesultados oriundos deste estudo foram apresentados no
simpdésio eSymposi®ptimizing Nutrition for Matenal, Newborn and Child Health
realizado virtualmente em 202@s Estados Unidos

No sétimoe ultimo capitulo dss tesesdo apresentadas consideracoes finais,
incluindo as principais implicaces dos achatieste estudpara as pesquisas na area da
saide.

Por fim, destaco minha participacdo em atividades de pesquisa no Brasil e no
exterior como membro do PIPA/UFRJ e como pesquisadora visitante da Rutgers
University, New Jersey, USA. Aindaurante a realizacdo da tese tive dois projetos
contempladosem dois editais internacionaisBrazil Accelerator Fund, no valor d&
20,000 e duracdo de 12 meseso outro pela American National Institute of
Environmental Health Sciences (NIEHS, FABB005022 no valor deUSD 25,000e
duracdo dd.2 meses.
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1. INTRODUCAO
O PROCESSO DE COLONIZACAO BACTERIANA NO INICIO DA VIDA

O termo microbiota se refere a colecdo de microrganismos que habitam o0 nosso
corpo(CHARBONNEAU; BLANTON; DIGIULIO; RELMAN et al, 2016)e tem uma
funcdo primordial, que é a producdo de metabdlitos em concentragfes que promovem a
salide(BYNDLOSS; BAUMLER, 2018) A importancia da microbiota para a salde
humana é tdo grande que alguns autores a consideram como um Orgao do corpo € como
tal possui complexidade,alogia e fisiologia propria$BAQUERO; NOMBELA,

2012) No entanto esta visdo ndo é universalmente aceita, embora sua importajaia
(RICCIO; ROSSANO, 2020)A microbiota intestinal tem recebido especial atencao por
estar principalmente localizada no intestino, uma das maiores e mais importantes
interfaces entre o organismo e 0 exterior, responsavel pela digestadindestos,
manutengcdo da integridade intestinal, produtora de vitaminas, neurotransmissores e
outras substancias bioativas e cagsde afetar a funcéo de todas érgaos do organismo
humano(CHANG; LIN, 2016; THURSBY; JUGE, 2017)

A importanciadeste tema €é tanta que em 2007 o National Institute of Health (NIH)
aplicou 215 milhdes de dolares destirsam desenvolvimento do Projeto do Microbioma
Humano (HMP), que envolveu a participacdo de inUmeros centros de pesquisa, com 0
objetivo de descreveas colecdes de microrganismos que fazem parteinm
microbiomas humanos (pele, boca, trato gastrointdstitrato urogenital e nariz),
determinar suas funcdes e seus impactos sobre o orgamisnano e prover dados e
procedimentos padronizados paratee tipo de dasdo (GEVERS; KNIGHT,;
PETROSINO; HUANGet al, 2012)

O contato do organismo humano conmmasrorganismo®corre desde a gestacéo,
quando o feto € exposto uma carga microbioldgica influenciada por fatores maternos. A
exposicdo fetal a microrganismos e a esterilidade do ambiente intrauterincs@amnda
tema de debate no meio cientificoamja se conhece quaracrobiota da mae pode
exercer um efeito indireto sobre o feto por meio de fatores relacionados ao organismo
materno, como por exemplo, respostas imunes ou DNA e metabdlitos microbianos
capazes de atravessarem a barreira placentaria. Independente misém &aconsenso
gue a carga bacteriana mais importante recebida pelo bebé ocorre no momento do parto,
e este processo € conhecido como transmissédo verticaicdzbiota(DOMINGUEZ-

BELLO; GODOY-VITORINO; KNIGHT; BLASER, 2019)
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No inicio da vida a microbiota intestinal € altamente dinamica e apresenta alta
variacdo. Esta diversidade aumenta gradualmente até o estabelecimento de uma
microbiota adulta, mais estavel. O momento que esta transicdo ocorre é incerto, mas
acreditase que ocorrem torno do terceiro ano de vida. As primeiras bactérias a
colonizarem o intestino e o aumento gradual da diversidade, até um ecossistema mais
estavel é crucial para estabelecer uma simbiose 6tima com o hos@deP&REIS;
OOZEER; KNIPPING; BELZERet al, 2014)

Sejapela passageatravés da@anal vaginabu pelo parto cesariano, a microbiota
vaginal e da pele matermdou o ambiente hospitalar serés primeiros indculos de
microorganisms para o bebéA transmissao vertical tem continuidade durante todo o
periodo de aleitamentpelo contato do bebé com a m&e qual ocorre uma ampla
exposicao da microbiota presente na pele do seio matetambém parece ocorrer um
trafego de microorganismos do intestino para a glandula mamaria (conhecido como
trafego enteromamarip (TANG; XU; CHEN; YAN et al, 2019) além @ contetdo
nutricional do leite materno quenolda a colonizagdo bacteriana noidio da vida
(BROWNE; NEVILLE; FORSTER; LAWLEY, 2017)

Logo apoOs o0 nascimento,oontato direto doecémnascidocom o meiogue o
cercatambém pass a ser uma forma importante de aquisigianodificacdoda
microbiotg chamada transmisséo horizonfaiversos fatoresontribuem em maior ou
menor grau parasseprocessocomo fatores genéticos, a dietagontato com ameio
ambientéambienteconstruido a presenca de outras criancas domicilio, animais
domésticos, dentre outros (BROWNE; NEVILLE; FORSTER; LAWLEY, 2017;
GILBERT; STEPHENS, 2018)

Dentro deste context@ ecologia microbiana materna afeta duas fornma
naturais de aquisicdo de mooganismos pelo bepéepresentando o elo evolutivo na linha
matrilinear(DOMINGUEZ-BELLO; GODOY-VITORINO; KNIGHT; BLASER, 2019)

A microbiota materna émportante para a saude duranta gestacdo,para o
desenvolvimento fetat pelo fato de que este primeimdcuo preparaa colonizacéo
subsequente do bebBodos essefatoresvém sendo ampmenterelacionados com a
saude de seus descendentasm idade adulta(CHARBONNEAU; BLANTON;
DIGIULIO; RELMAN et al, 2016)

Apo6s 0 nascimento a microbioti bebé&continua se desenvolvendo de forma
conjunta com a maturacd@le outros 6rgaos e sistemas commonoldgico, metabdlico,

hormonal e nervoso. Alteracdes no processaalenizacaomicrobiana neste periodo
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podem ser a origem das doencas croniBAASER, 2017; STIEMSMA; MICHELS,
2018) Diversos estudoassocam perturbacdes da microbiota no inicio da vida com
efeitos duradouros como, sobrep@iBAKWA; SCHERES; PENDERS; MOMMERS
et al, 2016) obesidad€COX; BLASER, 2015)desnutricdo grav(SUBRAMANIAN;
HUQ; YATSUNENKO; HAQUEet al, 2014)atopia e asm@UJIMURA; SITARIK;
HAVSTAD; LIN et al, 2016)e distirbios psiquiatricoPARTTY; KALLIOMAKI;
WACKLIN; SALMINEN et al, 2015; STRATI; CAVALIERI; ALBANESE; DE
FELICEet al, 2017)

Outros estudos demonstmar que a transmissao vertical de determinados taxons
bacterianos poderia estar comprometida em decorréncia de algumas praticas nas fases
iniciais da vida como tipo de parto, uso de antibiéticos durante a ge$BA&IKHED;
ROSWALL; PENG; FENGet al, 2015; DOMINGUEZBELLO; COSTELLO;
CONTRERAS; MAGRISet al, 2010; RUTAYISIRE; HUANG; LIU; TAO, 2016)
obesidade materfaEMAS; YOUNG; BAKER; TOMCZIK et al, 2016) dieta materna
(CHU; ANTONY; MA; PRINCE et al, 2016)além donadcaleitamenta MULLIGAN;
FRIEDMAN, 2017) Estes eventos além d@entribuirempara odesaparecimentala
microbiota, ou seja, a perda da diversidade microbiana de longo(Bta28ER, 2017)
implicamem desfechos de salde ao longo da (8dJdEMSMA; MICHELS, 2018)

Estudos realizados em amastrde fezes provenientes de uma coorte de bebés
suecos (n= 98) demonstraram que 0sS primeiros microrganismos a colonizarem o trato
gastrointestinal dos bebés eram provenientes da microbiota materna e oschatoees
envolvidos na mudanca/montagem para uorebioma do tipo adulto estava relacionado
ao tipo de parto e cessacédo do aleitamento (e ndo a introducéo de alimentos sélidos), que
ocorreu em torno do 12° més de V{@ACKHED; ROSWALL; PENG; FENGet 4.,

2015)

As espécies pioneiras a colonizar o intestino do ret@suido sdo bactérias
anaerobias facultativas conftaphylococcus, Streptococcus, Enteroco¢eadencente
ao filo Firmicute), e Enterobacter spp(filo Proteobacteriy Essas bactériamrnam o
ambiente propicio para a colonizacdo subsequente por anaerdbios estritos, devido ao
consumo de oxigénio, alteracdo do pH, diminuicdo do potencial redox e producéo de
dioxido de carbono e nutrient¢IULLIGAN; FRIEDMAN, 2017). A sucessao no
processo de colonizacao feita por bactérias anaerdbias estritaBcomyjod o b a(dot e r i um
filo Actinobacterid, Bacteroides(do filo Bacteroidetes Clostridiume Eubacterium

spp., (do filo Firmicute) ira predominar depois de uma ou duas a®ms de vida
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(MULLIGAN; FRIEDMAN, 2017; WOPEREIS; OOZER; KNIPPING; BELZERet al,
2014)

O processo de colonizagao bacteriana no primeioodanvida foi descrito por
Taddei e colaboradores (2014ps autoresidentificaram em bebés brasileiros o
predominio d colonizacadntestinalpor Streptococcus Escherichiano terceiro més de
vida. No sexto més, a colonizacao [mcherichiapredominou enquanto algum outro
grupo de microorganismo néo identificado cresceu e non&2°de vidaama microbiota
fecal mais complexa foi desciifeADDEI; OLIVEIRA; DUARTE; TALARICO et al,

2014) O mesmo grupo de autores discute uma possivel relacdo entre a colonizacdo por
membros do génerdescherichia com baixo nivel sociodemografidALARICO;
SANTOS; BRANDT; MARTINEZet al, 2017)

Por outro lado, ermmacoorte de bebé@dorueguesefoi identificadoespécies de
Staphylococcuertencentes a ordeoactobacillale em 98% das amostras de fezes de
bebés do sexo masculino e em 94% do sexo feminino, no quarto dia de vida. Também foi
identificadoE. coliem 77% das amostras de meninos com 4 dias de vida até 30 dias.
Ademais, os achadoda microbiota intestinal destaooite foram associados ao
crescimento esperado para a idade dos béWASITE; BJORNHOLT; BAIRD;
MIDTVEDT et al, 2013)

A colonizacdo inicial por Proteobacteria, em especifico a classe das
Gammaproteobacterigcomo por exemplo @éneroEscherichia) e sua subsequente
diminuicdo em abundancia parece ser parte importante desse processo de transicdo de
uma microbiota neonatglara uma microbiota mais madutdma vez que prepara o
ambiente intestinal para uma colonizacdo subsequente e esta relacionada com a
modulacao imunoldgica do hospedeiRosupressao seletiva dBsoteobacterigparece
ocorrer devido a presenca de oligossdems presentes no leite materno e ao
fornecimento de imunoglobulinas como a IgA secretdria, ou seja, € um processo
fisiologico orientado pelo leite mater(ioEMAS; YOUNG; BAKER; TOMCZIK et al,

2016; MULLIGAN; FRIEDMAN, 2017)

A ruptura desse padrao tem sido associada a um risco aumentado de doencas
neonatais, particularmente em bebés prematagues devido a maior susceptibilidade a
infeccbes sdo frequentemente ddais com antibidticosJa foi descrito que bebés
prematuros apresentam baixa diversidade microbiana intestinal e que o aumento da
diversidade ocorre de maneira mais lenta, quando comparado a bebés nascidos a termo
(GASPARRINI; WANG; SUN; KENNEDYet al, 2019)
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Aparentemente os estagiosciais da vida, ou os primeiros mil dias, representam
0 periodo quando se estabelece os elementos necessarios para o desenvolvimento de
0rgaos e sistemas e seus consequentes impactos a saude na idad8HdUTEA,;
AHMED; BLACK; COUSENS et al, 2008) Por esta razdo, o reconhecimento da
influéncia da microbiota neste processo tem crescidoltima década(STIEMSMA,;
MICHELS, 2018)e se tornadaum objeéo de estudo chave para a compreensao do
crescente aumento das DCNT (Doencas Crbénicas Nao TransmisgisIO;
MARTINI; FRANCAVILLA; CORVAGLIA etal, 2017)

A MICROBIOTA INTESTINAL E A INTERFACE COM AS DOENCAS CRONICAS
NAO TRANSMISSIVEIS
O desenvolvimento déoencas cronicas ndo transmissiveis (DC8&lT@sultado

de uma complexa interacdo entre fatores genéticos e condi¢cdes ambientais. A influéncia
de exposi¢cdes que ocorretarante uma janela critica conooinicio da vida e suas
implicacdes na saude na idade adulta foi originalmeeserita peldipotese de Barker
(Barker e Osmond, 1986)onhecida como o Conceito das Origens Desenvolvimentistas
da Saude e Doenca (do inglés, DOHaDevelopmental Origins of Health and Disease
Concep} (BARKER; OSMOND, 1986; WATERLAND; MICHELS, 2007)

Mais recentemente, fatores decorrentes da vida moderna que impactam nos
primeiros eventos da vida como o tipo de parto, uso de antibiéticos, o ndo aleitamento
exclusivo ou desmame precoce dentre outros, tém sido relacionados ao aumento das
DCNTs (BLASER, 2017) As praticasmodernas também tém levado ao aumento da
exposicdo a poluentes ambientais como agrotoxicos e metais, decordentes
industrializacdpdo modo de producéo agricaada contaminacdo ambiental resultante
(TERRA; PELAEZ, 2009) Tanto os procedimentos médicos, quanto a exposicao
substancias exogenas sdo importantes para o estabelecimento e composicdo da
diversidade do microbioma huma@@®ENZ; HOLT; INOUYE; LOGANet al, 2017;
STIEMSMA; MICHELS, 2018)

Paracongregaestas exposi¢des e seus impactos sobre a saude humana foi criado
0 termo exposoma, que procura identificar e eventualmente quantificar a totalidade das
exposi¢des que ocorrem ao longo da vida e como essas exposicdes relaeicoama
saude Este conceitgpode ser ampliado ainda paadeiade que todos os organismos
Vivos, como as baérias ambientais, sdo afetados pelas mudancas do ambiente externo

ocasionadas pela vida moderna, como perda da biodiversidaztgaglacdo do meio
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ambiente Desta forma, @mbiente externo em mutac@mnbém acarreta em alteracdes
damicrobiota ambientalque podeser definidacomo adiminui¢do da diversidade e/ou
extincdo de alguns taxons bacterianpsg relaciongse com a microbiota associada ao
trato gatrointestinalque impacta no desenvolvimento da funcéo imunologREBNZ;
HOLT; INOUYE; LOGAN et al, 2017)

Apesar das diferencgas fisiopatologicas, muitas das DCNT, incluindo os disturbios
mentais, estdo frequentemente associadas a condicbes comuns como, disfungéo
imunoldgica, inflamacéo cronica e mais recentemente, alteracfes da micfRENG;

HOLT; INOUYE; LOGAN et al, 2017; STIEMSMA; MICHELS, 2018)O papel da
microbiota no processo saddeenca vem sendo amplamente descrito. Teria inicio ainda
na vida intrauteringpela exposicao fetal a determinag@mponentes microbian@sa
manifestacdo déendtipos alérgicos e asmatidd®ENZ; HOLT; INOUYE; LOGAN et

al., 2017) Ap6s onascimento anicrobiota seria imprescindivphra conduzir de forma
adequada a iniciacdo e maturacdo do sistema imunol§dGENSOLLEN; IYER;
KASPER; BLUMBERG, 2016; JENMALM, 2017)Além disto, determinadas
caracteristicas daicrobiota poderiamcontribur ou oferece resisténciaa invasaopor
espécies patogénicéBAUMLER; SPERANDIO, 2016)

O lumem intestinal saudavel € basicamente composto por uma microbiota
diversificada eem estado de equilibrio com o hospedaima camada de muco externa,
uma camada mucosa interna e o epitélio intestinal (FIBAYMLER; SPERANDIO,

2016) A microbiota em homeostaagidana digestados alimentos; interage com nosso
relégio circadiano; participa da ativacdo de determinados medicamentos e da
biotransformacédo de xenobioticos; pode ainda produzir moléculas que reduzem a
inflamacéo; além de despenhar um papel fundamental na indugéo, desenvolvimento,
formacdo e funcdo do sistema imunologi€@.AUS, SANDRINE P.; GUILLOU,
HERVE; ELLERGSIMATOS, SANDRINE, 2016)

As principais atividades metabolicda microbiotaestédo associadas a digestéo de
carboidratos e proteinas, como a fermentacdo de fibras ndo digegiveiseva a
producdo de &cidos graxos de cadeia qW@&CC), dém dometabolismo anaerdbio de
peptideog proteinas. Os AGCC, predominantemente o axeatgiropionato e o butirato,
principais metabolitos gerados durante o catabolismo de carboidratosgeéiveds,
atuam como principal fonte de energia pasaélulas epiteliais do colenalém disspo
protegem contra agentes patogénicos, estimulam a resposta imune e ajudam a modular a

expressdo génica por meio da inibicdo da desacetitbagiostonas Além dos AGCC,
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alguns aminoacidos essenciais e determinadas vitaminas, como a biotina podem ser
fornecidos pelas bactérias intestinéBACKHED; ROSWALL; PENG; FENGet al,
2015)

Figura 1.Representacdo esquematica de uma microbiota diversificada que confere
resisténcia a colonizagdo por patégenos entéricos no epitélio intestinal.

Microbiota diversificada
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Diversos fatores como a dieta, o estilo de vida, o cichidie(gestacaqeriodo
perinatal,idade, dentre outros), o uso de antibidticos, doencas que comprometem o
sistemaimunolégicq doencas inflamatorias cronicas (como a doenca de Crohn) e a
exposicao a agentes quimicos comscagrotoxicos podem levar a um desequilibrio da
relagdo microbiotdospedeirdBAUMLER; SPERANDIO, 2016; JOLY CONDETTE;
BACH; MAYEUR; GAY-QUEHEILLARD et al, 2015; MOOS; FALLER; HARPP;
KANARA et al, 2016)

O desequilibrio da microbiota intestinal (conhecido como disbiose) pode resultar
ou ser resultado de uma perda de bactérias comensais benéfimsnowcrescimento
excessivo de bactérias residentes que tém o potencial de causar doencas, denominadas
6pat ob(BYNDLOSS; BAUMLER, 2018) Ambos os fatorepodem levar ao
comprometimento da fungéo de barreira dos componentes do limem e dorfentec
de nutrientes para o epitélio intestiBAUMLER; SPERANDIO, 2016; JOLY
CONDETTE; BACH; MAYEUR; GAY-QUEHEILLARD et al, 2015)

A camada de muco que protege o epitélio intestinal pode ser desestabilizada pelo
estado de disbiose e como consequéncia pode tiavesas células do epitélio (Fig. 2),

0 que conduz a inflamacdo (colite) e até mesmo morte celular. Algumas bactérias
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patogéicas (como por exempld. difficile, umabactéria formadora de esporos) estédo
presentes em pequena quantidade no lumen intest@mal causar doencamsjas a
diminuicdo da diversidade microbiana pode favorecer o crescimento das espécies
patogénicas eonsegentementaumentar @roducao de toxinague em contato com as
células epiteliais levam ao desenvolvimento de c@ifdJMLER; SPERANDIO, 2016)

Figura 2. Representacdo esquematica de disbiose intestimalasdo do epitélio

intestinal.
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Um crescente corpo de evidéncias demonstra o desequilibrio da microbiota
intestinal como fator de risco para DCNTs, condiabetesmellitus tipo | (KNIP;
SILJANDER, 2016)obesidadéCOX; WEST; CRIPPS, 201®)disturbios neurolégicos
comoperturbacdes do espectro do autigiBORATI; CAVALIERI; ALBANESE; DE
FELICE et al, 2017) No entanto, ainda faltam estudos epidemiolégicos que avaliem o
efeito da exposicéo a poluentes ambiisrgabre a microbiota intestinal no inicio da vida
e a relevancias destas exposicdes para o desenvolvimento ou agravo de doencas no

hospedeiro na idade adulta.

