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RESUMO

Este estudo realizou trés revisdes sistematicas independentes para avaliar os efeitos
da exposigao gestacional a chumbo (Pb), cafeina e triclosan (TCS) sobre desfechos
neurocomportamentais na infancia. As revisées foram conduzidas seguindo rigorosos
protocolos metodolégicos registrados no PROSPERO (CRD42022296750,
CRD42023421164, CRD42024526426). Para a analise do Pb, foram incluidos 21
estudos observacionais (16 coortes prospectivas, 2 caso-controle, 1 caso-controle
aninhado, 1 coorte e 1 longitudinal), identificados através de busca abrangente nas
bases MEDLINE, Cochrane Library, EMBASE, Scopus, Web of Science e LILACS.
Dois revisores independentes realizaram a selecido dos estudos, extragcao de dados e
avaliacdo de qualidade utilizando a ferramenta Downs & Black. A certeza das
evidéncias foi classificada como muito baixa pelo sistema GRADE, devido a
heterogeneidade dos estudos e limitagdes metodoldgicas. Os resultados indicaram
possiveis associacdes entre exposi¢cao ao Pb e déficits neurocomportamentais ou
abortos espontaneos, embora sem significancia estatistica consistente. Notavelmente,
nenhum estudo avaliou a associagcdo com mortalidade infantil. Para a cafeina, foram
incluidos 14 estudos observacionais com amostras variando de 173 a 64.189
gestantes. O consumo médio de cafeina durante a gestacao variou de 0 a 1000 mg/dia,
com picos no segundo trimestre. Sete estudos relataram associagdes positivas entre
exposicao pré-natal e transtornos neurocomportamentais, como TDAH e problemas
de comportamento, enquanto um estudo encontrou efeitos benéficos em habilidades
sociais e seis ndo detectaram associacgdes significativas. A avaliagao de risco de viés
utilizando a ferramenta ROBINS-I classificou a maioria dos estudos como tendo viés
moderado, e a certeza das evidéncias foi considerada muito baixa pelo sistema
GRADE. No caso do TCS, a revisado sistematica incluiu 14 estudos de coorte, com
tamanhos amostrais variando de 193 a 794 pares de méaes e criangas. As
concentragbes medianas de TCS durante a gestagao variaram de 0,40 a 28,2 ng/mL.
Quatro estudos sugeriram associagbes com problemas neurocomportamentais,
incluindo externalizacao, déficit de atencao e dificuldades de comunicacao, enquanto
oito estudos nao encontraram efeitos significativos. A avaliagdo metodologica revelou
limitacbes importantes na mensuragao da exposicdo e controle de fatores de
confusdo. Os resultados das trés revisbes sistematicas destacam desafios

metodoldgicos comuns, incluindo heterogeneidade nos desenhos dos estudos,



variabilidade na avaliacdo da exposigao e presenca de multiplos fatores de confuséo
nao controlados. Embora alguns estudos tenham sugerido associagdes potenciais, a
baixa certeza das evidéncias impede conclusdes definitivas sobre os efeitos dessas
exposi¢cdes. Os achados reforcam a necessidade de estudos prospectivos bem
desenhados, com tamanhos amostrais adequados, métodos padronizados para
avaliacao de exposicao e controle rigoroso de fatores de confusao. Além disso, futuras
pesquisas deveriam investigar os mecanismos bioldgicos subjacentes as potenciais
associacdes observadas. Estas revisdes contribuem para o campo da saude ambiental
perinatal ao sintetizar criticamente as evidéncias disponiveis e identificar lacunas
importantes no conhecimento, destacando a relevancia de politicas publicas

preventivas e monitoramento continuo dessas exposi¢des durante a gestacao.

Palavras-chave: chumbo; cafeina; triclosan; neurodesenvolvimento; gestagao;

revisao sistematica; exposi¢cao pré-natal.