A EXPOSICAO HUMANA A POLUENTES AMBIENTAIS
A exposicao d populacd@os poluentes ambientais se da de diferentes formas:

pela alimentacdo, pela agua, ar, solo e pelas condigcbes de traBalhwmdelo
desenvolvimentista brasileitem levado a um processo de insustentabilidade ambiental,

no qual uma ampla variedade de suhats quimicas é lancada ao meio ambiente,
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levando a contaminacdo dos recursos naturais e a potenciais efeitos nocivos a saude
humanaBALSAN, 2006; EHLERS, 1999)

O Brasil tem facilitado o uso de um conjunto de praticas que acarreta a degradacéo
do meio ambiente. Dentre elas podem ser citados o modelo agricola, com uso intensivo
de agrotoxicos, fertilizantes sintéticos e sementes transgénicas; as atividades de
mineracaode metais de interesse comercial (ferro, ouro, niquel, cobre etc), com ou sem
0 uso de adjuvantes toxicos nestas atividades (como por exemplo o uso do mercurio na
extracdo do ourgyiversas atividades que envolvem a queima de combustivel fossil e de
biomassa; e o destino inadequado de residuos perigosos, como o lixo eletrénico, dentre
outros fatore$BALSAN, 2006; PORTO; SOARES, 2012)

Essas préticas tém contribuido para a liberacdo de substancias quimicas no meio
ambiente constituindo uma das principais formas de contaminacédo do solo, dos corpos
hidricos e do afMILHOME; HOLANDA; DE ARAUJO NETO; DO NASCIMENTO,

2018; SANTOS; CARVALHO; REBOITA, 2016 contaminag&o dos recursos naturais
levaa contaminacao dosialentoS(ANVISA, 2016), do ar inalado, da ag@ALMEIDA,

2010)e do leite matern@SZATT; JANSSEN; LENTERS; DAHIlet al, 2019; PALMA,

2011) e tais exposicdes estdo associadas a diversos desfechos em saude como
mencionados anteriormenttMUNIZ; OLIVEIRA -FILHO, 2006) Além disso, a
presenca de poluentes quimicos no meio ambiente pode levar a degradagéo da biota e
desequilibrio ecolgico (MOREIRA; JACOB; PERES; LIMAet al, 2002) a exposicao

da populacédo astas substancias pela

Uma das principais vias de contaminagdo humana séao os alini@atéesto,a
facilidade de se adquirir e de se manter alguns alimentos enpalcessamentos
industriais que vao desde o uso de embalagens até a adic@@ules, arontaantes,
realcadores de sabor e varios outros tipos de ad({fWGNTEIRO; CANNON; LEVY;
MOUBARAC et al, 2019) As embalagensiormalmente de plastiau de metalquase
sempre estdo em contato direto com o alimenaste contato facilita a migracao de
constitiintes do envoltério protetor para o alimengio pode inclusive seacilitado
quandoo produtojd embaladaequeraquecimentaa presenca do material envolvente
(BEGLEY; WHITE; HONIGFORT; TWAROSKIt al, 2005)

O ultra processamento de alimentos vem sendo relacionado com efeitos adversos
asaudeadevido asua compdsao nutricional desbalanceadaela contaminacadevido
ao contatocom substanciaguimicastais como obisfenotA, os ftalatos eos PFAS
(AVERINA; BROX; HUBER; FURBERG, 2018; BUCKLEY; KIM; WONG;
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REBHOLZ, 2019; MARTINEZ STEELE; KHANDPUR; DA COSTA LOUZADA;
MONTEIRO, 2020)

O efeito adverso da exposicdo a poluentes também pode se dar de maneira
indireta. Ocontatodo individuocom umamicrobiotaambientalem desequilibrigpode
impactar @ composicdo da microbiota humamaua capacidade imunomoduladora e
metabdlica,como demonstradpor HANSKI e colaboradores (2012). De acordo com
estes autore#ndividuos atopicosjue residiam em ambiente com mebhmdiversidade
no entorno de suas casampresentarandiversidade significativamente menor de
Gammaproteobacteria na péi¢ANSKI; VON HERTZEN; FYHRQUIST; KOSKINEN
et al, 2012)

Esse tipo de relagdo @ém dos eixos quesustentaa hipGtese higienista,
frequentemente descrita em estudas investige o papelda microbiotaambientaino
desenvolvimento de doencas autoimunes e alérfii€aN MUTIUS, 2010)

Seja pela transmissdo verticalou pela aquisicdo horizonfah microbiota
ambiental e o ambiente construido podefiuenciar a microbiota humar{(&ILBERT;
STEPHENS, 2018; HANSKI; VON HERTZEN; FYHRQUIST; KOSKINEBt al,
2012) Além disso, a presenca de wanobioticono trato gastrointestinal pode interagir
diretamente com as bactérias ali presgntlterando a estrutura e composicdo das

comunidades microbianas e consequentemente sua capacidade metabdlica.

POLUENTES AMBIENTAIS E SEUS IMPACTOS SOBRE A MICROBIOTA
INTESTINAL
O trato gastrointestinal € um 6rgdo chave envolvido no processamento de

xenobibticos e a microbiota tem uma ampla capacidade de metabolizar esses poluentes,
sendo a interacado microbigp@luente importante para a toxicidade e biodisponibilidade

do agente quimico ao hospede{©®LAUS, SANDRINE P.; GUILLOU, HERVE;
ELLERO-SIMATOS, SANDRINE, 2016)

Diversos modelosanimaismostramque algunspoluentes ambientais como o
chumbo, arsénio, &mio; alguns piretroides como a petnma e alguns
organofosforadoscomo o clorpirifés podem causar aumento ou diminuicdo da
abundéancia relativa de algumas espécies bacteliiaeasinais(JIN; WU; ZENG; FU,
2017; JOLY CONDETTE; BACH; MAYEUR; GAYQUEHEILLARD et al, 2015;
KAN; ZHAO; ZHANG; REN et al, 2015; NASUTI; COMAN; OLEK; FIORINI et al,
2016)
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Joly e colaboradores (2015) realearum estudo com ratas gestantgostas
oralmente a clorpirifés durantegestacdo eos primeiros 21 dias de vidia prole A
microbiota intestinal da prole apresentou alteragdeXl® diaque se sustentaram até os
60° diade vida As alteracdes da microbebdbservadasos trés seguimentos intestinais
incluemaumentaleClostridium sppe Staphylococcus sppdiminuicadadeLactobacillus
spp (JOLY CONDETTE; BACH; MAYEUR; GAY-QUEHEILLARD et al, 2015)
Clostridiumé umgénero potencialmente patogénicogeantoos gérercs Lactobacillus
e Bifidobacterium séo frequentemente associados como biomarcadores para a saude
(MILANI; DURANTI; BOTTACINI; CASEY et al, 2017)

Somado a issoestes autores observaram alteracdes histolégicas no epitélio
intestinal dos animaisexpostos ao pesticidaomo a diminuicdo significativalas
vilosidade no ileo e a cripta no colon. A espessdoaepitéliotambém apresentese
menor no grupo de animais exposto ao agrotoXitoLY CONDETTE; BACH,;
MAYEUR; GAY-QUEHEILLARD et al, 2015) Tais alteracdes poderiam contribuir
para o comprometimento da funcé® lehrreira dos componentes|dmen o que pode
favorecer a passagede produtos bacterianos com®emdotoxina lipopolissacarides
(LPS)para a corrente sanguin@aULLIGAN; FRIEDMAN, 2017).

O epitélio neonatal e sua funcdo de barreira ainda ndo estdo completamente
entendidosA permeabilidadaumentadé frequentementebservada e gecessaripara
a maturacdo do sistema imunologaorecémnascido Por outro ladoa exacerbacéo
deste processo, que pode ocorrer frente as alteracfes histologicaadassao estudo
de Condette eataboradores (2015), pode agrasdranslocacao de LPS do irttee para
a corrente sanguinea este achado vem sendo reportadono possivel causa da
inflamacaoobservadaasdoencas metabdlicdULLIGAN; FRIEDMAN, 2017).

Em outroestudo realizado com roedoregxg@osicdo acadmio, arsénio e niquel
em diferentes concentracdes levou a modificacbes significativas da composicéo
microbiana, de uma maneira dasependenteO quereforca a relacdo causal entre a
exposicdo a estes metais e modificacdes na microbAddéan disso, fo identificado
adaptacao da capacidade funcional da microb@tumento da expresséo gene que
codifica para a proteina ligante diglerofore(polimeros extracelulares que precipitam
metais no meio extracelular e reduzem sua absofgid@ncontrado enresposta a
exposicdo aos metajRICHARDSON; DANCY; HORTON; LEEet al, 2018) Outras

ateragcbes dos produtos do metabolismo microbiano, como diminui¢cdo da producédo de
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propionato e butirataue sadontes de energia para as células epitelitasnbémja foi
relacionada exposi¢cdo ao cadmial; LIU; SHEN; LIU, 2016)

Até o momento,poucosestudosepidemioldgicosinvestigaam alteracdes na
microbiota intestinaho inicio da vidalecorrentes de exposi¢cdes a poluentes ambientais
Um breve panorama € apresentado na Tabelanl 2017,Dong e colaboradores
associarama alta exposicdo ao arsénita agua de beberos estagios preces de
desenvolviment@ aumento da abundancia Beoteobacteriaem criangas com 4 a 6
anos de viddDONG; SHULZHENKO;LEMAITRE; GREERet al, 2017) A presenca
de arsénio na urina de bebés com 6 semanas dearidzm foi associada com diversas
alteragbes na composicdo microbiana fecal destes bebés, como aumento de
Ruminococcugpertencente a ordem Clostriflia diminuicdo deliversos outros tdxons
(HOEN; MADAN; LI; COKER et al, 2018)

Tabela 1. Exposicdo a poluentes ambientais e alteracbes da microbiota intestinal de
criangas.

idad Capacidade Idade
Referéncia Poluente Comun! ades funcional/metabdlica das
bacterianas : ) .
da microbiota criancas
Bisanz et Chumbo no y Succinivibrionaceae - 8a9
al.,,2014. sangue Gamamaproteobacteri anos
Donget al, Arsénio na agu: y Proteobacteria ¥ 258 4a6
2017 de beber relacionados ¢ anos
resisténcia €
antibiéticos
Hoen; Arsénio na urina ¥ Ruminococcus e - 6
Madan; Li; Lachnospiraceae semanas
Coker et de vida
al., 2018 Z Clostridiaceae,
Bacteroides
Bifdobacterium

Iszattet al, Leite materno 1 més de
2019 PCB105 g Clostridium vida

PCB-118, PCB ZLactobacillus

194 e PFOA

DDT y Streptococcaceae

PBDE-28 Z Veilonella

PCB-167 - y Motilida

Z Transpor
carboidratos e
metabolismo
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PFOA § Enterococcus g Ccido pt
acético

Aumento: 9; Diminui-«o: Z.

Tal relagéo também foi encontrada em emsaioclinico randomizadoealizado
na Tanzania que aferiu a expos&o ametais(mercurio, chumbo, cadmie arséro);
investigou uma possivgrotecido ocasionadaela administracédo de probidticos 10
UFC delactobacillus rhamnosusR-1 por 25 diasgm criancas em idade escol@iafios
em média e em gestantese caracterizou o microbioma intestinal das criancas. F
observadaim aumento da classe daammaproteobacteri@do filo dasProteobacteria)
bem como da familia d&uccinivbrionaceagpertencente a mesma classejcriancas
com niveis sanguineos aumentados de chuBRISANZ; ENOS; MWANGA;
CHANGALUCHA et al, 2014)

O autor discute que a configuragdo microbieoa aumento deroteobacteria
pode favorecer alegradacdo de mucina e facilitar a absorcdo dos m€aestudo
tambémdescrevea diminuicdo dos niveis sanguineos dos metais apos administracao do
probidtico (Lactobacillus rhamnosus)anto no grupo de criangas quanto nas gestantes
(BISANZ; ENOS; MWANGA; CHANGALUCHA et al, 2014) Tal achado pode ser
consequéncia de uma melhora na permeabilidade inted¢vidlo ao reestabelecimento
do processo de eubias®utra possibilidade seriaelacionada a capacidade de
ligacdo/sequestro, confda as bactérias produtoras de &cido latico, como as pertencentes
ao génerd.actobacillus,reportada em estudos in vit(GIRI; JUN; YUN; KIM et al,

2019)

Na Noruega, diversos poluentes (PCBs, PFAS, DDT, eentros) aferidos no
leite materno foram associados a alteracdes da composi¢cdo e funcdo da microbiota
intestinal em criangas com um més de \i&ATT; JANSSEN; LENTERS; DAHLet
al., 2019)

Além das evidéncias em humanos e em modafimais que demonstram
diversas formas de interagdo entre as bactérias intestin@Bo®ioticos(ASSEFA;
KOHLER, 2020; DUAN; YU; TIAN; ZHAl et al, 2020) os estagios iniciais da vida s&o
cruciais para a maturacgao fisiologieadlgaos e sistemalsem como o desenvolvimento
da microbiota Ja foi reportadoque alteracdes da microbiota neste periodo podem se
sustentar por anos e influenciar mais taedeaude (GSCHWENDTNER; KANG;
THIERING; KUBLIK et al, 2019) Ainda hoje, oestudodo efeito da exposicdo a
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poluentes ambientais alonizacdo microbiana intestinab inicio da vida um desafio

necessario para o entendimento do aument®N&sTs

O ESTUDO DA MICROBIOTA
O conhecimento da diversidade das comunidades microbianas e de seu material

genético expandiu com o avanco das técnicas independentes de cultivo, gramtorn
possiel a deteccdo dmicrorganismosido cultivaveieem laboratorioou presentegm
baixo niUmeroEstimase que aproximadamente 1% da verdaddiversidade microbiana
s6 foi acessadaor métodos dependentes de cultivdd os métodosindependentes de
cultivo, apesar de mais caraornaram a metodologia muito ma#pida e revearama
exiséncia de microrganismos desconhecidos anteriorm{€hi®NT, 2020) Esteavancgo
abiu um novo campo de estudpara diversas areasa pesquisa de microbiota,
melhorando acompreensiale diversagsloencas cronica(BYNDLOSS; BAUMLER,
2018)

As metodologias moleculares (que se baseiansagwenciamentodo DNA)
utilizam frequentemente o gene que codifica para o RNA ribossdmico 16S (ou 16S rRNA)
como o principal marcador filogenético utilizado para a caracterizag@aodobiota
humara e ambiental (EMP protocolELINT, 2020) Sua estrutura contém tanto g
altamente conservadas quanto regides variaveis em todas as espécies bacterianas, o que
possibilita a identificacdo de dominios gerais a altamente especificos como, por exemplo,
a identificacdo de diferentes cepas de uma mesma espécie bacteriana.

A avdiacao da diversidade bacteriageralmente combina dois conceitos: riqueza
de espécies (numero ddiferentes espécigékons presentes) e equitabilidade
(distribuicdo de abundancia relativa désong. A riqueza é inferida atribuindee a
seqiéncia dggene RNAr 16S o conceito de Unidade Taxondmica Operadamalglés,
Operational Taxonomic Unit OTU ou fil6tipo), no qual gercentagende divergéncia
(ou cut-off) de 1%, 3%, ou 5% entre as sequéncias dos nucleofideesseutilizada
como critério ra definir uma OTU.Ha também a possibilidade de incorpoear
informacdo evolutivana avaliacdo da diversidade de uma ampstilzandoa distancia
na arvore filogenética

A Fig. 3 ilustrauma arvore filogenéticandeos ramos correspondemt@ons
(ou OTUs) que séo grupos de organismos que compartilham um mesmo ancestral. De
maneira simpléria, membros do mesmamrid compartilhama mesmaespécie, enquanto

agueles no mesmo pequeno galho pertencem ao mesmo género, aqueles unidos por meio
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de galhos maiores agsma familia e assim por diardgjueles relacionados em um nivel

ainda mais profundo de ramificagdo pertencem aos mesmos filos.

Figura 3. Representacdo esquematica da arvore filogenética de um filo bacteriano. A
linha tracejada azul representa o filo, as vermelhas representam as familias, as verdes os

________________________

—_— especies

Fonte: Adaptado dElint (2020).

As linhas horizontais representam as "distancias genéticas" entre os pontos de
ramificacdo da arvore. Espécies, géneros e familias representam graus crescentes de
divergéncia de sequéncias de nucleotideos ou aminoacidos. Triangulos denotam
divergécia de sequéncia dentro das espécies (ou seja, no nivel de cepa).

Apenas para dimensionar, todos os animais com espinha dorsal, como cobras,
dinossauros e 0 homem, est «o0 0 necn qiotlasnotso e m
as bactérias que conhecenaté agora estdo agrupadas em cerca de 30 filos formalmente
reconhecidos, e mais de 8udtrosestao na categoria de candidaaosreconhecimento
(FLINT, 2020) Isso serve para enfatizar a grande diversidade das bactérias.

A microbiota intestinalhumana € composta principalmente por 4 filos,
Actinobacteria, Firmicutes, Proteobacteria e BacteroidetedlA; CAl; ZHONG et al,

2014) Este vasto repertorio dmicrorganismos de certa forma, converge em sua
producdo metabolica, esta caracteristica € conhecida como redunidicti@al e
parece aumentar com a idade, pelo menos durante os primeiros 3 aitlas geando a
diversidade estasendo adquirida(DOMINGUEZ-BELLO; GODOY-VITORINO;
KNIGHT; BLASER, 2019)
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Ou seja, aléem de ser um periodo importgrae o desenvolvimento fisioldgico,
a microbiota neste periodo estd passando por um processo de montagem,de
aquisicao de diversidade e plasticidéad_ANI; DURANTI; BOTTACINI; CASEY et
al., 2017) O estudo de fatores com potencial para alterar este processo € de grande

importancigparaa saude.
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JUSTIFICATIVA

Estudos mostram que a baixa biodiversidade ambiental explicaria, em parte, 0
rapido aumento das DNCTBANSKI; VON HERTZEN; FYHRQUIST; KOSKINEN
et al, 2012; VON MUTIUS; VERCELLI, 2010) A contaminacdo do meio ambiente
com uma amplarariedade de substancias quimicas pode impactar 0os ecossistemas e
diminuir a diversidade microbiana ambieni@lILAN; CARRARO; FARISELLI;
MARTINO et al, 2018)

O contato das pessoas conmeio ambiente degradado poderia entdo impactar
negativamente no microbioma humano, o qu@rdenacircuitos imunemoduladores
(HANSKI; VON HERTZEN; FYHRQUIST; KOSKINENet al, 2012; VON MUTIUS;
VERCELLI, 2010) Ja é reconhecido qaeexposi¢cao a compostos toxicos pode levar a
desfechos adversos nascimento e desenvolvimen®alianga (ASMUS; CAMARA,;
LANDRIGAN; LUZ, 2016), mas pouco se conhece sobre o efeito na microbiota
intestinal. A microbiota no inicio da vida € crucial para o estabelecimento da microbiota
Aadultad e para o desenvolvimento fisiol
se de forma conjunta com o desenvolvimento do hospedeiro, promovendo a modulacdo
para que seu desenvolvimento ocdi®MINGUEZ-BELLO; GODOY-VITORINO;
KNIGHT; BLASER, 2019)

Neste contexto, 0 presente projetogiie avaliar o efeito da exposi¢ao a poluentes
ambientais na microbiota intestinal de criancas até o s&dde vida. Este projeto busca
testar a hipétese de que poluentes ambientais (metais, pesticidas e substancias
perfluoroalquiladas alteram a micraibta intestinal no inicio da vida. Os resultados
gerados podem fornecer evidéncias originais e relevantes para enderecar a lacuna na
literatura sobre a relagéo entre a exposicdo precpokiicdo ambientakeus efeitos na

microbiota intestinal e poterasi efeitos de longo prazo sobre a saude humana.
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2. OBJETIVOS
2.1 OBJETIVO GERAL

O objetivo geral dest estudo éavaliar o efeito da exposicgmerinatala luentes
ambientais (arsénio, déio, mercurio, chumbo, substanciasperfluoroalquiladas

piretréides eDDT) na microbiota intestinal no inicio da vida.

2.2 OBJETIVOS ESPECIFICOS

1 Avaliar o efeito da exposicaperinatal a poluentes ambientais na transmisséo
vertical da microbiota (amostras de meconio) de acordo com o tg@patto,

idade gestacional e uso de antibiéticos durante a gestacéo

1 Avaliar o efeito da exposi¢caperinatal a poluentes ambientais no
desenvolvimento da microbiota intestinal (amostras de fezes no primeiro,
terceiro e sexto més de vida) de acordo conpo tle parto, uso de antibioticos

e dieta do behé

Manuscritol: A Per i nat al exposure to environment al

early| i fe gut microbi ome. 0

$ Avaliar a relag&o entre o consumo materno de alimentos ultraprocessadis

niveis dePFASsno sangue de cordao umbilical.
o Descrever o casumo materno de alimentos ulpracessados.