ABSTRACT

This study conducted three independent systematic reviews to evaluate the effects of
gestational exposure to lead (Pb), caffeine, and triclosan (TCS) on neurobehavioral
outcomes. The reviews were performed following rigorous methodological protocols
registered in PROSPERO (CRD42022296750, CRD42023421164,
CRD42024526426). For the Pb analysis, 21 observational studies were included (16
prospective cohorts, 2 case-control, 1 nested case-control, 1 cohort, and 1
longitudinal), identified through comprehensive searches in MEDLINE, Cochrane
Library, EMBASE, Scopus, Web of Science, and LILACS databases. Two independent
reviewers performed study selection, data extraction, and quality assessment using
the Downs & Black tool. The certainty of evidence was classified as very low according
to the GRADE system, due to study heterogeneity and methodological limitations. The
results indicated potential associations between Pb exposure and neurobehavioral
deficits or spontaneous abortions, although without consistent statistical significance.
Notably, no study evaluated the association with infant mortality. For caffeine, 14
observational studies were included with sample sizes ranging from 173 to 64,189
pregnant women. The average caffeine consumption during pregnancy varied from 0
to 1000 mg/day, peaking in the second trimester. Seven studies reported positive
associations between prenatal exposure and neurobehavioral disorders, such as
ADHD and behavioral problems, while one study found beneficial effects on social
skills and six detected no significant associations. The risk of bias assessment using
the ROBINS-I tool classified most studies as having moderate bias, and the certainty
of evidence was considered very low according to GRADE. Regarding TCS, the
systematic review included 14 cohort studies with sample sizes ranging from 193 to
794 mother-child pairs. Median TCS concentrations during pregnancy varied from 0.40
to 28.2 ng/mL. Four studies suggested associations with neurobehavioral problems,
including externalizing behaviors, attention deficits, and communication difficulties,
while eight studies found no significant effects. Methodological evaluation revealed
important limitations in exposure measurement and control of confounding factors. The
results of the three systematic reviews highlight common methodological challenges,
including heterogeneity in study designs, variability in exposure assessment, and the
presence of multiple uncontrolled confounding factors. Although some studies

suggested potential associations, the low certainty of evidence precludes definitive



conclusions about the effects of these exposures. The findings underscore the need
for well- designed prospective studies with adequate sample sizes, standardized
exposure assessment methods, and rigorous control of confounders. Furthermore,
future research should investigate the biological mechanisms underlying the potential
associations observed. These reviews contribute to the field of perinatal environmental
health by critically synthesizing available evidence and identifying important knowledge
gaps, emphasizing the relevance of preventive public health policies and continuous

monitoring of these exposures during pregnancy.

Keywords: lead; caffeine; triclosan; neurodevelopment; pregnancy; systematic

review; prenatal exposure.
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1 INTRODUGAO GERAL

Triclosan, cafeina e chumbo sdo xenobidticos que tém gerado preocupagdes
significativas em relagdo ao seu impacto na saude humana, especialmente durante
periodos criticos, como a gestagdo. Esses compostos, comumente encontrados
emdiversos produtos de consumo e fontes ambientais, possuem diferentes vias de
exposicao e potenciais efeitos adversos no desenvolvimento fetal e infantil (Al-Saleh
et al., 2011; Dann; Hontela, 2011; Blanco-Castafieda et al., 2020).

O chumbo (Pb) é um metal pesado com efeitos toxicos bem documentados,
particularmente em fetos em desenvolvimento e criangas pequenas. A exposicao ao
chumbo pode ocorrer através de varias fontes, incluindo agua contaminada, solo,
poeira doméstica e certos produtos de consumo. A exposi¢cao ao chumbo durante a
gestacao é particularmente preocupante devido ao seu potencial para causar aborto
espontaneo, mortalidade infantil e déficits cognitivos. O chumbo pode atravessar a
barreira placentaria, afetando diretamente o desenvolvimento cerebral fetal levando a
problemas no neurodesenvolvimento e comportamentais a longo prazo (Olufemi et al.,
2022).

A cafeina é um estimulante do sistema nervoso central comumente consumido
através de café, cha, refrigerantes e varios medicamentos. Embora a ingestéao
moderada de cafeina seja geralmente considerada segura para a populagdo em
geral, seu consumo durante a gestagdo tem sido examinado devido aos possiveis
riscos ao desenvolvimento fetal. Estudos sugerem que a ingestao elevada de cafeina
durante a gravidez pode estar associada a desfechos adversos do
neurodesenvolvimento, incluindo baixo peso ao nascer, parto prematuro e atrasos no
desenvolvimento. Os mecanismos precisos pelos quais a cafeina afeta o
desenvolvimento fetal ainda estdo em investigagdo, destacando a necessidade de
mais pesquisas para estabelecer diretrizes claras para o consumo de cafeina durante
a gravidez (Maslova et al., 2010).

O triclosan (TCS) é um agente antimicrobiano amplamente utilizado em
diversos produtos domésticos e de cuidados pessoais, como sabonetes, pastas de
dente e cosméticos. Apesar de sua eficacia no controle do crescimento bacteriano, o
TCS tem sido associado a varios problemas de saude, incluindo a disrupcédo da
homeostase dos horménios tireoidianos, toxicidade no neurodesenvolvimento,

alteracao neurocomportamental, disfungao imunolégica e correlagdes com doencgas
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alérgicas e prognostico de cancer de mama. Além disso, o TCS interfere nas vias do
acido retinoico, na microbiota intestinal e nos mecanismos estrogénicos, levantando
preocupagdes sobre seu uso generalizado e seus potenciais efeitos a longo prazo na
saude humana (Dann; Hontela, 2011; Mustieles et al., 2023).

Em resumo, a presenca ubiqua de chumbo, cafeina e triclosan na vida cotidiana
e seus potenciais efeitos adversos no neurodesenvolvimento e na saude geral
ressaltam a importancia da avaliagdo cientifica rigorosa e da superviséo regulatéria.
Compreender os mecanismos e riscos associados a esses xenobidticos é crucial para
desenvolver politicas de saude publica eficazes e garantir a seguranga das
populagdes vulneraveis, especialmente de mulheres gestantes e seus descendentes

em desenvolvimento.
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2 REVISAO DE LITERATURA

2.1 Desenvolvimento do SNC e Xenobidticos

O desenvolvimento do sistema nervoso central (SNC) constitui um processo
dinamico e sequencial que se inicia nas primeiras semanas de gestagao e se prolonga
até a adolescéncia, com maior intensidade nos primeiros mil dias de vida (Stiles;
Jernigan, 2010). Este periodo de extraordinaria plasticidade neural envolve uma
cascata de eventos interdependentes, desde a proliferagao de precursores neurais na
zona ventricular até a complexa organizagao sinaptica cortical (Silbereis et al., 2016).
Durante a fase embrionaria (3-8 semanas), ocorre a neurogénese ativa e a migragao
neuronal guiada por fibras gliais radiais, estabelecendo as seis camadas corticais
fundamentais. O terceiro trimestre gestacional e os primeiros anos poés-natais sao
marcados por explosiva sinaptogénese, com formacéao de aproximadamente 40.000
novas conexdes sinapticas por segundo acompanhada por processos simultédneos de
mielinizagdo progressiva e poda sinaptica dependente de atividade. (Stiles; Jernigan,
2010),

Esta intrincada sequéncia desenvolvimental apresenta janelas criticas de
vulnerabilidade a agentes xenobidticos (Rice; Barone, 2000). No periodo embrionario,
a exposicao a neurotéxicos pode comprometer irreversivelmente a arquitetura basica
do SNC, enquanto na fase fetal predominam alteragdes funcionais sutis, porém
igualmente impactantes (Grandjean; Landrigan, 2014). A barreira hematoencefalica
imatura, apenas parcialmente formada até o terceiro trimestre permite maior
penetracdo de substancias neuroativas. (Stolp et al., 2013). Além disso, os sistemas
de detoxificacdo hepatica fetal apresentam atividade reduzida das enzimas do
citocromo P450 prolongando a meia-vida de compostos lipofilicos como o chumbo e
os disruptores enddcrinos. (Hines, 2008),

Estudos de neurobiologia do desenvolvimento demonstram que xenobidticos
podem interferir em multiplos processos celulares: (1) inibicdo da proliferagédo de
progenitores neurais através da disrupgdo do ciclo celular; (2) alteragdao dos
mecanismos de migracdo neuronal mediados por moléculas de adesédo; (3)
comprometimento da mielinizagdo por efeitos sobre oligodendrécitos imaturos; (4)
indugcdo de apoptose neuronal via ativagdo de caspases (Mason et al., 2014).

Particularmente preocupante € a capacidade de alguns metais pesados, como o
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chumbo, de mimetizar ions calcio, interferindo na sinalizagao intracelular essencial
para o desenvolvimento sinaptico (Mason et al., 2014).

A vulnerabilidade é ainda maior considerando a dindmica temporal especifica
de cada regido encefalica (Tau; Peterson, 2010). O hipocampo, crucial para
aprendizagem e memodria, apresenta prolongado periodo de desenvolvimento pds-
natal, mantendo-se suscetivel a interferéncias ambientais por anos apds o
nascimento. Em contraste, estruturas subcorticais como o talamo completam sua
organizagao majoritariamente durante a vida intrauterina. Estas diferengas regionais
explicam a variabilidade nos fenotipos neurocomportamentais observados apos
exposicoes pré-natais a xenobiodticos (Grandjean; Landrigan, 2014).