Artigo 1: iFood consumption according to the degreprotessing, dietary diversity and
socicdemographic factors among pregnant women in Rio de Janeiro, Brazil: The Rio
Birth Cohort Study of Environmental Exposure and Childhood Development (PIPA
project)o

0 Avaliar a relagao entre o consunmoaternode alimendsultraprocessados a

exposicaa substanciaperfluoroalquiladas PFAS

Manuscrito 2ii Mat er nal ¢ o n-pracespetl foanshanconeEwbaorn exposure to
perfluoroalkyl substances (PFAS): Rio Birth Cohort Study on Environmental Exposure
andChi |l dhood Devel opment (PIPA Project).o



30

3. METODOLOGIA

Os dados analisados neste projeto sao oriundos do Estudo(Pl®B#epiloto)
preparatériopara r eal i za- «0 da coorte de nasci mento
dos efeitos da exposi¢cdo a poluergswientais sobre a salde infantrojeto Infancia
e Poluentes Ambientais (PIRNASMUS; BARBOSA; MEYER; DAMASCENCOet al,

2020) E um estudo de coorte prospectivo com foco nos efeitos sobre a satde infantil da
exposicdo a substancias quimicas (especificamente metais, pesticidas e plastificantes),
dispersas no ambiente ao qual as criang@expostas desde a concep&&ta coorte

€ coordenada pela Universidade Federal do Rio de Janeiro em parceria com a Fundacao
Oswaldo Cruz, tendo sido aprovado nos Comités de Etica em Pesquisa da ME/UFRJ
(nimero do Parecer: 2.092.440) e da Fundacéo I@swaruz (nUmero do Parecer:
2.121.397).

O PIPApiloto teve inicio emsetembro de 2017 na ME/UFRAm término em
agosto de 2018. A populacéo de estfal@onstituida por todas as crian¢as nascidas na
ME/UFRJ, entre outubro de 2017 e fevereiro2@48, com monitoramento clinico e
coleta de amostras bioldgicas nos primeiros seis meses d®gidatubro a novembro
de 2017, as gestantes presentesvisitais do fiCegonha Cariocado Municipio do Rio
de Janeiro (MRJ), realizadas na ME/UFRJ, foram idawlas a fazer parte deste Estudo
Piloto, com assinatura do Termo de Consentimento Livre e Esclarecido (TCLE), sendo
excluidas as gestantes menores de 16 anos.

3.1 DESENHO DO ESTUDO

Tratase de um estudde coorte prospectivaujosdados éram obtidos a partir
do estuddPIPA-piloto. No estudo pilotop periodo deseguimentados recémmascidos
foi de seigneses.

Este estudo tratee de uma coorte Unicpprtanto,0 grupo de comparacoi
composto de individuos da mesma coorte de bebés e/murpaebebé. Desta forma, a
identificacdo e classificacdo do grupo de comparém@on determinadas com base nos
resultados das afericdes laboratoriais dos poluentes ambi@nt&siibuicdo nos grupos
de comparacaii feitacom base nas concentracdes de poluerteamostras bioldgicas
utilizandose valores detercil como pontos de cte, sendo o tercil superior para

exposicao alta a poluente tercil inferior para exposicéo baixa a poluentes
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3.2 LOCAL DO ESTUDO

Esteestuddfoi conduzidonaME/UFRJ localizada na cidade dadde Janeiro. A
ME/UFRJ é uma maternidade publica que se situa no bairro de Laranjeiras, na zona sul
do Rio de Janeir®J. E uma unidade especializada, que dispde de assisténcia
ambulatorial e hospitalar, multiprofissional, oferecendo linhas de cuidado especificas na
atencdoa saude de gestantes e reg@ncidos de alto risco. Possui ambulatérios
especializados na assisténcia-paéal (hipertensado arterial, diabetes, gestacdo gemelar,
patologias fetais e adolescentes), programa de rastreio de risco para gestantes no primeiro
trimestre, planejamento familiar para mulheres de risco, genétigaaf@ée medicina
fetal.

Porser um centro de referénca gestacdes de alto risco, cerca de 50% por partos
gue ocorrem na ME/FRJ sdo encaminhamentos de toda a Rede de Atencéo adBaude
municipio, as demais gestantes sdo encaminhadas das Unidades de Salde da Area
Programética 2.1 (AP 2/1)sendo elas: Clinica da Familia (CF) Pavéao
Pavaozinho/Cantagalo; CF Santa Marta; Centro Municipal de Saude (CMS) Chapéu
Mangueirai Babilénia; CMS m Helder Camara; CMS Manoel José Ferreira (inclui
CF Catete); e CMS Rocha MdRig. 4).

3.3 POPULAQAO E AMOSTRA DO ESTUDO

Populacdo: Todas agestantegeferenciadagpela area programatica 2€l da
prépria ME/UFRJX agendadgsaraa visitado Programa Cegonha Carioca nos rsesde
outubro e novembro de 2017.

Amostra:Um totalde 142 mées e 13bebés participaram do estudtPA-piloto.
A amostragem foi ndo aleatdria por conveniéncia. Todas as gestantes com idade superior
a 16 anos que particigan dasvisitas do Programa Cegonha Carioca nos rmede
outubro e novembro de 201qye aceitaram participar do estudssinaram o TCLIE
realizaram o partoa ME/UFRJ
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Figura. 4. Esquema do estudo. Fluxograma da populacado depittfé\e esquema de

coleta de amostras. (a) populacao base; (b) amostra; (c) amostras coletadas e 0 momento
em que ocorreu a coleta; (d) dados coletados, momento que ocorreu e instrumentos
utilizados.

estantes agendadas para 0

(a) cegonha carioca (N=238)
Elegiveis (N=209) 87,8% (c) (d)
Recusas Amostras
(N=67) 32% coletadas Dados coletados

(b)

Aceitaram participar i Questionério
AMOSITA  Jommmmmmmmmmmemmm e do PIPA (N=142) Sangue e urina gestante
67,9%

Pariram em outra

maternidade -
N=11) 7,7%
( ) v
Mées que pariram
na ME (N=131)
92,2% Sangue de
+ corddo ur11h'|l|cal FRC/Recém-nascido
e mecénio
135 nascimentos NS
Seguimento 1ro més Fezes do bebé ]
(N=56) 42,1% N=18 FRC/Seguimento

SEI_:;(LrJ‘:TEe%thSTq;nés Feze;f]c.-_"hebé FRC/Seguimento

Seguimento 6 més Fezes dobebé) | prc/seguimento
(N=58) 43,6 % N=19

Fonte: Criado pela autora (2021

3.4 CRITERIOS DE ELEGIBILIDADE

1. Maes menores de 16 anos (até 15 anos e 11 meses) serdo excluidas;

2. Todos os bebés, sem excluséo devido a intercorréncias clinicas de qualquer natureza
durante a gestacdo ou parto; parto normal ou cesareo; sem limite de idade gestacional

incluindo gestacdes gemelares, nascidos na ME/UFRJ.

3.5 CRITERIOS DE PERDAS
1. Retirada do consentimento em participar do estudo;
2. Nascimentos que ocorreram em outra maternidade;

3. Impossibilidade de coletar amostras de mecénio ou fezes;

3.6 VARIAVEIS ESTUDADAS

3.6.1Variaveis de exposicdo



Descricao da variavel
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Mensuracéo

Metaise metaldiddChumbo, Mercuario - Determinacéo direta do metal

e Cadmice Arsénio

Agrotéxicos Piretroides)

Agrotéxicos (metabolitos do DDY

Amostra bioldgicasangue materno e
sangue de cordao umbilical

Dosagem dos metabdlita3PBA (4cido
3-fenoxibenzoico) e 4PBA (acido 4fluor
3-fenoxi benzoico)

Amostra biolégicaurinada mae
Dosagem dometabdlitos4 ,-BDE, - .
DDT, -DDT 46

Amostra biolégicasangue materno e
sangue de cordéo umbilical

Substancias perfluoroalquiladas (PFA - Acido perfluorooctanéico (PFOA) e

3.6.2Variaveis de confundimento

Descricao da variavel
Tipo de parto

Uso antibiético durante a gestaca

Idade gestacional

Idade do bebé

Dieta do bebé

Uso antibidtico pelo bebé

3.6.3Variaveis de desfecho

acido perfluorooctano sulfénico (PFOS)
Amostra biolégicasangue materno e
sangue de cordéo umbilical

Mensuracao

Vaginal ou Cesareo

Instrumento de coleta: Formulario de Relato
CasdRecémnascido

Sim/nao

Instrumento de coleta: Questionario Gestant
Nasciment@rétermo= < 37 semanas
(sim/n&o)

Instrumento de coleta: Formulario de Relato
CasdRecémnascido

Em semanas.

Instrumento de colet&ormulario de Relato de
Caso/Seguimento

Para o primeiro e terceiro més de vida:
Aleitamento materno exclusivo.

Para o sexto més de vida:

Dieta apropriada (sim/néao)

Instrumento de colet&ormulario de Relato de
CasdSeguimento

Sim/nao

Instrumento de colet&ormulario de Relato de
CasdSeguimento
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Descricdo da variavel Mensuracao

Alteragao da microbiota do beb Sequenciamento da regido V4gkne RIAr 16S
Amostra biol6gicamecénio (DO fezesdo bebé
(D30, D90, D180)

3.7 QUESTIONARIO GESTANTE

Durante o préatal, em torno da 30 e a 342 semana de gestagcdo, as maes
compareceam as visitas do Cegonha Carioca, MfdE/UFRJ. Durante agisitas foi
apresentado um breve video explicativo sobre o projeto e foi feita uma roda de conversa
para maiores esclarecimentos sobre o estudo. Posteriormente, membros da equipe do
projeto abordaram cada mae iindualmente para esclarecer davidas, propor a
participacdo no projeto e apras@ o TCLE A todas as mées, maiores de 16 anos, que
acetaram participar do projeto, f@iplicado o questionarigestant§ ANEXO 1), dentro
de um tempo médio de 40 minutos.

O gquestionéariogestantepossui 16 blocos, sendo eles: Identificacamoetato;
caracteristicas soademograficas; nascimento da gestante; gestacdes anterioneatgire
da gestacdo atual; morbidades pré gestacionais e gestacionais; medicacdes, suplementos
e vitaminas; atividade fisica; felicidade e depresséo; uso de alcool; tabagismo; uso de
drogas; saude bucal; exposi¢do (Moradia; Produtos utilizados no domicilio; Utensilios de
cozinha; Dieta (frutas, legumes e verduras); Dieta (carnes); Dieta (frutos rdo ma
embutidos e ovos); Dietdaktfood e ultraprocessados); Dieta (cha de ervas); Dieta
(gréos); Fonte de abastecimento de agua para consumo; caracteristicas do pai biolégico
(respondido pela gestante); informacdes da carteira da gestante.

3.8 FORMULARIO DE RELATO DE CASO (FRC/RECEMIASCIDO)

Na ocasido do partam formulario foi preenchido a fim de recolher informacées
sobre o recémmascido. Este formulario (ANEXO )llpossui informacdes médicas de
intercorréncias durante o parto, idade gestadjouso de medicacdes; outros achados
clinicos; resultado de exames caso necessarios (hemograma, bioquimica, puncéo
liqudrica, imagem) e também informagbes sobre a avaliagdo clinica: dados
antropometricos (peso, altura; circunferéncia cefalica); Apgdfpmeacdes congénitas;
distdncia anogenital; presenca de testiculo edsabescrotal; extensdo peniana e

informacdes sobrexame fisico.
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3.9 FORMULARIO DE RELATO DE CASO (FRC/SEGUIMENTO)

Durante as trés consultas de seguimento do bebé&, que ocorreram @ooprim
terceiro e sexto més de vida, outro formulario foi preenchido em cada consulta. Este
formulario (ANEXO Ill) possui informacdes médicas de intercorréncias e achados
clinicos(gerais e relacionados ao sistema respiratério, cardiometabdlico e neajologic
durante o periodo de seguimento da criaimfarmacdes sobre exposicdo ambiemrtal

sobre a dietda crianca.

3.10 COLETA DE MATERIAIS BIOLOGICOS

A coleta de amostrdmologices da mae foi realizada durantevastasdo Cegonha
Carioca. Foram coletias amostras de sangue e uri@asangue foi cotado em tubo
coletor a vacuo contendixido etilenodiamino tetracético (EDTA) aurina em coletor
universal estéril.

A coleta de amostrado bebé&oi realizadanaocasidao do nascimento e durante as
consultas de seguimenfom, trés e seimeses de vidaJoram coletadas amostras de
sangue dcordao umbilicalmeconioe fezes As amostras de sangueatedao umbilical
foram coletada com seringa descartavel denllOe transferidas para o tubo coletar
vacuo com EDTAE as amostras de meconio e fezes serdo desepasadamenteon
item3.11

As amostras de sangueurinamaterns e de sangue deordao umbilical foram
devidamente identificadas e armazenadas em geladeira a 5°C por no maximo dois dias na
ME até serenransportadas para o Centroudos da Saude do Trabalhador e Ecologia

Humana (CESTEH) naiécruz onde foram analisadas.

3.11 ANALISE DA MICROBIOTA

3.11.1Coleta e armazenamento das amostras

Um total de 160 amostras foram coletadas, 106 amostras de meconio e 54
amostras de fezes (D30, N=18; D90, N=17 e D180=19) na ocasido do parto e sempre que
possivel na ME/UFRJ duranteansulta de seguimento. Quando néo foi possivel coletar
na consulta de seguimento, as maes foram orientadas a coletar as amostras em casa, como
descrito a seguir. As amostras foram coletadas logo apos a eliminagdo com auxilio de

uma pa estéril e armazenadan coletor universal estéri#20°C, até serem transportadas
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para o CESTEH/Fiocruz onde foram armazenad&9<C, até o momento das analises.
A coleta foi feita de tal forma que a contaminacao por bactérias de outras regides do corpo
ou objetos fosse mima ou inexistente, além dos cuidados apds coleta como descrito por
Jordan e colaborador€¥ORDAN; BAKER; DUNN; EDWARDSet al, 2017)

As etapas a seguir foram realizadas durante o periodo de doutorado sanduiche no
exterior, no laboratério da Professora Dra. DomingBello, no departamento de

Bioquimica e Microbiologia da Rutgers University, New Jersey, EUA.

3.11.2Extracéo e purificacdodo DNA
Para a extragdo do DNA foi utilizado o kit comercial (DNeasy PowerSoil HTP),
como sugerido pelo EMP (do inglé&Sarth Microbiome Projegte as instrugbes do

fabricante foram seguidas.

3.11.3Amplificacdo e sequenciamentalo RNAr 16S

A partir do DNA total extraido foi realizada a amplificacacgetziao V4 dagene
RNAr 16S por meio da PCR (Reacao da Polimerase em Cadeia) com oppanels
(515F/806R) informacdes mais detalhadasdem ser encontradasa s ess«o0 APr ot c
and Standartso do site ( hantgeedarfs/lesgOst hmi cr o
produtosgerados pelas reacbes da PCR foram submetidos a eletroforese em géis de
agarose, com tampao TAE (Trisacetato 40 mm, EDTA 2mm, pH 8,5), corados com
brometo de Et2zdio (leg/ ml), utilizando um
visualizacdo dos produwtoamplificados foi realizada por exposicdo a luz UV em um
Transilumnador BioAgency (Sistema EasyDoc 100).

Os produtos de PCR que apresentaram fragmentos no tamanho esperado foram
entdo extraidos e purificados por meio do kit comercial (UltraCleanhtpel@CR
Cleanup (QIAGEN) de acordo com as instrugdes do fabric@stamplicons foram entao
sequenciados em uma plataforma Illumina HiSeq no Departamento de Bioquimica e

Microbiologia localizado na Rutgers University (NJ/EUA).

3.11.4Andélise de bioinformética

A construcdo das bibliotecas do DNA sequenciado foi realizada segundo
instrucdes do fabricante (lllumina, San Diego, CA, USA) e seguiram o mesmo fluxo
descrito pelo EMPRealizarmos o alinhamento e identificacdo das segjagutilizando
o software QME (versédo 2.2) (CAPORASO; KUCZYNSKI; STOMBAUGH;
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BITTINGER et al, 2010)e aclassificacdo taxonémica comparando com o banco de
dados SILVA(PRUESSE; QUAST; KNITTEL; FUCHS$t al, 2007)

A rarefagao foi realizada na biblioteca com o intuito de normalizar a contagem
das leituras geradas. A rarefacdo € um método que ajusta as diferencas nos tamanhos das
bibliotecas entre as amostras para auxiliar nas comparacdes de diversidade e reduzir viés.
De 106 amostras de meconio coletadastatal de 12 amostra® meconidoi removido
por conteem menos que 5000 leituras. Comparacdes entre amostras com diferentes
contag@s de leituras pode superestimar a diversidade.

Tanto para descrever a estrutura das comunidades bacterianas (diversidade alpha
e beta) quanto para determinar a composi¢cao taxondmica das amostras, as sequéncias com
similaridade de 99% foram tratadas coumdade taxondmica operacional (OTU), que
estima a diversidade bacteriana em nivel de espécie. As analises a seguir foram realizadas

no pacote R.

3.11.5Métricas para avaliar a diversidade da microbiota

Para analise da microbiota, além da identificalf@iaxons bacterianos presentes
na amostraa estrutura das comunidades bacterianadefecrita utilizando as métricas de
diversidade descritas a seguir (diversidade alfa e beta). De maneira geral/rirétioeas
de diversidade combinam dois componentes de uma comunidade: riqueza de espécies e
equitabilidade. Geralmente consistemuma expressao matematica simples envolvendo
o numero de diferentes espécies e a abundancia relativa de cada espécid¢raaHdnos
também outro grupo de métricas de diversidade que, além da riqueza e equitabilidade das
comunidades microbianas, incorporam a distancia filogenética, ou a linhagem evolutiva,
entre as espéci€kIM; SHIN; GUEVARRA; LEE et al, 2017)

A diversidade microbiana de uma Unica amo@&tade um conjunto de amostras)
® conhecida como diver si ddiversidadé micrAbiadaide er s i d

uma amostram relacdo a outras amostras.

Alphadiversidade

Dois fatores principais, riqueza e uniformidade, ou equitabilidade, devem ser
levados em consideragdo ao medir a diversidade microbiana de uma amostra. A riqueza
referese ao numero de diferentes espécies presentes em um determinado nicho, mas este
parameto ndo leva em consideracdo o niumerindéviduospresentes em cada espécie.

A uniformidade compara o tamanho da populacdo de cada uma das espécies presentes.
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Em geral, quando a riqueza de espécies e a uniformidade aumentam, a diversidade
também. Neste @balho, serdo apresentadas as seguintes métricas de diveatithade
indice Shannon, diversidade filogenética (Faith_pd) e diversitizidielou.

O indice Shannon contempla ndo somente riqueza e uniformidade, mas a
abundancia relativa das diferentes egmencontradas na amostra. Este indice coloca
um peso maior na riqueza de espécies do que nos demais parametros. Seu valor aumenta
conforme o nimero de espécies aumenta e conforme a distribuigcdo dos individuos entre
as espécies torrse uniforme.Tem sido tradicionalmente usado para medir a diversidade
de comunidades. A uniformidade de Pielou também sera descrita, € um componente do
indice de Shannon, e indica comoimdividuosestéo distribuidos entre as espécies de
uma amostra.

Ja o indice PD incpora informacdo evolutiva das comunidades, incluindo na
férmula o comprimento dos ramos da filogenia das espécies de uma comunidade. Em
resumo, PD é uma funcdo do nimero de espécies (riqueza) e da diferenca filogenética
entre as espécies em uma comunid@dées métricas de diversidade alfa desconsideram
comparacdes da diversidade com outras amostras. Jadiveetsiddade, considera além
do nimero de espécies e respectivas abundancias dentro da comunidade, a variacdo na

sua composicao entre amostras.

Betadiversidade

Ao cont rd§ rviea sd a altl e-diversidadedad unth@ompagacid da
estrutura da comunidade microbiana edtras ou mais amostrdsm outras palavras, o
dado imputado para a disé de diversidade betauma matriz de similaridadeu de
distanciasP ar a d e s-diversidager foi atilizédo a métrica UniFrac que € uma
medidade distancidilogenética e dividese em duas categorias: UniFrac ndo ponderado
(unweighted UniFrac), uma medida qualitativa que usa a presenca/ausércasipata
comparar a composi¢cao da comunidade; e UniFrac ponderado (weighted UniFrac), uma
medida quantitativa, quaclui na analise& abundancia relativa de cada espécie.

As métrica UniFrac foram empregadas pois além de serem importantes por
construirema filogenia bacteriana, o uso de métricas qualitativas e quantitativas no
mesmo conjunto de dados é recomendado uma vez que cada uma pode levar a conclusdes
diferentes sobre os principais fatores que estruturam aguela comunidade microbiana e
pode forneceuma viséo sobre a natureza das diferencas da comurfldade/PONE;
HAMADY; KELLEY; KNIGHT, 2007).
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Por fim, calculamos também a métrica Bfayrtis, que € uma medida de

dissimilaridade entre amostras e que se baseia em abundfaitva.

3.11.6Analise taxondmica

A primeira etapa neste processo € atribuir taxonomia as sequéncias, foi realizada
no software QIIME. Esta plataforma usa o classificador Greengenes 13_8 99% OTUs. A
construcdo das tabelas que mapeia as sequéncias de DNA a digdadedOTU foi

realizada ngacoteR.

3.12 ANALISE LABORATORIAL DOS METAIS E METALOIDE QARSENIO,
CADMIO, CHUMBO E MERCURIQ

A andlise dos metais foi realizada no cabelo da mae e do bebé (D180) no
laboratorio @ metais d INCQSFiocruz pelo método de Espectrometria de Massas com
Fonte de Plasma Indutivamente Acoplado (Mg8). A analise utilizando IGIRIS
possibilita a determinacdo de varios elementos quimicos simultaneamente e em
concentracdes inferiores a 1ugll € uma técnica&om alta sensibilidade e que
proporciona exatidéo e precis@®ARSONS; BARBOSA JR., 2007; THOMAS, 2013)

Ap6s o descongelamentoa amostra foi diluida acrescentando agua
desmineralizada a 0,5 ml da amostra até o volume de 10 ml, em seguida foi adicionado
1,0 ml de &cido nitrico 65% (HD) e a amostra foi submetida a aquecimento a 80°C em
banhemaria, por 2 a 3 horas a fim de assegurar a completa digestdo da matéria organica
presente.

Antes das an8lises foi realizado o teste
equipamento, e era&ealizouse a leitura como padréo interno, e a curva de calibracao
com os pontos de referéncia 0,05 p@/LL pg/l- 0,5 pg/l- 1 pg/l e 2,5 pg/l. O preparo da
curva padréo foi feito de acordo com método certificado pelo INMETRO utilizando
solucéo deAs-Cd-Pb 1000 ppm e Hg 10 ppm. Para cada dez amostras foram repetidos

um padrédo e um branco, cada amostra foi lida trés vezes e em duplicata.

3.13 ANALISE LABORATORIAL DOS AGROTOXICOS
3.13.1Piretroides

Os piretréides possuem uma meida curta e sdo excretados rapidamemaia
urina, na forma de conjugados gluonideos ou sulfatos. Portanto, utdsm seus

metabdlitos para indicar aoncentracdode piretréides em intoxicacdeagudas e
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exposicoes recente§ROSA, 2017) Para issoforam utilizados 5mL de urina
descongelada a temperatura ambieBtemetabdlitos analisados foran8-PBA (acido
3-fenoxibenzoico) e o-#PBA (4cido 4fluor 3-fenoxi benzoico) por extracdo em fase
soélida e andlise por cromatografia liquida acoplada a espectrometria de massas sequencial
com triplo quadrupoloFoi feita a extracdo dos metabdlitos de interesse presesmges n
amostrascom 0 uso de uma coluna de extracdo em fase solitl &guido de suas
eluicdq préconcentrgdo (secury, ressuspensamo padrdo interno e ing&o no
cromatografo(ROSA, 2017)

As concentracOede piretréidesdeterminadagoram corrigics pelosniveis de
creatining considerando wp h& umavariabilidade do volume urinarioentre os
individuos A creatinina foi medida de forma direta na urina pelo método
espectrofotométrico de Jaffé modificado, pela reacdo com acido picrico em meio alcalino,
com desproteinizacdo (BABINA et al., 20 2ERLAND et al., 2015; ROSA, 2017). A
correcdo entdo foi feita através da razéo entre a concentracdo de analito e a concentracdo
de creatinina e multiplicando pd®0, com o resultado expresso em nanograma de analito
por miligrama de creatinin@g mLi 1) (BABINA et al., 2012; ROSA, 2017).

O limite de deteccado para o metabdliti’BA foi estimadode 0,06 ng mil, o
limite de quantificacdo foi de 0,2 ng riLe a recuperacamédiafoi de 95%. Para o
metabdlito 4FPBA o limite de detecc¢édo fdie 0,05 ng mk1, de quantificacdo foi 0,25
ng mL-1 com uma recuperacaoédiade 84%(ROSA, 2017)

3.13.2Compostosorganoclorados

Os organoclmdos foramanalisados no plasma materno e no sangue de cordéo
umbilical segundo método descrito pplff e colaboradores (1991). Foraanalisados
0s seguintesompostos organoclorados (OC): isbmeros de hexaclorocicloexano (HCH),
hexe | or obenzeno (HCB), A DIDr Ti, n -DpD, Dpj 6e-0D¢E)p id n En
Mirex, Metoxicloro, Endosulfan, Clordano e Heptacloro e 15 PCBs (bifenilas
policloradas) Apos a extracdo, as amostfasam evaporadas e eluidas em coluna de
vidro descartavecontendometanol, hexano ou diclorometaif@/OLFF; RIVERA;
BAKER, 1991)e analisadas por cromatografia gasosa acopglaacetector de captura
de elétron§SARCINELLI; PEREIRA; MESQUITA; OLIVEIRASILVA et al, 2003)
Os limites de deteccéao foram de 0,015 a 0,468 ng/mL para pesticidas OC e 0,2 a 0,36
ng/mL para PCBs. Os limites de quantificacdo variaram de 0,045 a 1,419 ng/mL para
pesticidas OC e 0,05 a 1,08 ng/mL para PCBs.
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3.14 ANALISE LABORATORIAL DAS PFAS

As substancias perfluoroalquiladas (PFAS) avaliadas neste estudo foram: PFOA
(acido perfluorooctanodic@® PFOS (perfluorooctanossulfonatdds amostras de soro
foram armazenadas-d40 ° C em frascos de polipropileno. Os PFOA e PFOS foram
determinados usandon método adaptado de Kuklenyik et al. (2004). Resumidamente,
as amostras foram purificadds acordo com o procedimento recomengadanalitos
foram eluidose posteriormente o extrato armazenado e reconstiiédonadopara
analise por cromatografigguidaespectrometria de massa em tand€respectrémetro
de massa triplo quadrupolo com uma fonte de eletrospray API 3200 (Applied Biosystems,
Foster City, CA) foi usado para detectar os analit@ada analito no cromatograma foi
selecionado e integdla manualmente. O tempo de retencdo para este gradiente foi
observado em 6,9 minutos para PFOA e 7,5 e 7,9 para PFOS (e PFOS ramificado). As
amostras abaixo do limite de deteccao (LOD) foram excluidas das analises. Os limites de
deteccao para o PFOS foi @24ng/mL e para o PFOA de 0,07ng/mL.

3.15 ANALISE ESTATISTICA
3.15.1Paras as métricas da microbiota

Realizamos modelos de regressao linear simples e mulipka gstimar 0s
coeficientes da associacao entre os poluentes e alteracdes das mélnieasidade dh
com variaveis de confundimento. As seguintes variaveis foram incla@asodelo
multiplo para analise damostras de meconio: tipo de parto (vaginal/cesareo), uso de
antibiético durante a gestacdo (sim/naqg)rematuridadd€sim/ndo); epara analise de
amostras déezes: tipo de parto, aleitamento materno exclusivo (sim/rdeg)e do bebé
(1, 3 e 6 mesesx} prematuridade (sim/ndodNenhum bebé foi exposto a antibibticos
durante o periodo de coleta de fefe@s.modelos foram realizesl paraodo o grupo de
bebés e estratificados quando a andlise sugeria interacdo com alguma covariavel (FI com
p-valor < 0,05)

Realizamosanalise PERMANOVAutilizando af u n - akdo nfidos gacote
fi v e g(software Rpara estimao efeito as poluente$R?) nas métricas de diversidade
beta. A analise das coordenadas princiffa@oA) também foi realizada para descrever
e interpretar tal associacdo e identificar fatores explicativos das diferencas entre as
comunidades microbianas.

Utilizamos op a ¢ dviaagdinoffHIMEL MALLICK; LAUREN J. MCIVER; ALI
RAHNAVARD; SIYUAN MA et al) (software R)paracalcular os coeficientes de
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associacao entre os taxons bacterianos e os poluentes. O mesmo pacote foi utilizado para
selecionar os taxons significativamente alterados pela exposicdo aos pol@nigs|
de significancia estatistica foi FDR (False Dismgv Rate) < 0.25.0s téxons
significativamente alterados foram utilizados para a construcdohdasnapse
agrupamentohierarquico (hierarchical clusteriny dos taxons utilizando o pacote
ACompl exHeat map@U; ELS [SCHLESNER, BOL6)Para melhor
visualizagéo das diferencas na contagem de OTUs, os dadoddgeaitmizados.

O nivel de significancia estabelecido sera de 5%. Intervalos de confianca de 95%
serdo calculados sempre que aplicaveis. Todas as analises esthifaticessalizadaso

softwareR versaat.0.3

3.15.2Descricdo das variaveis de exposicams poluentes

A exposicéo aos poluentes foi dividida em: exposicdo materna, que diz respeito
aos poluentes aferidos no sangue materno (DDT, PFAS e metais) e na urina materna
(piretroides) e; exposicado cordao, que se refere aos poluentes aferidos no sangue de
corddo umbical (DDT, PFAS e metais).

Quando o valor aferido foi inferior ao limite de quantificag@@ao dividimos o
limite de deteccao pela raiz quadrada de doigeitamos o valor obtid@Quando o N de
imputacéo era superior a 50%, \asiaveis foram categorizadas expostos sim/nao.
Apenas os PFAS e os metais foram analisados como variavel continua, DD Toelpsetr
foram categorizados.

Para efeitos de dlise, osmetabdlitos ?BA e 4FPBA foram somadostratados
c omo A p ioOenktsmo foi eikopara a exposicaoZDT: no sangue materrgua
concentracdo fdomada com@somados metabolitog,4-DDD, 4,4-DDE e 4,4-DDT,
no sangue de corddo umbilical os metabodlitos que compuseram a soma rard @
DDT, -DDE &40, -B@I. O mesmo se deu para a exposige®FAS quetanto no
sangue materno quanto no sangue de cdiddi@am suas concentracdes dagelasoma
de PFOA e PFOS.

3.16 ASPECTOS ETICOS

Os procedimentos deste projeto respeitarpreseitoséticos da Declaracao de
Helsinque e da Resolucdo 466/2013 do Conselho Nacional de Saude sujuisaPe
Envolvendo Seres Humanos, tendo sido aprovado no Comité de Etica em Pesquisa da
ME/UFRJ (nimero d®arecer: 3.522.210ps objetos de estudo daebéslesta forma,
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suas progenitoras/eramacesso a®d CLE depois deelucidados os beneficios e possiveis
riscos que poderéo ocorrer durante o processo da pesquisa.

A coleta de material biologicdos bebéando seréd feita de forma invasiva e os
resultados obtidos saanaliss das amostras terdo garantidas sua privacidade e
confidencialidade. Os resultados dos exames serdo repassados a cada responsavel na
ME/UFRJ em encontros agendados onde também serdo feitas palestras e atividades
educacionais para esclarecimentos e orieeg0s pais de criangas que apresentarem
alguma alteracdo nos resultados dos exames serdo encaminhados para avaliacdo e

acompanhamento pela estratégia de saude da familia e/ou posto municipal de saude.
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4. EXPOSICAO PERINATAL A POLUENTES AMBIENTAIS E O IMPAC TO
NA MICROBIOTA INTESTINAL NO INICIO DA VIDA.

Este cap2tul o apresenta o manuscrito APeri:
associated with altered eallyi f e gu't mi crobi omed de autor
Naspolini, Armando Meyer, Josino CastVloreira Haipeng SunCarmen I. R. Froes

Asmus e Maria Gloria DomingueBello.
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Abstract
Emerging evidence shows that the gut microbiota interacts with environmental
pollutants, but the effect of early exposure on the neonatal microbiome remains
unknown. We investigated the association between maternal exposure to
environmental pollutants arathanges in earlife gut microbiome development. We
surveyed 16S rRNA gene on meconium and fecal samples (at 1, 3, and 6 months)
from the Brazilian birth cohort, and associated with levels of metals, perfluoroalkyl
chemicals (PFAS), and pesticides in mia& and umbilical cord blood. The results
indicate that the magnitude of the microbiome changes associated with increasing
pollutant exposure was biggeragasareasection(CS) born and C®ornpreterm
babies, in relation to vaginally (VG) delivered infa. Breastfeeding was associated
with a stronger pollutarsissociated effect on the infant feces, suggesting that the
exposure source could be maternal milk. Differences in microbiome effects
associated with maternal or cord blood pollutant concentragiogmgest that fetal
exposure time intrauterine or perinatalmay matter. Finally, despite the high
developmental microbiota variability, specific microbionts were consistently
affected across all pollutants, with taxa clusters found in samples frantanf
exposed to the highest toxicant exposure. The results evidence that perinatal
exposure to environmental pollutants is associated with alterations in gut
microbiome development which may have health significance.

Teaser
Maternal exposure to metals rfpeoroalkyl chemicals and pesticides is associated
with changes in infant meconium and fecal microbiome.


mailto:mg.dominguez-bello@rutgers.edu

46

Introduction

Industrialization has led to substantial environmental degradation, and remediation
practices are only starting globally, with develapoountries including Brazil-

really behind. The global agivod system entitles widespread use of pesticides,
synthetic fertilizers, and transgenic seeds; mining activities such as of nickel, gold,
iron, and other metals of commeraiaierestgenerate toxicants, as dwmny

activities involving fossil fuel and biomass burnjngth inappropriate disposal of
hazardous waste (e.g., electroni@d) these are contributintp the excessive release
of toxic substances into the eronment (14) leading to a loss of the ecosystem
diversity (5).Not only environmental mrobial ecosystemisut hostassociated are
affected by environmental toxins. Urbanizatisrassociated witdecreased

bacterial diversity in the human microlme (6, 7) which starts assemblirduring

labor and birth. The first bacteria to colonize the gut and the change from a low
diverse microbiome at birth to a rapidhaturingecosystem is crucial to establish an
optimal symbiosis with the host and fbetimmune system maturation (8).
Disruption in theearly colonization process has been related to clinical conditions
such as obesity (9), severe malnutrition (10), atrophy, and asthma (11),
inflammatory bowel diseases (12), psychiatric disorders, amitbrays (13, 14).

Exposure to environmental toxins occurs via food (15), air, dust (16), water (17),
and human milk (18), and health concerns regarding the adverse efféots on
population, particularly on children (1Bave increased in recent yedsstal and
early-life stages have long been recognized as critical periods for developmental
programming and for influencing health later in ({#8), and &posure to toxic
agentgnayaffect developmental processéigectly or indirectlyvia the microbiome
(21, 22).

The gastrointestinal tract is a key organ involved in xenobiotic processing, and the
microbiota has a broad ability to metabolize chemical substances, increasing or
decreasing the host toxicity (21). Several animal studies show thatseential

metals sich as lead, arsenic, cadmium, and pesticides such as permethrin and
chlorpyrifos induce changes in microbiome compositionZ@B We alsknow

from animal studies that the toxicity is related to microbrotdiated bioactivation

of metabolites or chameg in the microbiota functional capacity (2Fgw
epidemiological studies have addressed the relationship between environmental
pollutants exposure and the gut microbiome. Persistent organic pollutants exposure
detected in breastmilk was associated watthuced gut microbiome diversity and
altered microbial function in Norwegian ongonthold neonates (18and high
exposure to arsenic during pregnancy resulted in a higher abundance of
Proteobacteria among @yearold-children in Banglades{28). Howeve,

prospective studies evaluating multiple pollutants exposure and the impact of
environmental pollutants ahe babygut microbiota is poorly investigated. These
studies are important since altered microbial expasuearly lifecould alter
developmenhand lead tancreased risk ofhronic immunemetabolic disease$he
currentstudyin an infantmother dyad cohortletermined thelifferences in early

life microbiomestructurewith varying exposure levels to environmental pollutants
(metals, PFAS, and pesticides).
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Results
Characteristics of the study population
In this study, we characterized the meconium and developmental fecal microbiome
of infants at 1, 3, and 6 months, and associated it with environmental pollutants
exposure during the perinatal period. Our analyses included 94 robiltepairs in
which both infant gut microbiota and levels of pollutants were characterized at birth.
Pregnant women were mostly 25 yo or older (58.5%), with a mean age of 28 years
(SD 7 and nonawhite (75.5%). Close to 40% were educated more than 12 years and
more than on¢hird reported low (36.3%) or middle (38.8%) fwapita family
income. Up to 50% of the women were overweight or obese before becoming
pregnant and 9.6% used antibostduring pregnancyf@ble 1).

Deliveries were dominantly by cesaresaction (CS) 58.5% and included those born
preterm (8.5%). Most neonates were male (56.4%) and had adequate birth weight
(81.9%) weighing 3,252.8g (SD 561.8) on average. In the @illstf-up visit

infants (1 = 18) were at a mean age of 41.3 days (SD 8; 6 weeks), were mostly
breastfed (61.1%) but still below the WHO recommendation (29). In the second
follow-up, infants (= 17) were 3 months old (mean age of 99.4 days [SD 11.3]; 14
weeks) and mostly noireastfed (58.8%). In the third folleup (h = 19) babies

were >6 months (194.9 days [25.8]; 28 weeks) and 52.6% had inappropriate feeding
practice (by maternal report), classified according to WHO recommendation for non
breastfed childen and complementary feeding of the breastfed infants (30, 31)
(Table 1).

Pollutant exposure

Table 2shows the pollutants exposure characteristics assessed in this study
population. Overall, metals were detected in 100% of samples, PFAS in 92.5% of
materral blood and 70.4% in cord blood, and pyrethroids (PYR) were detected in
33.3% of the urine samples. Dichlorodiphenyltrichloroethane (DDT) was detected in
25% of cord blood and 27.9% of maternal blood samples. There were significant
correlations between srces of pollutants. All metals in cord blood had a strong to
high correlation with metals in maternal blood (rho 0.59 to 0.68, p=0.000) and
maternal PFAS had a weak correlation with cord PFAS (rho 0.35, p=0.000).
SupplementalTables 1and2 show pollutard” correlation within and between
classes. In cord blood, the highest iatkrss correlation was found between Hg and
Cd (rho 0.395, p=0.000) followed by Hg and Pb (rho 0.302, p=0.000). All-cross
class correlations were weak (rho between Hg and PFAR)7, p=0.057) or non
significant. In maternal blood, Pb had a moderate correlation with Cd (rho 0.503,
p=0.000) and Pb (rho 0.560, p=0.000). All croksss pollutants correlations were
weak (rho between arsenic and PYR: 0.315, p= 0.002) esigaificant.

Microbiome and associations with pollutants

At birth, infants had a mean Shannon diversity index of 2.73 (SD 1.33) and later
developmental feces had a mean Shannon diversity of 2.55 (SD 0.82) (Table S3).

The infants' meconium microbiome was dominated&lsyc her i c hand1T Shi gel
Bacteroideswvhile later feces had a decrease of this member of

Gammaproteobacteriwith replacement by Bifidobacterium and
EnterobacteriaceaBifidobacteriumE. coli,andLactobacilluswere found in

Brazilian infants during the first year of life (32) and, at 3 and 6 hotiite

dominance oEscherichiawas also found in Brazilian infants (33).
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Pollutants were associated with changes in meconium and fecal microbiome
structure and composition.

Pollutants affected the infant microbiome differently, with some pollutants dpavin
bigger impacts. The rank of pollutants by effect would be
arsenic>cadmium>mercury>lead. PFAS and pesticides had less effect than the
metals did.

Arsenic (As)

The effect of cord blood arsenic on the gut microbiome was associated with birth
stressors such as birth mode and preterm delivery. Arsenic in maternal blood
recapitulates the results (alpha and beta diversity) of arsenic in cord blood so it will
be presented as supplemental material (Fig. S1.). Increasing levels of arsenic was
associged with less meconium alpha diversiby-0.012,p=0.082) in CSborn babies
and an aggravated effect in @&term birth -0.034,p=0.024). The arsenic effect

in developmental feces was in the opposite direction. Increasing arsenic was
associated witimore alpha diversity in later feces, observed only in EBF bahbies (
0.024,p= 0.015) aggravated effect was found in-kx#n infants § 0.033,p=

0.017). Increasing arsenic level in cord was associated with increased Shannon
diversity £ 0.171,p= 0.06) invaginatborn babies observed only in meconium and
not later in developmental feces, data in Fig. S1. Vaginal born or vdyeesdtfed
infants did not show differences in fecal alpha diversity.

As another means of identifying changes in the microbiotacediby pollutant
exposure, we performed a principal coordinate analysis (PCoA) of all and stratified
samples using the Unifrac and Br@yrtis distance metrics. Regardless of the
source, increasing arsenic levels increased meconium microbiome distanogs amo
CS-preterm babies only, as shown by the PCoA plot (calculated based on weighted
UniFrac) in Figure 1B. The arsenic effect size was around 30% for both exposure
sources (R29.9%; p= 0.067 and 30.3%; p= 0.053 umbilical cord and maternal
arsenic respectely). Increasing arsenic also moved the distances of developmental
feces in CS born (R78.5%; p= 0.062) or GEBF infants (R 99.7%, p= 0.047),
illustrated in Figure 1E.

A very consistent taxa cluster was found in meconium from newborns exposed to
high cord arsenic (Figure 1C). The taxa cluster consistirgjadtia, Veillonella,
HaemophilusBifidobacteriumandFusobacteriunwas found regardless of baby
groups. Also, the low arsenic exposure group had a more similar taxa composition
regardless of baby groups. Increasing levels of arsenic was associated with higher
Veillonellain meconium (coef 0.212eplue= 0.018) with suained increase in

later feces (coef 0.371;\plue= 0.244). Regardless of the source, higher arsenic
exposure was associated with lower meconfaacalibacteriun{cord As:-1.42e

17, qvalue= 0 and maternal As{.54e04, gvalue= 0) and tw&lostridium s

were increased in later feces, among other taxa. BesidesHiaughtellawas

depleted (coef0.109, gvalue= 0.244) in the high cord arsenic group independent
of birth groups and breastfeeding (Figure 1 C and F).

Cadmium (Cd)

Cadmium was the moshigue metal in terms of its effect on the microbiome.
Regardless of being in lower levels in cord blood compared to maternal blood, Cd
exerted a stronger effect on the meconium microbiome and affected developmental
feces in VGborn infants. Increasing cadimm in cord blood was associated with
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less £ -0.256, p= 0.052) meconium phylogenetic diversity in all babies-(non
stratified analysis) (Figure 2A). Consistent with the PCoA plot analysis, which
increasing concentrations of cord Cd slightly movetiZR9% p= 0.037) all babies
meconium microbiome in the PcoA space (based on unweightdtac),

illustrated in Figure 2B.

Stronger effects of Cd exposure were observed later in developmental feces than in
meconium and the effect was associated with delivergenRegardless of the

source, increasing Cd was associated with more phylogenetic diversity in CS
preterm babies (cord C8:2.167, p= 0.058; maternal Col2.580, p= 0.043) and

cord Cd increased fecal diversity in EBf born © 1.776, p= 0.032), as shovin

Figure 2D.

Despite the source, increasing Cd significantly increased fecal microbiome distances
(cord Cd: R 31.4%, p= 0.003; maternal Cd? R7.5%, p= 0.014) in VG born babies,

as shown by the PCoA plot (calculated based on weighted UniFrac distance) in
Figure 2E, this finding was only found in Cd exposure analysis.

Regardless of the source, increasing Cd was associated with higher meconium
Intestinibacter GeoalkalibacterandFaecalibacteriumA taxa cluster composed of
Parabacteroides.distasonad 3 members @acteroideggenus was found in the
meconium of newborns in the high maternal Cd exposure group, regardless of baby
groups (Fig. ST).

Also, RuminiclostridiumClostridium.butyricumFlavonifractor,
Erysipelatoclostridiumand twoVeillonella.seminalistrains were consistently
increased in the developmental feces of infants within the high Cd exposure group.
Increasing cord levelof Cd was associated with sustained higher abundance of
Ruminococcaceaamily (coef 0.096, evalue= 0.015) in meconium and later feces
(coef 0.118, gvalue= 0.119) (Figure 2C and F). While increasing maternal Cd was
associated with slightly mofeaecalbacterium(coef 0.001, evalue= 0) in

meconium, and this same taxon was greatly increased in later feces (coef 0.3289, g
value= 0.080) (Fig. S2. C and F). Faecalibacterium also belongs to the
Ruminococcaceaamily, a member o€lostridia class.

Mercury (HQ)

Although Hg in cord blood did not affect meconium alpha diversity, increasing
maternal Hg was associated with more Shannon diversity in VG bora g7, p=

0.066) and a higher increase was observed in newborns indirectly exposed to
antibiotics during pregnanc 0.629, p= 0.029). Like arsenic exposure, Hg was
associated with less meconium diversity in@s8term babied(-0.652, p= 0.035)

(Fig. 3. A) sustained later in developmental feces of CS Hor8.160, p= 0.0681),
shown in Fig. S3. D. Unlike in meconium, increasing Hg in cord was associated with
more phylogenetic diversity in developmental feces ofp@Serm b 0.473, p=

0.036) consistarwith changes in beta diversity (cord hg:3®.59%, p= 0.022), as
shown in the PCoA plot (calculated based on unweighted UniFrac distance) in
Figure 3D and E.

Despite the source, increasing Hg moved the meconium microbiome-bbkG

babies (cord hg: 8.48%, p= 0.019 and maternal hgd:R93%, p= 0.007), as

shown by the PCoA plot (calculated based on weighted UniFrac distance) in Figure
3B.

Regardless of source, increasing levels of Hg was associated with several increased
taxa in meconium (Figure 3Gs members from the gendibstipes(cord coef.:

0.2248, gvalue= 0.115 and maternal coef.: 0.2078atye = 0.223) and
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Faecalibacteriun{cord coef.: 0,005,-galue= 0 and maternal coefQ,001, gvalue
=0). Also, increasethtestinibacter(coefcora.: 0.814, gvalue= 0.080 and cagftemai:
0.287, gvalue= 0.022) and lowdviegasphaerdgcoefcora.: -0,013, gvalue= 0 and
coehatemal -0,006, gvalue= 0) was found in developmental feces of infants with
increasing levels of cord and maternal Hg, illusttan Figure 3F.

Lead (Pb)

Unlike arsenic and Cd, increasing Pb in cord blood was associated with more
meconium phylogenetic diversity in all newborb<(248, p= 0.032) except VG and
CS-preterm babies, Figure 4A. Like Hg, the stronger Pb effect was observed among
babies indirectly exposed to antibiotic exposure during pregnénx@382, p=

0.028), maternal Pb recapped this findibd. (337, p= 0.009) (§. S4. A). No effect
was observed on developmental feces but increasing maternal Pb was associated
with less fecal Shannon diversity in EBFS infants § -0.302, p= 0.004) (Fig. S4.

D).

Alpha-diversity findings were consistent with the PcoA plots, ivehthat

increasing Pb in cord slightly moved?®21%, p= 0.023) the meconium

microbiome of CSbhorn babies in the PcoA space (based on unweightgerac),
illustrated in Figure 4B. As did Arsenic, increased maternal Pb significantly affected
fecal betadiversity of CSEBF infants (R17.28%, p= 0.008), as shown in the PCoA
plot (calculated based on unweighted UniFrac distance) in Fig. S4. E.

Infants in the highest cord Pb exposure group had meconium community
composition greatly impacted (Figure 4C). @adifferent taxa clusters were found

in the meconium from infants within medium and high exposure levels. The first
taxa cluster, composed of members offhgibaculaceadamily, Barnesiellaand
Bacteroidalesvas found regardless of birth groups. Addiady, we detected
increaseMuribaculaceadcoef 0.376, evalue=0.010 and 0.201;\@lue=0.189)
andStreptococcugcoef 0.505, gvalue =0.105 and 0.567;\@lue =0.013) in
newborns™ meconium regardless of Pb source. Increasing maternal Pb was
associated h lower meconiunfaecalibacteriun{coef-0,005, gvalue= 0) and

this same taxon was increased later in feces (coef 0.3&ue= 0.241), illustrated

in Fig. S4. C and F.

Perfluoroalkyl chemicals (PFASS)

PFAS exposure mostly affect&@&-preterm infants as As and Hg did. Increasing
PFAS levels in cord blood was associated with less alpha diversity (Pielou evenness)
in CSpreterm newborng(-0.087, p= 0.020) and increased diversity infGiEterm
newbornsf)-0.037, p= 0.090) trendedward significance, shown in Figure 5A. As
arsenic and Pb findings, increasing PFAS was associated with more fecal diversity
in EBF ©0.116, p= 0.009) and GBBF infants f 0.120, p= 0.028). It seems the
global effect is due to CS birth as increasing PE#&ESnot affect VGEBF infantsi

or VG delivery is protective. Maternal PFAS recapped the effect of cord PFAS
within CS-preterm newborns with borderline significanbe.042, p= 0.097) and

later, this same baby group had increased fecal divebsityl 86, p=0.054) Fig. S5.

A and D.

Differences in meconium beta diversity of all newborns were associated with
increasing PFAS in cord blood {R.14%, p= 0.064) with greater dissimilarity

among VG born (R5.99%, p= 0.059), illustrated in the PCoA plcalculated based

on BrayCurtis distance), Figure 5B. PFAS cord effect on later fecal microbiome
was found among EBF infants{lR0.3%, p= 0.023), as shown in the PCoA plot
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(based on weighted UniFrac) in Figure 5E, and it was consistent with alphatgliversi
findings. Hg exposure also affected the meconium ofdéG and feces of EBF

infants.

Interestingly, maternal PFAS seems to impact beta diversity of different baby groups
than cord PFAS did. PFAS in maternal blood exerted a strong effect on beta
diversty of CSpreterm newborns @R4.45%, p= 0.055), based on unweighted

Uni Frac (Fig. S5. B). While | ater, mater
microbiome in the PcoA spacei®71%, p=0.002), calculated based on unweighted
UniFrac (Fig. S5.E).ie ef fectsd6 differences bet weerl
higher mean levels found in maternal blood 3.66 (SD 3.33) compared to cord blood
1.36 (SD 1.14) (Table 2).

Next, we tested whether increasing levels of PFASs affected the taxa composition of
meconium and developmental feces (Figure 5 C and F). Newborns in the high cord
PFASs exposure group had many increased taxa in meconium and lacked
Bacteroidegb coef.:-0.158, gvalue = 0.238) (Figure 5C). Besides, increasing

levels of cord PFAS was associated with more than 136 altered taxa in meconium of
newborns indirectly exposed to antibiotics during gestation (those were not included
in the heatmap). Later in developntal feces, very few taxa were affected by PFAS
exposure, but slightly motdegasphaergcoetors.: 0.001, gvalue=0 and

coetnatema: 0.004, gvalue= 0) was found in feces, no matter PFAS source.

High maternal PFAS was associated with the depletiapdd 15 meconium taxa

and fecal taxa were found to be increased in the high maternal PFAS exposure
group. We also found a sustained increaggarhellain meconium  coef.: 0.120,
g-value = 0.212) and in developmental fedesdef.: 0.473, eyalue = 0.@0) (Fig.
S5.CandF).

Pyrethroids insecticides (PYR)

Further, we investigated if the presence of pyrethroids metabolites in maternal urine
was associated with alterations in infant meconium and fecal microbiome (Figure 6).
We found remarkably similarffects to what was found in As, Hg, PFAS, and DDT
exposures, although all creskass pollutants correlations were weak or-non
significant (Table S2). Maternal exposure to pyrethroids was associated with more
meconium alpha diversity in vaginal birtis@. 114, p=0.079) and in newborns
indirectly exposed to antibiotics during gestatib® 330, p=0.096). In contrast, €S
preterm newborns had less alpha diverdity0(2484, p= 0.080) associated with
pyrethroid exposure (Figure 6A). Maternal pyrethroid exje is associated with
increased fecal phylogenetic diversity in EBF babies dnly.196, p= 0.028),
consistent with beta diversity changes.

Maternal pyrethroid exposure is also associated with changes in meconium beta
diversity of VG delivered newborr{&? 6.32%, p= 0.028), as shown in the PCoA

plot based on weighteddniFrac (Figure 6B). Pyrethroid exposure was associated
with higher fecal microbiome distances in EBF infanté§R2%, p= 0.047)

compared to the PYR effect in n&BF (R 2.51%, p= 0.674), as shown by the
PCoA plot based on unweightéthiFrac (Figure 6E).

Meconium taxa composition of PYR exposed newborns did not differ from the non
exposed newborns, onRkaecalibacteriumwas slightly decreased in meconium
samples from infants within the exposure group (ce@fd05, gvalue = 0).

However, we detected an altered abundance of taxa later in developmental feces
associated with maternal PYR exposure as se@oatridiumspp. andveillonella

Spp.
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DDT

DDT exposure, both in cord and maternal blood, had only modest effects on
meconium and fecal microbiome. Like arsenic, Hg, and PFAS, cord DDT was
associated with increased meconium weightedirac distance in Ggretem
newborns (R30.44%, p=0.046) while a nesignificant effect was found among
full-term babies (R1.03%, p= 0.492), as shown in the PCoA plot (Figure 7B).
Regardless of source, DDT exposure was associated with higtlemospiraceae
(coefcord: 0.318, gvalue= 0.204 and cogftenal 0.325, gvalue= 0.142) and
Faecalibacterium(coefcord: -0,008, gvalue= 0 and coefaternal 0.005, gvalue= 0) in
meconium (Figure 7C and Fig. S7. C) and Msgasphaerdcoefcord -0.017, g
value= 0 and coefaternal -0,012, gvalue= 0) in fecal samples (Figure 7F and
SFigure 7F). In addition, maternal DDT exposure was associated with differential
abundance of up to 45 meconium taxa (not included in the heatmap).

Summary of results

The higher exposure rish this population was to metals, which were detected in
100% of the mother and newborn sampleowed by PFAS exposure, found in

92.5% of maternal blood and 70.4% of cord blood. While pesticides were detected in
around 30% of this population. As aR8 were above the levels reported in other
national and international studies (34). Unsurprisingly, metals exerted significant
changes in infants' microbiome while pesticides have only modest effects.

Figure 8visualizespatterns of taxa compositi@nd pollutants exposure.

Hierarchical clustering revealed the appearance of three taxa clusters in meconium.
The first composed dfeillonella, MuribaculaceaeStreptococcusand

Haemophilusvas found under the highest Pb and arsenic exposures. The second
taxa cluster, composed Afathobacter, E. Shigella, Lachnospiraceae, Alistipes,

and Barnesiellavas associated with increasing levels of Hg and Pb in cord blood.
The third taxa cluster comped ofLactobacillus Erysipelatoclostridium
IntestinibacterandBacteroides thetaiotaomicramasobsevedn feces from infants

with maternal exposure to PYR and Hg. Notably, membeFaetalibacterium
responded to all m a danéMegasphaergndelcds wasa nt s 6 e X
affected across all cord pollutants except Cd. This could suggest similarities in the
interaction between pollutants and these bacteria.

Discussion

Emerging evidence suggests that gut microbiota is a key ptagegss the toxicity

of environmental contaminants, although still not fully understood (35). In this
study, we conducted 16S rRNA gene sequencing on meconium and developmental
fecal samples from the PIPA birth cohort and identified that the impact of exposure
to environmental pollutants is compounded with the effect of ¢iéelgtressors on

the infantandthe extent of changes in microbiome tended to be specific within a
particular baby group

Pollutant exposure associations with altered meconium and fecal
microbiome in babies with earlylife stressors.

Our results show that pollutants had a stronger effect on the meconium and
developmental fecal microbiome structure of infateBvered by Gsection,
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including CSpreterm babies, as well as in infants that were indirectly exposed to
antibiotics during pregnancZS-born infants showed significant changes in their
meconium microbiome associated wihitigh exposures of As, Pb, and'R.

Notably, As and Pb lead to sustained changes observed in later feces within this
same baby group. Even stronger effects were fou@btpreterm newborns

associated with As, but also to Hg, PFAS, and DDT exposures, witHdetigg Hg
effect found lagr in developmental feceg\ntibiotic exposureaduring pregnancy

was also associated with higher meconium alpha diversity in newexposedo

Hg, Pb and PYR, but the differences were not found in later feces.

It is recognized that G&nd preterrbornbabies have lower microbiome diversity

(36) and in both cases, antibiotic administration either intrapartum or during preterm
newborn hospitalization are common practices (37). Our results show that exposure
to pollutants can exacerbate a prior disruphécrobiome and it may increase the
individual susceptibility to the toxicity of the pollutants (27).

The direct interaction between metals and gut bacteria has been explored in
antibiotictreated and gerffiree (GF) mice. These animal models excreted
signfficantly less arsenic, Cd, Pb, and Hg, and host bioaccumulation and toxicity
were confirmed by organ evaluation (38, 39). Remarkably, Coryell and coworkers
(2018) found that human gut microbiome transplant protects GF As@nmice
(dysfunctional in arsenimethylation) and the protection was related to
Faecalibacterium prausnitziOur results found decreasedecalibacteriumn

meconium of newborns in response to high cord arsenic and DDT exposure.

The microbiome can mitigate the xenobiotic toxicity ljiray as a physical barrier,

by binding to the pollutant and decreasing its uptake and, by transforming into less
toxic compounds, among other mechanisms (40). In this study, we observed lower
impact in microbiome of the V@elivered infants. Overall, thayere less affected
among the studied baby groupky, PFAS, and PYR exposures were associated

with changes in meconium betiaversity in VGborn babies. While the observed
effects ranged from 9 to 6% in VVorn and the effects were not observed later in
infant feces. A greater effect on meconium was found ip@&rm (Rranged

from 24 to 30%) under PFAS exposure. Suggesting higher resilience of the VG
delivered newborns' gut microbiome that could be attributed to the microbiome
structure andhtegrity of the gut epithelium barrier. Intestinal barrier maturity could
be another source of variability to explain the differences found within baby groups.
Increased immaturity and intestinal permeability are demonstrated in preterm infants
(41, 42)

Our findings add to growing evidence that components of the gut microbiome can
mitigate or exacerbate the toxicity of metals' exposure (27). Some microorganisms
can methylate Hg and increase its bioavailability, bacteria methylation capability is
often cemonstrated within thBeltaproteobacterialass (43). We did not find any

taxa within this class to be affected by increasing levels of Hg. However, high cord
Arsenic and Cd were related to increased levels of beneficial bacteria such as
Bifidobacteriumand Faecalibacteriumand it could representraechanism of
protection exerted by the gut, a process
and coworkers (2014) reported reduced blood levels of Hg and arsenic in pregnant
women after treatment witbactobadlus rhamnosusMembers ot.actobacillusare
known to sequester, bind or store metals resulting in lower metal absorption by the
host and increased excretion via feces (
microbiota as overrepresentation of geeesoding the siderophoef®nding protein
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were observed under metals exposure and the bacterial composition producing this
response was different for each metal.

This dynamic response and changes of the microbiota in response to pollutant
exposure infornour findings on the association between perinatal pollutant
exposure compounded with the effect of edifly stressors on the infant

microbiome perturbation and highlight the importance of the microbiota in
protection against pollutant toxicity.

Pollutant source and intensity of the effect on the meconium microbiome

Unlike arsenic results, in which maternal findings recapped cord results, we found
variability across sources of pollutants (Cd, Hg, PFAS, and DDT) and it makes
conclusions difficult.

Despit Cd being lower in concentration in cord blood compared to maternal blood,
it had a stronger effect on the meconium microbiomekidésv from animal models

that the dose, duration of exposure, and developmental status of the animals lead to
distinct chages in microbiota composition (27). We observed decreased meconium
alpha diversity related to Cd exposure and changes in developmental feces were to
the opposite direction. Mice exposed to environmentally relevant (low) doses of Cd
did not show alpha divsity changes, unlike our findings whereas we did find a
decrease in meconium phylogenetic diversity. The authors described many affected
bacteria within th&ClostridiaceaeErysipelotrichaceagandLachnospiraceae

families, the last is known as a marker of health (45). Here, infants within the high
cord Cd exposure group had several differential abundances of OTUs consistent
with those (23). Additionally, we observed a sustained increase of the
Ruminococcaceamily in meconium sustained in later infant feces and, unlike
arsenic, a minor increase fiaecalibacteriunwas observed in infants meconium

within high Cd exposure. Disparate changes in rat bacterial communities were
previously attributed to differences inging, for example, low metal exposure was
associated with more alpha diversity while mid and high level with more alpha
diversity (24).

We found that PFAS in maternal blood was associated with changes in meconium
betadiversity in CSpreterm newbornsyhile PFAS in cord blood affected
microbiome distances of \\Born babies. This is most likely given that PFAS levels
in maternal blood were higher than in cord blood also, birth groups had different
exposure levels, GBorn babies had significantly higheean levels of cord PFAS
compared to V&orn infants. Iszatt and coworkers (2019) found that PFOS in
maternal milk was associated with changes in fecaldigtasity (estimated by
unweighted UniFrac) of-inonthold infants (18). They also reported more
Enterococcusand lesd actobacillusin infants in the high PFOA exposure group
accompanied by more propionic acid in the stool. In our study we found several
increased taxa in meconium associated with high PFAS in cord blood and
Megasphaergenus was consittly affected in feces, regardless of PFAS source.

Different from arsenic, DDT exposure is associated with modest changes in the
microbiome. Iszatt and coworkers (2019) also found few effects onrienirold
fecal microbiome associated with DDT irebst milk; they reported an increase of
the genusstreptococcus Anyway, our finding should be interpreted cautiously as
the exposure to the organochlorine metabolites was found to be &3, 25%) in
our population. So the modest impact could betddew detection rate, not low
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toxicity. Also, comparisons with the effect of arsenic exposure should be made
cautiously. The effect adrsenic on gut microbiota was previously observed in
infants (28, 46) and several animal models (23, 24, 38). Thisigpnising given

that arsenic was used as an antimicrobial agent before the discovery of penicillin.
However, little is known about the effect of many other xenobiotics on the gut
microbiome. We found that exposure to DDT was mostly related to changes in
community composition as alteréachnospiraceaandFaecalibacteriumirin
meconium and ledglegasphaeran feces, no matter DDT sourddegasphaera
abundance is inversely associated with infant diarrheal cryptosporidiosis (47).

Breastfeeding isassociated with a stronger pollutant effect on feces.

While the effect of the pollutants on the microbiome was mostly related to birth

mode and birth stressors. The effect of arsenic, Hg, Pb, PFAS, and PYR exposure on
developmental feces microbiome wasoassted with exclusive breastfeeding.

The effect of environmental pollutants on the gut microbiome of exclusively
breastfed infants was previously demonst
determined metals and pyrethroids insecticides in breast milk @ithdid in this

study, Cd assessment in breast milk was reported in Brazil (48) and other metals
(Cd, Pb, and arsenic) in other countries (49). This could allow us to consider that

the pollutant effect associated with breastfeeding is related to matelkal
contamination. Or, in the case of arsenic, Pb, and PFAS exposure, the effect in
global breastfed infants (not stratified by birth mode) could be due to CS birth
because there was no effect in breastf&ldelivered infants.

Some pollutants clusterd and correlated with taxa clusters found in meconium
and developmental feces.

Hierarchical clustering of the taxa significantly altered by more than one pollutant
revealed some signature. Metals in cord blood were associated with two taxa clusters
in mecaium: one composed &feillonella, MuribaculaceaeStreptococcusand
Haemophilusvas found under the highest Pb and arsenic exposures.

The second taxa cluster, composedgéthobacter, E. Shigella, Lachnospiraceae,
Alistipes, and Barnesiellaas associad with increasing levels of Hg and Pb in cord
blood. Increased amounts of Bacteroid¢ég.Alistipes and Barnesiel)avere
demonstrated after metal exposure, members within this phylum can exert direct
effects on metals as methylation, reduction, @axidation (44). Pb is reported to
directly interact with gut bacteria in several different ways resulting in lower
bioavailability for the enterocyte uptake and increased excretion in feces. While
arsenic, in general, undergoes a chemical transformatitodegion,

demethylation, and methylation resulting in more or less toxic fdBasteroides
(e.g.Muribaculaceag, Clostridium Alistipes andBilophila are known to be arsenic
methylators (44).

Another taxa cluster composedlatctobacillus Erysipehtoclostridium
IntestinibacterandBacteroides thetaiotaomicramas found in feces from infants
with maternal exposure to PYR and Higysipelatoclostridiums part of normal gut
microbiota but could become an opportunistic pathogen (50). Also, increased
Lactobacillusassociated with high metal exposure could indicate detoxification and
gut remediation, numerousctobacillusstrains have been shown to alkteis metal
toxicity through binding capacity in vitro and mouse models (44, 51).
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We found three different genera classified within the phylum Firmicutes affected by
most of the pollutants investigated. Member&aécalibacteriunresponded to all
maternalpollutants andMegasphaeran feces was affected across all cord pollutants
except CdVeillonellawas also significantly increased in meconium under arsenic,
Cd, Pb, and PFAS exposures and reminded increased in later feces with increasing
levels of all netals assessed. This could indicate similarities in the interaction
between pollutants and these bacteria.

Potential limitations of our study should be considered. The low number of fecal
sampling during the follovups did not allow stratification by timemt. Even

though some strata such as exclusive breastfeeding, delivery mode within the
breastfeeding strata, and ®8rn-preterm, exerted a great magnitude of association
with the pollutant effect. Although the study was limited in size regarding the
follow-up, the findings highlight the importance of more studies to improve our
understanding of pollutant exposure effects in microbiota development. In general,
studies restrict the study population to VG delivered and exclusively breastfed
infants, but othebaby groups should be considered when evaluating the effect of
pollutant exposure as we observed that the effect may be compounded if the baby is
CS-born or CShorn-preterm. Even controlling for several potential confounders,
residual confounding due tonmeasured variables (e.g. maternal fecal diversity)
could explain parof the associations that we have described. Nevertheless, this
study deserves appreciation for evaluating a vast array of environmental pollutants
and their effect on the developmainnicrobiome and for considering different baby
groups in this association. Moreover, even analyzing a developmental microbiota,
recognized for its high variability and, fetill being reflective of the birth mode, we
could identify some microbiome sigtures.

In conclusion, our study shows that maternal exposure to polliitahthe late
gestational period and during bitlh s soci ates with alteratio
microbiome development. Also, early life stressors were found to aggravate the
pollutant effect on microbiome. Microbiome alterations found in fecal samples from
breastfed infants suggest exposure via breastmilk. Future studies should use
metabolomics to identify microbiota functional alterations and to address the
mechanisms underlyingpllutants toxicity.

Methods

Study population

We used longitudinal data from the pilot study of the PIPA Project (The Rio Birth
Cohort Study of Environmental Exposure and Childhood Developroentucted

in a public School Maternity located in Rio de Janeiro, Brazil, between October
2017 and August 2018 (52). Briefly, a cohort of pregnant womenl42) during

the third trimester of pregnancy was enrolled in a birth cohort study to investigate
the effects of environmental pollutants on mateatald health. The study

population was all consented pregnant women who delivered their offspring at the
School Maternityrf = 131).

Sample collection

At enrolment, pregnant women were at the 28th and 32nd weeks of gestation and
had blood, urine, and questionnatterived information collected. The enrollment
guestionnaire and birth form were designeddlbect data on the prevalence and
pattern of environmental pollutant exposure, sociodemographic and clinical
information. It was applied by trained interviewers and encompassed questions on
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demographic characteristics (p=apita family income, ethnicitygge, and

educational attainment), diet, smoking and alcohol habits, drug consumption, and
physical activity.

At the time of delivery, umbilical cord blood and meconium samples were collected,
and a birth form with clinical information concerning the nembwas filled up by
copying birth health records from the hospital charts.

Fecal samples were collected during the follgpwisits which consisted of a

clinical evaluation by the study team comprising pediatricians, physiotherapists,
nutritionists, and mses. This sampling and monitoring were performed at$he 1
39, and 8 months of age, and growth, respiratory and neurological systems were
evaluated.

Exposure assessment to environmental pollutants

A total of 49 environmental chemicals were quartifie maternal thirdrimester

blood and urine, and umbilical cord blood samples. Twémity organochlorine

pesticides; 17 polychlorinated biphenyls (PCBs); the metalloid arsenic and three
metals, cadmium (Cd), lead (Pb), and mercury (Hg); two metabofifggethroid
insecticides (BA [3-phenoxybenzoic acid] andEPBA [4-fluor 3-phenoxy

benzoic acid]) and; two perfluoroalkyl chemicals (PFAS: perfluorooctanoic acid
[PFOA] and perfluorooctanesulfonic acid [PFOS]). However, only metals,

pyrethroids, DDT retabolites, and PFAS were detected in over 25% of this

population and were included in the analysis. For analysis proposes, PFAS will be
presented as the sum concentration of PFOA and PFOS, pyrethroids as the sum
concentration of 3?BA and 4FPBA, DDT in unbilical cord blood as the sum
concentr aldDTo,n-DDE4 G n-BOTARdADDT in maternal blood as

the sum concentration of 4BDD, 4,4-DDE, and 4,4DDT.

The metals analysis was carried out at the National Institute of Quality Control in
Hedth Laboratory (INCQS) using inductively coupled plasmass spectrometry

(ICP-MS) technique. PFAS, pyrethroid metabolites, organochlorine pesticides, and
PCBs were performed at the Fiocruz Toxicology Laboratory using liquid
chromatographic analysis couglt a sequential mass spectrometer with a triple
guadrupole detector (LC/MS). All pollutants were assessed in maternal and cord

blood samples except the pyrethroid metabolites which were determined in maternal
urine. The met al 0s wéra: Pbi0O0IBg/dL fHgA.GOEFEct i on (
Cd 0.002g/L,As0.00xg/ L; DDT6s metabolites LOD r a
ng/mL and; PFAS LOD were: PFOA: 0.07 ng/mL and PFOS: 0.24 ng/mL and;
pyrethroidds metabol it élsand4EHABA:W.65rnghi 3 BP A:
1. For values below the LODs, we imputed the square rooted divided per LOD.

When imputation was greater than 50%, the variables were categorized as
exposed/noexposed. The metals and PFAS were analyzed as continuous variables,
DDT and pyrethroids wereategorized.

Microbiome analysis and statistics

Neonate fecal DNA extraction and library preparation were performed according to
the Earth Microbiome Project (EMP) standard protocols described on the website
(http://press.igsb.anl.gov/earthmicrobiome/pomisandstandards/). Briefly, DNA

from the meconium and fecal samples were extracted using the DNeasy PowerSoil
HTP Kit according to the manufacturer's instructions. The V4 region of the 16S
rRNA gene of the DNA extracted was amplified with a set of eréaxand molecular
markers. PCR products with expected fragment size were cleaned using the
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UltraCleanhtp 96well PCR Cleanup kit (QIAGEN), and the 16S amplicons were
sequenced on an lllumina HiSeq platform at the Dept. of Biochemistry and
Microbiology located at Rutgers University (NJ/USA).

A total of 4,941,932 sequences were obtained from 160 samples, with a minimum of
485 sequences per sample, a maximum of 164,832 frequencies per sample, a median
of 30,732 frequencies per sample, and an average of3g&Riencies per sample.

For comparisons across samples with different sequencing depths, analysis of
meconium and fecal communities was rarefied to 5,000 reads per sample leading to
12 meconium samples being removed due to naturally low total bacbedial |

present in this sample type, resulting in 94 meconium samples included in the
analysis.

Sequences were demultiplexed and denoised and the operational taxonomic units
(OTUs) were assigned using SILVA database. Alpha diversity for each sample and
distances between samples (beta diversity) were calculated using QIIME pipeline
(53). Alpha divergy or withinrsample diversity was measured using Pielou
evenness, Faithds phyl ogenetic distance
The unweighted/weighted UniFrac distances and the-Brayis similarity data

were calculated to obtain the pairwise beta diversityFtac incorporates

phylogenetic information when determining the distance between OTUs, weighted
UniFrac also takes relative abundance into account while-Buaiys is aware of

relative abundance but not phylogeny.

Covariates

The adjusted model of me@iom included these three variables: delivery mode
(Caesareasection/Vaginal), preterm delivery (< 37 weeks gestation) (Yes/No),
antibiotic use during gestation (Yes/No). The adjusted model of developmental feces
included delivery mode, preterm deliveexclusive breastfeeding (Yes/No), and

infant age (week06, week14, week28). None of the infants received antibiotics
during the stool collection period.

Statistical analysis

To evaluate correlation within and bet we
correlation coefficients were assessed.

To determine significant differences between alpha diversity metrics and pollutants
exposure multiple linear regression models were carried out. We tested for

significant differences in beta diversity metrics withrRetational Multivariate

Analysis of Variance (PERMANOVA) using the R package vegan (54) to test the
significance with 999 permutations and visualized with principal coordinates

analysis (PCoA). This analysis also report{d¥fect size) andpalues, inwhich R

values of different factors affecting distances are directly comparable.

The Maaslin2 R package (Microbiome Multivariable Association with Linear

Models) (55) was performed to detect overrepresented/depleted bacterial taxa in
pollutant exposureamnparisons with correction for false discoveries(@ 1 ue O 0. 2
g-value are FDRadjusted pvalues as computed by MaAsLin). The significantly

altered taxa were then used for the construction of the heatmaps and hierarchical
clustering, Loimpd etxiHe agamalpagd 5) (R soft
visualization of the relative differences, the OUT counts wergrbngsformed.

All alpha and beta diversity models were carried out combined (all

newborns/infants) and stratified analyses were conducted to evaluate the potential
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modifying effect of the covariates. Interaction factors were included in the models
indicating stratificabn when p<0.05.

Construction of baby groups: For meconium analysis, newborns were separated into
seven groups: vaginal born (VG), cesarsaation born (CS), CS and preterm born
(CS-preterm), CS and fullerm born (C&ull term), full-term, indirectly &posed to
antibiotic during pregnancy (AT yes) and rexposed (AT no). For developmental
feces analysis, infants were separated in nine groups: vaginal born (VG), cesarean
section born (CS), CS and preterm born-{£€&erm), exclusively breastfed (EBF),
EBF and VG born (EBWG), EBF and CS born (EBES), overall norbreastfed
(nonEBF), norEBF and VG born (noi&BFVG), nonEBF and CS born (nen
EBFCS).
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Tables and Figures

Table 1. Information of the infant-mother dyad cohort. PIPA Project, 20117

2018, Rio de Janeiro/Brazil.

Maternal characteristics N (%) Birth a n_d_ I nfan N (%)
characteristics

Age (years) Delivery mode

O 24 39(41.5) | Vaginal 39 (41.5)

2571 31 24 (25.5)| C-section 55 (58.5)

O 32 31 (33.0)| Gestational age

Ethnicity Full-term 86 (91.5)

Nonwhite 71 (75.5)| Preterm 8 (8.5)

White 21 (22.3)| Sex

Educational level (years) Female 40 (42.6)

012 36 (39.1)| Male 53 (56.4)

>12 56 (60.9)| Birth weight

Family incomet Low birth weight 8 (8.5)

O R$1.700, 0129(36.3)| Adequateirth weight 77 (81.9)

R$1.701,00 3.000,00 31 (38.8)| High birth weight 9 (9.6)

> R$3.000,00 20 (25) | Feeding practice

Pre-pregnancy BMI Firth follow-up

<185 2 (2.4) Exclusive breastfed 11 (61.1)

18,524,9 40 (47.1)| Non-Exclusive breastfed 7 (38.8)

25-25,9 30 (35.3)| Second followup

O 30 13 (15.3)| Exclusive breastfed 7 (41.2)

Antibiotic use during Non-exclusive breastfed 10 (58.8)

pregnancy Third follow-up?

No 85 (90.4)| Appropriate 9 (47.4)

Yes 9 (9.6) Inappropriate 10 (52.6)

11 US dollar corresponds to nearly 1.39 Brazilian currency.
2 Feeding practice in the third follewp was classified according to WHO

recommendati on

for i nfants at

06

mont hs

of



Table 2.Levels of environmental pollutants assessed in maternal blood, urine, and umbilical cord blodellPA
Project, 201v2018, Rio de Janeiro/Brazil.

Pollutants Sample N N>LOD Mean(SD) Min P25 P50 P75 Max Rho p-value
Metals
Arsenic Maternal blood 93 93 11.40 (4.83) 0.33 8.85 11.21 13.19 36.49 0.673 0.000
Cord blood 90 90 10.87 (3.16) 49 8.44 10.92 12.90 19.95
Cadmium Maternal blood 93 93 1.39(3.15) 0.01 0.19 045 0.94 22.44 0.588 0.000
Cord blood 90 90 1.12(2.45) 0.01 021 043 0091 169
Lead Maternal blood 93 93 451(255) 111 255 412 579 14.65 0.641 0.000
Cord blood 90 90 444 (2.78) 143 290 3.76 490 16.03
Mercury Maternal blood 93 93 274 (2.77) 033 067 125 4.49 13.33 0.677 0.000
Cordblood 90 90 154(1.31) 035 070 099 216 6.39
PFAS Maternal blood 93 86 3.66(3.33) 0.22 1.07 240 6.18 13.35 0.348 0.000
Cord blood 88 62 1.36(1.14) 0.22 0.22 114 196 5.45
DDT Exposed Non-exposed - - - -
Maternal blood 93 26 26 (27.7%) 67 (71.3) - -
Cord blood 92 23 23 (25%) 69 (75%) - -
x Py r et t Maternal urine 93 31 31 (33.3) 62 (66.7) - - - -
Metals units are pg/L except for lead, which is pg/dL; pyrethroids: ngInDDT and PFAS: ng/mL
Metals limits of detection: Pb 0.0E%/dL; Hg 0.007eg/L; Cd 0.00%g/L; As 0.003eg/L
DDTés metabolites Iimits of detection: 0.02 to 0.07 ng/ mL

PFAS limits of detection: PFOA: 0.07 ng/mL; PFOS: 0.24 ng/mL

65
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Fig. 1. The meconium and fecal microbiome structures with increasing arsenic in cord blood.
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Fig. 2. The meconium and fecal microbiomstructures with increasing cadmium in cord blood.
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yes/no) and/or delivery mode-¢ection/vg). Cadmium unit is ug/L. EBF, exclusive breastfeeding; vg, vaginal delivegyinragld indicate
sustained alteration from meconium to fecal samplesianeans that taxon was equally affected regardless of the pollutant source.

Fig. 3. The meconium and fecal microbiome structures with increasing mercury in cord blood.
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UniFrac distance metric, the arrow indicates the effect of cord mercury on the PcoA plot, the ellipses were calculetexdrfalgtivery
(yes/no). All meconium models were adjusteddelivery mode (esection/vg), and/or preterm delivery (yes/no), and/or maternal antibiotic
exposure (yes/no). All fecal models were adjusted for age (week6, week14 and week28) and/or infant diet (EBF, yesttedivarnylfopde
(c-section/vg). Mercury mit is ug/L. EBF, exclusive breastfeeding; vg, vaginal delivery. Taxa in bold indicate sustained alteration from
meconium to fecal samples aAdheans that taxon was equally affected regardless of the pollutant source.

Fig. 4. The meconium and fecal miasbiome structures with increasing lead in cord blood.
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cord lead on the PcoA plot, the ellipses were calculated for delivery maeet{on/vg),C andF) Shown is a heatmap of the taxaais)

significantly associated with increasing lead in cord blood by birthpgrand breastfeeding statusa@s) using generalized linear models
(Maaslin) adjusted for confounding factors (see Methods). All meconium models were adjusted for deliverysaotienfeg), and/or preterm
delivery (yes/no), and/or maternal antibiatxposure (yes/no). Lead unit is (ug/dL). EBF, exclusive breastfeeding; vg, vaginal delivery; NS, not
significant. Taxa in bold indicate sustained alteration from meconium to fecal samplemands that taxon was equally affected regardless of

the polluant source.

Fig. 5. The meconium and fecal microbiome structures with increasing PFAS in cord blood.
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B e E) Principal Coordinate Analysis (PCoA) using (b) Btayrtis and (e) weighted Uni&c distance metrics, the arrow indicates the effect of
cord PFAS on the PcoA plot, the ellipses were calculated for delivery mseet(on/vg) and EBF status (n&BF/EBF);C andF) Shown is a
heatmap of the taxa{gxis) significantly associated withdreasing lead in cord blood by birth groups and breastfeeding statxis)xising
generalized linear models (Maaslin) adjusted for confounding factors (see Methods). All meconium models were adjustedyforatid (e
section/vg), and/or preterm detry (yes/no), and/or maternal antibiotic exposure (yes/no). All fecal models were adjusted for age (week®6,
week14 and week28) and/or infant diet (EBF, yes/no) and/or delivery mae@et{on/vg) and/or preterm delivery (yes/no). PFAS unit is
(ng/mL). EBF,exclusive breastfeeding; vg, vaginal delivery; NS, not significant. Taxa in bold indicate sustained alteration from meconium

fecal samples anélmeans that taxon was equally affected regardless of the pollutant source.
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Fig. 6. The meconium and fecal microbiome structures with Pyrethroids in maternal urine.
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in bold indicate sustained alteration from meconium to fecal sampleSragdns that taxon was equally affected regardless of the pollutant
source.

Fig. 7. The meconium and fecal microbiome structures with DDT in cord blood.
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(yes/no). DDT unit is ng mkl. EBF, exclusive breastfeeding; vg, vaginal delivery; NS, not significant. Taxa in bold indicate sustained
alteration from meconium to fecal samples amdeanshat taxon was equally affected regardless of the pollutant source.

Fig. 8. The meconium and fecal altered taxa across pollutants.
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SUPPLEMENTAL FILES

Table S1.

Correlation within and between classes of pollutants in umbilical cord blood. PIPA Proje¢t2@08,/Rio de Janeiro/Brazil.

Arsenic Cadmium Lead Mercury PFAS

Arsenic  rho 1.000 0.174 0.173 -0.243 0.113

P value 0.102 0.104 0.021 0.302

N 90 90 90 90 85

Cadmium rho 0.174 1.000 0.290° 0.395" -0.106

Pvalue 0.102 0.006 0.000 0.334

N 90 90 90 90 85

Lead rho 0.173 0.290° 1.000 0.302" -0.052

Pvalue 0.104 0.006 0.004 0.640

N 90 90 90 90 85

Mercury  rho -0.243 0.395" 0.307° 1.000 -0.207

Pvalue 0.021 0.000 0.004 0.057

N 90 90 90 90 85

PFAS rho 0.113 -0.106 -0.052  -0.207 1.000
Pvalue 0.302 0.334 0.640 0.057

N 85 85 85 85 88
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Table S2.

Correlation within and between classes of pollutants in maternal blood and urine. PIPA Projé@0281Rio de

Janeiro/Brazil.

Arsenic Cadmium Lead Mercury PFAS Pyrethroid
Arsenic rho 1.000 0.205 0.215 0.381° 0.109 0.315
P value 0.049 0.038 .000 0.298 0.002
N 93 93 93 93 93 93
Cadmium rho 0.205 1.000 0.503" 0.289° 0.203 0.047
Pvalue 0.049 0.000 0.005 0.051 0.656
N 93 93 93 93 93 93
Lead rho 0.215 0.503° 1.000 0.560" -0.047 0.114
Pvalue 0.038 0.000 0.000 0.653 0.277
N 93 93 93 93 93 93
Mercury rho 0.381" 0.289° 0.560" 1.000 -0.006 0.254
P value 0.000 0.005 0.000 0.957 0.014
N 93 93 93 93 93 93
PFAS rho 0.109 0.203 -0.047 -0.006 1.000 -0.001
Pvalue 0.298 0.051 0.653 0.957 0.993
N 93 93 93 93 93 93
Pyrethroid rho 0.315 0.047 0.114 0.254 -0.001 1.000
P value 0.002 0.656 0.277 0.014 0.993
N 93 93 93 93 93 93
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Table S3.

Distribution of diversity metrics in infant meconium and fecal sampl#3A Project, 201i72018, Rio de

Janeiro/Brazil.

N min. mean Median (SD) max.
Shannon Index
meconium 94 0.21 2.73 2.71 (1.34) 6.40
feces 54 0.49 2.55 2.50 (0.82) 4.17
Phylogenetic
meconium 94 2.85 8.22 8.36(3.05) 19.29
feces 54 2.74 4.79 4.60 (0.91) 7.04
Pielou
Evenness
meconium 94 0.05 0.45 0.47 (0.18) 0.77
feces 54 0.12 0.48 0.49 (0.13) 0.69
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Fig. S1.

The meconium and fecal microbiome structures with increasing arsenic in maternal blood.
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axis) significantly associated with increasing arsenic in maternal blood by birth groups and breastfeedinggsia)uss(rg generalized linear
models (Maaslin) adjusted for confounding factors (see Methods).e&lbnium models were adjusted for delivery modsetion/vg), and/or
preterm delivery (yes/no), and/or maternal antibiotic exposure (yes/no). All fecal models were adjusted for age (weekanu/eaick28)
and/or infant diet (EBF, yes/no) and/or deliwenode (esection/vg). Arsenic unit is ug/L. EBF, exclusive breastfeeding; vg, vaginal delivery.

Taxa in bold indicate sustained alteration from mecessafthen t o f ec al
pollutant source.

Supplemental material supporting Fig. 1. The meconium and fecal microbiome structures with increasing arsenic in cord blood.

Supp. A) Shannon S Table B) Effect of umbilical cord

arsenicon meconium B-diversity by
preterm delivery status.

CS-preterm Full-term
! Model N=8 N=82
? : R2|  299% 0.48%
e Pr(>F) 0.067 0.858
H LA
; tulterr S Table E) Effect of umbilical cord arsenic on
; o fullterm developmental feces B-diversity by delivery mode
and BF status.
Vag CS | VAG-EBFy | CS-EBFy
N=15 N=34 N=7 N=11
R2 | 74.0% | 78.5% 93.9% 99.7%
Estimate Pr(>F) | 0.270 = 0.062 0.432 0.047

Supplemental material supporting Fig. S1. The meconium and fecal microbiome structures with increasing arsenic in azaternal bl

S Table B) Effect of maternal arsenic on
meconium B-diversity by preterm delivery
status.

CS-preterm Full-term
N=8 N=85
R2 30.3% 1.00%
Pr(>F) 0.053 0.491

S Table E) Effect of maternal arsenic on
developmental feces B-diversity by delivery mode
and BF status.

Vg | C-sec | EBFy-VAG = EBFy-CS ’
N=18 | N=34 N=7 N=11

R2 [ 70.1% | 78.5% | 94.0% 99.7% |
Pr(>F) | 0.095 | 0.067 | 0448 0.041 |
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Fig. S2.

The meconium and fecal microbiome structures with increasing cadmium in maternal blood.
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ellipses were calculated for delivery modeséxtion/vg) and the colors indicates EBF status-@BR/EBF);C and F) Shown is a heatmap of
the taxa (yaxis) significantly associated with increasing cadmium in cord blood by birth groups and breastfeeding axadysiging
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generalized linear models (Maaslin) adjusted for confounding factors (see Methods). All mermdeals were adjusted for delivery mode (c
section/vg), and/or preterm delivery (yes/no), and/or maternal antibiotic exposure (yes/no). All fecal models wereadgstédéeko,
week14 and week28) and/or infant diet (EBF, yes/no) and/or delivery maéet{on/vg). Cadmium unit is ug/L. EBF, exclusive breastfeeding;

vg, vaginal delivery. Taxa in bold indicate sustained alteration from meconium to fecal sampleseant that taxon was equally affected
regardless of the pollutant source.

Supplementamaterial supporting Fig. 2. The meconium and fecal microbiome structures with increasing cadmium in cord blood.

S Table B) Effect of umbilical cord cadmium

on meconium B-diversity by gestational age. S Fig. F) Fecal affected taxain
All CS-preterm Full- . C-Section CS-preterm Vg born

babies N=8 term : 2 S by > i
N=90 N=82 F 2 g 2 £

§ 2 g 8

R2 | 2.39% 16.3% 2.7% ¢ < g g

8 g 3

Pr(>F) | 0.037 0.355 0.031 £ off E 4 g4
% 3 2 £
o

s

S Table E) Effect of cord cadmium on developmental
fecal B-diversity by delivery mode and BF status.

Vg cs EBFy-CS = EBFn-VAG
N=15 N=34 N=11 N=8

R2 31.4% 3% 28.5% 41.5%
Pr(>F)  0.003 0.363 0.068 0.012
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i
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Supplemental material supporting F&. The meconium and fecal microbiome structures with increasing cadmium in mateoail

S Fig. E) Unweighted UniFrac S Fig. F) Fecal affected taxain

—_— . C-Section CS-preterm Vg born

* cs-preterm e

collinsella

Ruminococcaceae
Parabacteroides

Clostridium.sensustricto

PC2 8.53% explained variation

CS-preterm
R232.1%
~—Pr(>F) 0:066

Megasphaera
[
/
Erysipelatoclostridium
Veillonella
i

PC1: 1339% explained vanation

S Table C. Effect of maternal cadmium
on developmentalfecal unw-Unifracby
preterm delivery status.

CS-preterm | Fullterm
N=5 N=47
R2 32.1% 1.27%
Pr{>F) | 0.066 0.903

S Table D. Effect of maternal cadmium on
developmental fecal W-Unifrac by delivery mode
and BF status.

Vag C-sec EBFy- EBFn-VAG
N=18 | N=34 VAG N=11
N=7

R2| 17.52%  287% | 534% 24.14%
Pr(>F) 0.014 | 0.428 0.919 0.075
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Fig. S3.

The meconium and fecal microbiome structures with increasing mercury in maternal blood.
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Fig.S3.AandD)The point indicates the b estimate of maternal mereury

band represents the 90% CI and the thin 95%8@& ;E) Principal Coordinate Analysis (PCoA) using the weighted UniFrac distance metric, the
arrow indicates the effect of maternal mercury on the PcoA plot. In B, the ellipses were calculated for deligdsexitbn/vg) and, in E for
EBF status (yes/nof; and F) Shown is a heatmap of the taxaafyis) significantly associated with increasing mercury in maternal blood by
birth groups and breastfeeding statusfis) using generalized linear models (Magshdjusted for confounding factors (see Methods). All
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meconium models were adjusted for delivery modge(ion/vg), and/or preterm delivery (yes/no), and/or maternal antibiotic exposure
(yes/no). All fecal models were adjusted for age (week6, weelkddveek28) and/or infant diet (EBF, yes/no) and/or delivery mode (c
section/vg) and/or preterm delivery (yes/no). Mercury unit is (ug/L). Taxa in bold indicate sustained alteration frommmiectatal samples
andAmeans that taxon was equally affectedardless of the pollutant source.

Supplemental material supporting Fig. 3. The meconium and fecal microbiome structures with increasing mercury in cord blood.

S Table B. Effect of cord mercury on meconium

S A) phylogenetic diversit
)P yiog Y weighted-UniFrac by delivery mode.

Model All Vag C-sec
H N=90 N=35 N=55
——— =Os  all babie:
: o, R2 | 0.90% 8.48% 1.47%
o c-section borr Pr(>F) | 0.500 0.019 0.538
; > Cspreterm '
—— 4
H - S Table E. Effect of cord Hg on developmental
- T fecal unw-UniFrac by delivery mode and
preterm delivery status.
C-sec CS-Preterm
C-sec trend N=34 N=5
toward R2|  4.23% 30.59%
2 significance
Estimate Pr(>F) 0.061 0.022

Supplemental material supporting F&. The meconium and fecal microbiome structures witheiasing mercury in maternal blood.

S Table B. Effect of maternal mercury S Table E. Effect of maternal Hg on
onmeconium W-UniFrac by delivery developmental fecal w-UniFrac by
mode. breastfeeding status.
All Vag C-sec EBFyes EBFno
N=93 | N=38 | N=55 N=18 N=34
R2  0.38% | 9.93% | 1.17% R2 11.83% 2.08%

Pr(>F)  0.880 | 0.007 | 0.617 Pr|>F)‘ 0.007 0.662



Fig. $4.

The meconium and fecal microbiome structures with increasing lead in maternal blood.
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ead

band represents the 90% CI and the thin 95%@&;F) Shown is a heatmap of the taxaais) significantly associated with incesag lead in
maternal blood by birth groups and breastfeeding statagig) using generalized linear models (Maaslin) adjusted for confounding factors (see
Methods);E) Principal Coordinate Analysis (PCoA) using the unweighted UniFrac distance metraralv indicates the effect of maternal
lead on the PcoA plot. All meconium models were adjusted for delivery mesetjon/vg), and/or preterm delivery (yes/no), and/or maternal
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antibiotic exposure (yes/no). All fecal models were adjusted for age §yweekkl14 and week28) and/or infant diet (EBF, yes/no) and/or
delivery mode (esection/vg) and/or preterm delivery (yes/no). Lead unit is (ug/dL). EBF, exclusive breastfeeding; vg, vaginal delivert; NS, n
significant. Taxa in bold indicate sustained t®n from meconium to fecal samples axmeans that taxon was equally affected regardless of
the pollutant source.

Supplemental material supporting Fig. 4. The meconium and fecal microbiome structures with increasing lead in maternal blood.

S Table B. Effect of cord lead on meconium S Table B. Effect of cord lead on meconium
unweighted Unifrac by delivery mode. weighted unifrac by AT use.
All Vag C-sec All Yes No
N=90 N=38 N=55 N=90 N=9 N=81
R2 | 2.05% 1.73% 4.21% R2 | 1.13% 24.3% ‘ 0.76%
Pr(>F) 0.060 0.831 0.023 Pr(>F) 0.369 0.095 ‘ 0.684

Supplemetal material supporting Figg4. The meconium and fecal microbiome structures with increasing lead in maternal blood.

S Table E. Effect of maternal lead on fecal unweighted UniFrac
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Fig. S5.

The meconium and fecal microbiome structures with increasing PFAS in maternal blood.
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PFAS

band represents the 90% CI and the thin 95%8@&;E) Principal Coordinate Analysis (PCoA) using the unweighted UniFrac megiartbw

indicates the effect of maternal PFAS on the PcoA plot, the ellipses were calculated for preterm delivery Qyasth&);Shown is a heatmap

of the taxa (yaxis) significantly associated with increasing PFAS in maternal blood by birth groupseastfeeding status-@xis) using
generalized linear models (Maaslin) adjusted for confounding factors (see Methods). All meconium models were adjusted/foraitd (e
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section/vg), and/or preterm delivery (yes/no), and/or maternal antibiotic egggss/no). All fecal models were adjusted for age (week®,
week14 and week28) and/or infant diet (EBF, yes/no) and/or delivery maeet{on/vg) and/or preterm delivery (yes/no). PFAS unit is

(ng/mL). EBF, exclusive breastfeeding; vg, vaginal delivBl§; not significant. Taxa in bold indicate sustained alteration from meconium to
fecal samples anmeans that taxon was equally affected regardless of the pollutant source.

Supplemental material supporting Fig. 5. The meconium and fecal microbiome structures with increasing PFAS in cord blood.

S Fig. F.
S Table B. Effect of cord PFAS on meconium Bray-Curtis

distance. on 1 t00e2

All Vag C-sec CS- Full- s

N=88 N=36 | N=52 preterm term 3

N=7 N=81 .

R2 | 2.14% |599% |2.12% 8.80% 2.46% % {
Pr(>F) | 0.064 |0.059 |0.360 0.946 0.048 &

S Table E. Effect of cord PFAS on fecal
weighted-UniFrac by delivery mode and
breastfeeding status.

Vag C-sec | EBF yes | EBF no
N=16 N=34 N=19 N=34

R2| 2.10% | 7.62% | 103% | 6.21%
Pr(>F) | 0.847 | 0.041 | 0.023 0.084



Supplemental material supportifgy. S5. The meconium and fecal microbiome structures with increasing PFAS in materioal bloo
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S Table B. Effect of maternal PFAS on
meconium unweighted-uniFrac by
gestational duration.

All CS-preterm | Full-term

N=93 N=8 N=85

R2 | 1.07% 24.45% 1.11%
Pr(>F) ’ 0.365 0.055 0.421

S Table E. Effect of maternal PFAS on developmental
fecal unw-Unifrac by delivery mode and breastfeeding

status.
All Vag C-sec | EBF yes = EBF no
N=54 | N=19 | N=35 | N=19 N=34
1 2:1“" R2 | 371% | 532% | 4.09% | 6.98% | 4.56%
Pr(>F) | 0.002 | 0.465 | 0.061 | 0.204 | 0.037
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Supplemental material supportifg. 6.

The meconium and fecal microbiome structures with increasing PYR in maternal urine.
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S Table E. Effect of maternal pyrethroid
on developmental feces unweighted-
Unifrac by EBF status.

All EBF Yes EBF No

N=54 N=19 N=35

R2 | 1.62% @ 8.32% 2.51%
Pr(>F) | 0.659 | 0.047 0.674




Fig. S7.

The meconium and fecal microbiome structures with DDT in maternal blood.
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Supplemental material supporting F&y.. The meconium and fecal microbiome structures with increasing DDT in cord blood.
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5. O CONSUMO MATERNO DE ALIMENTOS DE ACORDO COM O GRAU DE
PROCESSAMENTO, DIVERSIDADE ALIMENTAR E A CONTRIBUICAO DE
FATORES SOCIODEMOGRAFICOS.

Este cap?tul o apresenta o artigo AFood cons
dietary diversity and socidemographic factoramong pregnant women in Rio de Janeiro,

Brazil: The Rio Birth Cohort Study of Environmental Exposure and Childhood Development

( PI PA pEsteprego foi)publicado no periodidtutrition and Healthem 2020.

Para citagdo: Naspolini NF, Machado PP, F&ssius CIR, Camara VM, Moreira JC,

Meyer A. Food consumption according to the degree of processing, dietary diversity and
sociademographic factors among pregnant women in Rio de Janeiro, Brazil: The Rio Birth
Cohort Study of Environmental Exposure and Childhood Development (PIPA projatt).
Health. 2021 Mar;27(1):788. doi: 10.1177/0260106020960881. Epub 2020 Oct 19. PMID:
33076740.
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Abstract

Background: Relevant evidence has addressad the negative impact of food processing on health. However, maternsl
ultra-processed food consumption is poorly investigated. Alm: To analyze food corsumption acearding vo the degree of
foad processing, dietary diversity, and associated socio-demographic factors during pregnancy. Methods: Cross-
sectional data was waken from a birth cohort in Rio de Janeiro, Brazil, with 142 pregnant women. Yye assessed diet
using a qualivative food frequency guestionnaire and elassified food items sccording vo the MOWVA clasificstion system as
non-ultra-procesed-foods and wlra-processed-fosds. Mon-ultra-processed-food and ulra-processed-food scores warea
calculaved, reflecting weekly inmke of more than one subgroup. Dietiry diversity of the non-ulra-processed-food dist
fraction was deseribed acearding o the Food and Agriculture Organization guidelines. The asseciation berween food
consurmption and socio-demagraphic facoors were investigated using logistic regression models. Resuls: Over 60% of the
pregnant women reported consumption of at least three non-ultra-processed-food groups. However, only 25% had
adequare dietary diversity. The level of education (Complere high school odds ratio, 5.36; 95% confidence interval, 1.73—
16.65) wias associped with regular intake of “meat and egge” Among the ultra-procesded-food seore, I7% of the par-
teipants described a weskly consumption of at least owa ulra-processed-food subgroups. VWhite women (odds ratie,
163, 95% confidence imterval, | 05—6.63) kad a higher chance of reporting “packaged ready meals” consumption.
Conclusions: This study shows a high weekly consumption of ultra-processed-food subgroups and low dietary diversicy
of the non-ultra-processed-food fraction of the diet of pregnant women in Brazil. Our resuls elucidave dhe influence of
socio-demographic characteristics on diet quality during pregnancy.
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Introduction

The hypothesis thar early nuirition is part of the program-
ming of obeaity and azsociated co-morbidities at later ages

is likely to be muoliifactorial. It has been demonstrated that
materal diet and lifestyle factors during the fietal period
and early life are related to long-lasting fefal programiming
and might affect the risk of non-communicable diseases in
adultbood (Ofha et al, 20013; Koleizko et al, 2002).
Moreover, the global prevalence of obesity in children and
adolesceniz has increased around 1005 in the last four
decades and has achieved about a 2000 rize in several
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low- and middle-income countries, including Brazil (MNCD-
RisC, 201 7).

Industrial food processing is now shaping global food
gysiems and 15 a key determinant of diet and healih (Baker
et al, 2020). A food classification system based on the
natare, extent, and purpose of food processing, named
NOVA, has been applied worldwide o understand the
impact of modern industrial food gystems on human health
(Monteiro et al., 2008). NOVA claszifies foods into four
groups: unpeocessed and minimally processed foods; pro-
cessed culinary ingrediems; processed foods; and oliea-
processed foods (UPF). The Brazilian Dietary Guidelines
recommend a healthy dier pattern based on a variety of
unprocessed and minimally processed foods, moestly from
planiz, and avoiding the consumpiion of UPFs (Brazil
Ministry of Health, 2004).

UPF are formulations manufaciured from cheap ingre-
dients that result from a sequence of indusirial processes
(hence “ultra-processed™). As well as high amounts of far,
sugar, and salt, the manufacture of UPF typically includes
indusirial ingredients, such as hydrogenated fat, modified
starches, protein izolates, and synthetic substances such as
additives {colors, flavors, artificial sweeteners, emulgifiers)
to provide sensory qualities of nataral foods or disguise
undesirable gualities in the final product (Monteiro en al.,
2019} The consumption of UPF has been associated with
overall mortality, overweight, obesity, cancer, cardio-
metabolic risks, type 2 diabetzs, cardiovascular diseases,
irritable bowel syndrome, and depression (Elizabeth et al.,
2020

In contrast, unprocessed or minimally processed foods,
such as rice, beans, fruits and legumes, meats, eggs, and
fish and culinary preparations made up of these foods can
provide puiritious, delicious, and culwrally appropriate
meals adequate for a healthy diet {Brazil Minisiry of
Health, 2004). Recent studies have highlighted the impor-
tance of dietary diversity on pregnancy and offspring out-
comes as maternal body mass index (BMI) (Komatoaski
and Comstock, 2018), birth weight, and preterm delivery
(Zerfu et al., 2006)

In Brazil, the caloric share of UPF significantly increased
in recent decades (Marting et al_, 2013), and these products
currently account for 20.4% of the total energy intake of
aduliz and adolescents (Louzada et al, 20017) Despite
growing literature linking the degree of food processing to
all forms of malouatrition ( Kelly and Jacoby, 2018; Monieino
et al., 2001 8) and the potential impact of the maternal diet on
offspring health (Ojha et al, 2003), there is & gap in the
literatuwre concerning the diet guality of pregnant women
comsidering the degree of industrial food proceszing. For
these reasons, this study aims to describe the food intake of
pregnant women who attended public  prematal care
according o the degree of food processing. A secondary aim
of the study was to describe the diversity of the diet. The
resulis will inform further studies with pregnant women and!
or their offspring, and in panicular analysis aiming bo
investigate the association between the maternal diet and the

infants" microbiome as part of the Rio Birth Cobort Sudy of
Environmental Exposure and Childhood Development
{FIPA project).

Methods

Study population and data collection

We used cross-sectiomnal data from the pilot study of the
FIPA Project conducted in a public Matemity School
located i the south area of Rio de Janeiro, Brazil, between
October 2017 and Awgust 2018, Briefly, a cohort of preg-
nant women {r = 142) during the third tnimester of preg-
nmancy were enrolled in a birth cohort study to investigate
the effects of environmental pollutanis on maternal-child
health | Asmus et al., 2020).

A broader questionnaire was degigned to collect data on
the prevalence and pattern of maternal environmental
pollutant exposure. 11 was applied by rained interviewers
and encompassed questions on demographic characteristics
{per-capita family income, ethnicity, age, and educational
attainment), diet, smoking and aleohol habits, drog con-
surmpiion, and plysical activity, among others.

Dietary assessment

Dictary assessment was based on a gualitative food fre-
quency guestionmaire (FFQ) structured on 79 specified
food items. It was designed o be a short survey of foods
commaonly consurmed in Brazl, such as rice, beans, meat,
fruits, vegetables, fich, reconstinuted meat products (eg.
sauzages, ham, meat pasie), fast food dishes, and frozen
ready meals For each food item, pasticipants were asked 1o
indicate their frequency of consumption by month (< 1, 2,
or 3 times), week (1-2, 34, 56, or 7 times) or day (1, 2, or
= 3 imes). Portion sizes and the number of servings con-
sumed wene nol assessed. Owt of the 142 pregnant women,
133 cohor participants completed the dietary assessment of
thi questbonaaire.

Description of variables and construction of food

groups and subgroups
First, we classified foods reported in the T9-item FFOQ)
according to the NOWVA food classification system into e
groupa: non-LUPF (including unprocessed or minimally pro-
cessed foods, processed culivary mgredients, and processed
fosds); and UPF. More mformation regarding the NMOWVA
systern can be found elsewhere (Monteiro et al, 2009).

Then, fieed items were divided into the following seven
subgroups: firuits and vegetables; rice and beans; meat and
eges; fish; sauzages and other reconstituted meat products;
fast fipod dishes; and packaged ready meals (Louzsda et al
2017). The first four groups were considered non-UPF and
the remainder of the subgroups UPF.

Food intake of these subgroups was categorized by
whether a food type was regularly consumed: at least five
times per week for “fruits and vegetables™ and “rice and
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beans;” at least three times per week for “meat and eggs ™
“fish”™ and “zapsages and other reconstinned meat
products;’ at least once per week for “fast food dizshes™ and
“packaged ready meals.” Different consumption fre-
quencies wene used for the food subgroups considering the
FAOWorld Health Organization and the Brazilian Minis-
try of Health recommendations on pregrancy healihy
dietary practices (FAOQ, 20010; Brazil Ministry of Health,
20i14; Brazil Ministry of Health, 2013).

Seores of non-LUPF and UPF were created to evaluate
regular weekly consumption of more than one of the growps
and subgroups. The non-UPF score was calculated based on
the regular weekly consumption of each of the four non-UPF
groups {“fruits and vegetables,"” “rce and beans,” “meat and
egga,” and “fish™). The total non-UPF score ranged from
04, with 0 representing non-consumption of non-UPF and 4
representing regular consumption of the four non-UPF. The
UPF score was caleulated based on the regular intake of each
of the three UPF subgroups (“sausages and other recon-
stifuted meat prodwcts,” “fast food dishes,” and “packaged
ready meals"). Total UPF score ranged from 0-3, with O
representing non-consumption of UPF and 3 representing
regular consumption of the three UPF subsroups weekly.
Further, the scores were categorized into regular weekly
consumption of teo or more subgroups (yes o).

Dietary diversity was deseribed based on the daily
consumption of 41 pon-UPF dems that were divided into
nine food groups according to the Women's Dietary
Diversity Score (nof specific for pregnant  women):
“eergals,” “white roots and tubers” “vegetables,” “fruits,”
“organ meat,” “meat and fish,” “eggs,” “legumes, nuts, and
seeds,” and “milk and milk products™ (FAQ, 2011).

Socio-demographic varables

The socie-demographic variables considered in this sdy
were: age group (1619 vears old {yo), 20-29 yo, 30+ yol;
ethnicity/skin color {non-white, white); per-capita family
income (low, RE25%.54, SD = 17959, middle, RER14.51,
SD = 162.55; high, 172511, 5D = &89.00; created by
dividing the total monthly household income by the nomber
of residents, with 1 US dollar nearly 1.39 Brazilian cur-
rency); education level {complete middle school: & years;
cotmpletz high school: 11 vears; complete higher education:
15 years, including postgraduate); parity (pumber of par-
turition, cominwous); amnd pre-gestational amd gestational
tobacco exposure (yesnol

Data analysis

First, the population was described by their socio-
demographic charscteristics and according to regular con-
sumpdion of dietary groups and subgroups. Crude and
multiple logistic regression models were carried owt 1o
investigate the association between consumption of non-
UPF and UPF {individually and ageregated in the scores)
with socio-demographic variables. All socio-demographic

i

Tahble |. Farticipant characteristics. FIPA, 2017 (n = 142).
Wariables n %
Age (years)

1619 12 E&

-9 R 515

= 30 54 3ER
Ethnicity

M or-whice 10B TE

White 34 219
Per-capita family income®

Lo 5 3B0

Middle 50 3ER

High I 233
Education®

Complete middle school 14 175

Complete high schoal EX| 679

Complete higher edumtion o 146
Parity

Primiparous 35 4001

Multsparous B2 559
PIPA, prajece: The Rio Birch Cobsorr Scudy of Evvirosenencal Exposene and
Childkond Develapment.

*Par capita housekabd incoere divided i ceniles. Mean (range )t first verdbe
flow] = RE2595Y (AR50 o RES00); second terdle (middie] = REE 1450
{RE53500 oo RS 1 D00.DOD); third nerole (high} — REIT2501 (AR5 101750 o
FE4000.00. | LS dollar corresponds to nearky | .39 Brazilan currency).
*Complete middie schoob 8 yesrs; complee high school: || years
comphete higher edecaton: 15 years induding poscgraduace.

variables were included in the adjusted model (age, ethni-
city/skin color, family income, edacation bevel, and parity).
Drietary diversity was described s a percentage of daily
consumplion of non-UPF according to the FAD guidelines
for dietary diversity assessment. All stafistical amalyses
were performed using State Soffware version 140 {Saia
Corp., College Swation, United States). The significance
level was set 1o p < 0L05,

Results

Particibant charocteristics

Table | shows the characteristics of the pamicipanis
Women were mostly 20 vo or older (89%), with mean age
of 28 vears (5D = 6.9y and non-white (765 ). About 175 of
the women had a low education level (complete middle
school), 68% completed high school, and 15% had a high
education level (complete higher education). Most of them
had low (38%) or middle (39%) per-capita family income
and almost 605 of the women were multiparous (Table 1)

Dietary habits
More than 805 of the pregnant women reporied regular

consumption of all the non-UPF groups, escept fish, in which
the intake was reported by only 10% of individuals. Con-
cerming the infake of UPF, most regular intakes came from
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Table . Cdds rato of regular consumgption of nonsultra-processed foods and socio-demographic varizbles among pregrant women
in Rio de Janeiro, Brazl PIPA 2007 (n = 133}

Mon-ultra-processed groups

Fruits and vegetables® Rice and beans®
Crude Adjusted* Crude Bdjusted®

Wariables M%) ©OR 9®i%Cl OR 9%5%Cl M (%) OR 95%Cl OR %% Cl
Age (years)

1&—1% ¥(r5) 100 Ref 100 Ref 10 (@83 1.00 Ref 1.oD Ref

10-2% SB(ryy 129 0.3-54 |20 02-72 &7 (7)) 213 D3-127 194 (6274

> 30 48 (B9) 147 O&-127 23%  D3-173 30073 250 04-155 486 06411
Ethnicity

Mon-whine a7 (El} 100 Ref 100 Ref 95 (88} 1.00 Ref 1.oD Ref

White B B2y 113 0431 073 02-2.1 24 19 05102 134 0348
Per-capita family income

Low 3BT 100 Ref 100 Ref 45 (37} .00 Ref 1.oD Ref

Middle 45 (90y L&D 0.E-EX 13& 0775 4 (97 1.2 0243 091 0241

High 26 (E7) 1BB 0566 |6l 0461 MP3) 1.4 0272 095 O0O.1-&0
Education

Compl middle school 20 B3y 10D Ref 100 Ref 3G 10D Ref 1.oD Ref

Compl high school TT(E3) 098 033 093 02-37 B4 040 0034 045 0019

Compl higher education IE{90) 180 0O3-110 L1 o922 WMo 1.0 Motale .00 Motalc
Parity

Primiparcuz 45 (E2) 100 Ref 100 Ref 5173 1.0 Ref 1.oD Ref

Multiparous &% (B4y I.JB 05230 0O9% 03-1% TP 0B4 02-30 O0Fl 0218
Total 115 (B1) 127 (89)

Meats and eggs™ Fish®
Crude Adjusted* Crude Bdjusted®

Wariable M{x) ©OR 95%Cl OR 9%5%Cl M (%) OR 9% ClI OR 95%Cl
Age (years)

16— 19 1 {Fz) 100 Ref 1.00 Ref 1 (8] 1.00 Ref .00 Ref

0 -129 &0 (B2 042 015 057 o-57 a1 135 oQI-11% L0 0339

> 30 45 (B3 045 0040 053 0057 5@ LI2 Ol-10é 100 Motalc
Ethnicity

Mon-whine B& (BDy 100 Ref 100 Ref Il 1.00 Ref 1.oD Ref

White D (EEy 192 QE—£0 134 0446 309 085 03233 O0OBFY 02-315
Per-capita family income

Low 41 (B4y 100 Ref 100 Ref T(l4 .00 Ref 1.oD Ref

Middle 42 (B4 102 0330 o7 03-32 204 035 0013 024 0012

High 26 BTy 127 0346 09I 02-37 413 052 0235 101 0243
Education

Compl middle school & (&7) 10D Ref 100 Ref (1% 10D Ref 1.oD Ref

Compl high school 828y 373 L3-10.7 538 1L7T-168 F(10p 075 0230 032 0.0-212

Compl higher education 1B {90y 450 08-244 504 ODB-3L& 2(lp 078 0.1-53 D& 0.]-53
Parity

Primiparcuz 48 (E7y 100 Ref 100 Ref 5@ 1.00 Ref 1.oD Ref

Multiparous &7 (B2) (&5 0.2-1.7 D83 03-16 a(lop 108 0335 0B 02-30
Total 116 (BZ) 14 {10}

PiP& projec, The Rio Birth Cohom Scudy of Esvironmencal Expesure amd Chil thood Deselopenens, OR: odds rado; Cl confidence inoerval; compl:,
camplene; ref: reference.

= & cimestweek

“2 1 vimesiwesk

*Adjusced to the remaining socic-demographic variables in dee mosdel.

"Significance lewel ser o p < 0.05
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fast food dishes (42%) and sausages and other reconstitoted
mear products (409, Regular consumption of packaged
ready meeals was reported by 200 of the women.

Table 2 shows the chance to consume sach non-UPF
subgroup regularly within socio-demographic variables.
Pregnant women with complete high school education
{odds ratie (OR), 3.36; 953% confidence interval (CI), 1.73—
16.65) were more likely to report regular intake of “meat
and eggs"” and the higher level of education (OR, 5.04; 95%
ClL, 0783263 yirended toward significance. Although not
significant, the chance to report regular intake of “rice and
beans™ and “fruits and vegetables™ was of great magnitude
among 304 yo women. Elevated ORs (= 1.60) were also
obgerved for “fruit and vegetable” consumption and
respondents with middle and high per-capita family
I M.

Begarding the regular intake of UPF subgroups, white
wormen (DR, 2.63; 93% C1, 1.05-6.63) reported a higher
chance of consuming “packaged ready meals”. Elevated,
bt not significant, associations were observed among
respondents with complete higher education and “sausage
and other reconstituted meat peoducts”  consumption
whereas the older women reported a lower chance of
consuming this subgroup and “packaged ready meals.” The
consumption of “packaged ready meals” decreased across
the increasing level of education. The older, less educated,
and primiparous reported a higher consumption of “fast
food dishes™ (Table 3).

Figure | shows the percentage of paricipants that scored
04 in the noa-UPF score and 0-3 in the UPF score. At
beast three non-UPF groups were regularly consumed by
61% of pregnant women and only 8% of pamicipants
reported regulardy consuming the fouwr non-UPF groups
investigated. Ower 279 of the women reported regular
consumption of two UPF subgroups and 33°%7 of at least one
UPF subgroup during pregmancy. Although the muli-
variate madels showed no significant differences, elevated
ORs (= 2.80) to achieve a higher non-UPF score wene
observed among women 30+ yo, who were white with
middle per-capita family income. Also, white and less
educated women were more likely to achieve a higher UPF
goore [ Table 4).

The diversity of the non-UPF fraction of the diet was
another focus of the study, showns in Table 5. Only 25% of
the participants reponted consumption of at least four dif-
ferent food groups of the FAD guidelines. These groups
were “starchy staples,” of which the consumption of rice
was peported by T of participants; “other fruits and
vegeiables,” of which onions (33%), bananas (43'%), and
oranges (2537 were moat frequently consumed; of “meat
and fish,” chicken was the most frequently consumed
(26% ), followed by lean beef (3% ). Few participants (2% )
reported the intake of fish and the last most consumed
group was “legumes, nuts, and seeds™ mainly represented
by beans 74%.

Dizcussion

This cross-sectional study of pregnant women assisted by
public healibeare in Brazil shows that only 8% of the
participants reported weekly consumption of all four non-
UPF-groups investigated during pregnancy. We found a
strong association of regular intake of “meat and eggs”
among respondents with high school education. Although
not gignificant, the non-UPF score presented a strong
association with older, white, and middle per-capita family
income women. Regarding UPF, the regular intake of
“packaged ready meals”™ was significantly higher among
white respondents. More than 40% of the women reported
regular consumption of “zausages and other reconstituted
meat products™ and “fast food dishes” and consumption
was higher among younger respondents, but not signifi-
cantly. The weekly consumpiion of all three UPF sub-
groups investigated was reported by 4%, of the women and
wias associated with white and less eduwcated women, but
ool significanily. Besides, only 23% of the participanis
repored a diverse diet.

In a previous study, with a sample population similar to
ours, the unprocessed or minimally processed food group
represented 499 of total energy intake of pregnant wormen
attending to public healthcare, but among UPF, the total
energy intake represented 41% and cannot be disregarded
(Alves-Santos et al., 2006). Gomes et al. {3019) described o
high content of energy (67%) provided by matemal con-
sumption of unprocessed or minimally processed food groups
and lower energy intake from UPF (24.6%). Comparisons
with our resulis should be made cautiously as we did not
assess the UPF consumpiion through 24 h recall.

The weekly intake of at leasi two UPF subgroups (28%)
and at least one UPF subgroup (33%) was most promingnt.
Considering  the questionnaire was mot  specifically
designed to classify food items according to the degree of
procesaing, it may lead fo onderestimation of UPF con-
sumption commonly consumed in Brazl, such as saly
anacks, sweet biscuits, confectionaries, and sugar-
sweetened beverages.

Interestingly, UPF consumption among pregnant Bra-
zilian women seems to be higher than that in Brazilian
addults and adolescents {Louzada et al., 2017). However, it
is bower compared to the results described in high-income
countries such as the United States (Rohatgi et al., 2007
The studies carried out in public health centers in Brazil
reported that the UPF subgroups most consumed by preg-
nant women were cookies and wlira-processed sweets
(2T, sugar-sweetened beverages (18.7%), and recon-
stituted meats {12.7%) in Botucam {Gomes et al, 3019);
and bread (9.9%), cakes, and cookies (3.6%), candies
(54%), and friedbaked salied pasiries (4.9%9) in Rio de
Jameiro (Alves-Santos et al., 2006).

We found a positive and statistically significant aszso-
ciation of “packaged ready meals™ with white women. It
can potentially be explained by the fact that, in Brazil,
ready meals are more expensive than meals prepared at
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Tabde 3. Odds ratg of regular comumpion of uraprocessed feods and socko-damaographss variabbe among pregnant womén n R de laneiro, Brasl PIPA, 2007 fn = | 34)

Uitra-processed subgproups
Saisage and other reconstitibed meat pro ducs® Fast food dishes™ Packaged ready meak”™

Crude Audjusted” Crude Adjusted” Crude Adijusted”
Variakle M (%) oR 95% €I OR a5% €l M%) OR 95%C1 OR®  95% CI M%) OR B5% OR* 5% €I
Age range
16-19 5 (42) 1.00 Pt 1.00 Ref 433 100 Ff 1.00 Ref 3 (25 1100 PRef 1.00 Ref
w19 31 [42) 1.03 0.30-3154 ara 0.18-339 M47 14 048430 2723 048-1043 1319 Q&5 Q15274 048 0.09-2.41
= 30 21 {39) 089 025318 042 0.13-288 W37 1.8 0Q31-44) 189 0FM-93I 1227 0Q8& 0W-34ET 043 0.12-3.34
Etheri citydshin color
[ it 41 (39) 1.0 [P 1100 Ref 45 (4% 1.00 R 1100 [1F3] 17 (1& 100 Ref 1100 Ref
‘Whibe |5 {44) 14 Q5 -3170 1L1& Q51— 364 I3(38) 0487 Q39-190 Q% aQ4i-200 013y 1567 (05— 621 14637 1.05 - 6.43

income

ey 16 {33) 1.04 Fed 1.0a Ref 20 {43 180 Aoed 100 Rad 2 {4 100 ed 1.00 Rel
Ml b 15 (50) 106 091 -4868 210 0F1-483 20 (4% 0% 043204 0% 044233 1020 QF7 Q30 1% 087 032 - 135
Hegh 12 {40 137 053- 353 LIF Q41 —330 1240 089 035-234 093 034285 6 (20 OFY QI5-233 0% 02 -315
Edu cation level
Compl. miéddba schood {29 1.0 Rad 100 Raf {44 1.00 Raf 100 Raf T2% .04 Raf 1.00 Raf
Compl. high school 40 (43 18y 049484 1l& O =715 404X 08 Q36-33) Q58 Q1% 140 18 (1% 058 Q31<141 048 Qls - 142
Compl. higher educasen 10 (50) .43 070- 84| 188 Q&7- 133 T35 O%4 QI9=305 Q¥ Q0% 155 3(15 Q43 Q0% 194 03 005 = 147
Parity
Primpancus 24 (4] 1.00 Rad 1.00 Raf 6 (47 1.00 Raf 1.00 Raf #(l&a 100 Raf 1.00 Raf
Mubugarous 313 (40) Q.47 043 1.74 121 (.55 3.68 (38 0568 0340135 Oed Q3% 141 192X 154 Q&4 371 |24 Q47= 1.3
Taotal 5T (dd) BT (4L) 28 (20)
FiFA Soudy. Birds Cobort Soedy of Erviroreneraall Expeo ware and Childhood Drevelopment B: odds ratio; CF corddence irerval; Compl.: complese.
20 ] nirrenteoneh
B0 | i e v

“Acdunged g0 the reraining iocio-demegraphic varnble in the mcdel
“Sigrificarce level pet o p < 0.05



Mospolini et ol

100

man-LUPF
(= "

Score
UPF?
(=T

=

20 L1E]

40
Percentage of individuals

&0

0

Figure 1. Percentage of pregrant women and weekly consumption of O-4 non-processed groups (non-LIPF Score] and of 0-3 ulera-
processed subgroups (UPF Score). PIPA, 2017 (M=133). (1) Compased of non-ultra-processed-subgroups “fruits and vegemables.”

“rice and bears,” “meat and eggs” and “fish.” (1) Composed of ultrasprocessed-subgroups “susages and other reconstrouted meat
products,” “fst food dishes™ and “padaged ready meals.”

Table 4. Odds ratio of dietary scores and socio-demographic varables among pregrant women in Rio de Janeiro, Brazil. FIFA, 2017

{n = 133
Dietary soores
non=-UPF score® UPF score™
Crude Bdjusted” Crude BAdjusted”

Variable M (%) OR 95X Cl OR 95% CI M(X) ©OR 9% Cl OR 95%Cl
Age (years)

16— 1% 11 (92) 1.00 Ref 1.00 Red 3I(25 100 Fied 1.00 Flef

0 - 29 & (30 o8& 0QI-77  Li14  02-2TE 26 (3E)  l.E6  O4-ET 113 D253

= 30 52 (98) Y36 D2-IB4 557 042456 16300 126 0353 O0F4 D24T
Ethnicity

Mon-white 6 [8F) 1.00 Ref 1.00 Red Y 10D Fied .00 Flef

White 3 410 05319 188 D03-2&2 I4(42) 1.¥4 0B8-39 |B4 0DBE42
Per-capita family income

L 43 (8E) 1.00 Ref .00 Red 18 (37  1.00 Fied 1.00 Flef

Middle 48 () 335 OD&-IT5 33 046184 1&(32) 0Bl 03-1% O0OBE 042

High 30 {100y - - - - (300 074 03-1% OBS 0314
Education

Compl. middle school 13 (98) 1.00 Ref 1.00 Red B(33) 100 Fied .00 Flef

Compl. high schaal B [92) 053 OLlI-46 063 01-59 34 105 0427 OFE D32

Compl. higher educatan 20 [10dy - - - - 525 047 03-X5 051 023
Pari

Frillr-'qﬂru.u 53 (98) 1.00 Ref 1.00 Red IT{31) 100 Fied .00 Flef

Multiparous 75 (90) o4 -z 035 -3 |34 116 0&24 121 0O5IE
Totl 129 [31) 45 [32)

PIPA praject, The Rio Bimh Cohore Soedy of Environmental Exposasre and Childhood Developenent; OR: odds racks; Cl: confidence inoerval; compl -

comphere; ref: referece.

*Regular conpumpaion of > | group weeky.
“Regular consumpoion of = | subgrouy weskly.
‘M|u:uﬂ 1o for che remaining soca-demagraphic sariables in the model

home (Claro et al., 2016), and non-white women are more

vilnerablz and spend more time in domestic work than men
and white women (IBGE, 2018). Addifionally, the regular
consumption of “ssusages and other reconstinged meat

produces™ showed a positive but not zignificant asseciation
with middle income and education in a dose-responss manner.
Oiher authors deseribed the consumption of UPF differently
aocording to socio-demographic status, younger women, with
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