Evidéncias recentes destacam que os efeitos disruptivos podem manifestar-se
através de mecanismos epigenéticos com alteragdes persistentes nos padrdes de
metilacdo do DNA e modificagcbes de histonas em genes criticos para o
neurodesenvolvimento, como BDNF e RELN (Kundakovic; Jaric, 2017, Park, 2022).
Tais modificagdes podem perpetuar-se transgeracionalmente, segundo Bohacek e
Mansuy (2015), mesmo na auséncia de exposigao direta das geragdes subsequentes.
Esta perspectiva integrativa entre toxicologia e epigenética do desenvolvimento tem
redefinido nossa compreensao sobre como exposi¢cdes ambientais precoces podem
programar trajetérias neurocomportamentais ao longo da vida (Kundakovic; Jaric,
2017).

2.2 Chumbo (Pb) como Disruptor Neurocomportamental

O chumbo (Pb) configura-se como um dos neurotoxicos mais estudados e
preocupantes no contexto do desenvolvimento neurolégico infantil (Neal & Guilarte,
2015). Como metal pesado de ampla distribuigdo ambiental, sua exposi¢cao durante
os periodos criticos do desenvolvimento cerebral pode levar a alteracbes
neurocomportamentais persistentes e muitas vezes irreversiveis (Mason et al., 2014).
Estudos de Garcia-Leston et al. ( 2010) demonstram que o Pb atravessa faciimente
a barreira placentaria e a barreira hematoencefalica ainda imatura no feto,
acumulando-se preferencialmente no tecido nervoso em desenvolvimento. Os
mecanismos de neurotoxicidade do Pb sdo multifatoriais, envolvendo principalmente

a competicdo com ions calcio (Ca**), essenciais para a sinalizagdo neuronal a geragao
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de estresse oxidativo através da deplecao de glutationa - um importante antioxidante
celular - e a disrupgao da fungao mitocondrial em neurdnios e células gliais (Sanders
et al., 2009; Neal; Guilarte, 2015). Além disso, o Pb interfere significativamente nos
processos de mielinizagdao fundamentais para a transmissao eficiente dos impulsos
nervosos (Lidsky; Schneider, 2003),

As consequéncias dessa exposicdo sao bem documentadas na literatura
epidemiologica. Criangas expostas ao Pb apresentam, de forma dose-dependente,
reducao de 2 a 5 pontos de QI para cada 10 ug/dL de aumento nos niveis sanguineos
desse metal (Lanphear et al., 2005). Além dos prejuizos cognitivos globais, observa-
se maior incidéncia de transtorno de déficit de atencao/hiperatividade (TDAH) nessa
populacdo assim como déficits especificos em fungdes executivas e memoria de
trabalho (Cecil et al., 2008; Froehlich et al., 2009)

- habilidades fundamentais para o aprendizado e adaptacao social. Esses
efeitos parecem ser particularmente pronunciados quando a exposicao ocorre nos
primeiros anos de vida periodo de maxima plasticidade neural e vulnerabilidade a

agentes toxicos. (Rice; Barone, 2000).

2.3 Cafeina e Neurodesenvolvimento

A cafeina, um alcaloide pertencente a classe das xantinas, tem seu consumo
amplamente disseminado na populacao geral, incluindo mulheres em idade fértil e
gestantes (de Paula; Farah, 2019). Durante a gravidez, a cafeina atravessa livremente
a barreira placentaria expondo o feto a concentragdes semelhantes as maternas (Qian
et al., 2020). O metabolismo da cafeina no feto é particularmente lento devido a
imaturidade do sistema enzimatico hepatico, especialmente das enzimas do
citocromo P450 prolongando sua meia-vida e, consequentemente, seu tempo de acao
no organismo em desenvolvimento. (Hines, 2008),

Os efeitos da exposicao pré-natal a cafeina no neurodesenvolvimento tém sido
objeto de intenso debate cientifico. Estudos prospectivos de grande porte
identificaram associagdes entre o consumo materno de cafeina e alteragdes
comportamentais na prole, incluindo maior incidéncia de hiperatividade e déficits de
atencédo (James, 2021). Segundo Alhowail e Aldubayan (2020), os mecanismos

propostos para esses efeitos incluem a interferéncia da cafeina nos receptores de
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adenosina, que desempenham papel crucial na modulagao da atividade neuronal
durante o desenvolvimento cerebral. Além disso, a cafeina pode alterar os padrées de
sono fetal e o fluxo sanguineo uteroplacentario fatores indiretos que também
influenciam o desenvolvimento neural. (Christensen et al., 2021).

Contudo, é importante destacar que os achados cientificos sobre os efeitos da
cafeina ndo sdo unanimes. O estudo de Benglundh et al. (2021) ndo encontrou
associagdes clinicas significativas entre o consumo moderado de cafeina durante a
gestacédo e desfechos neurocomportamentais adversos em criangas de até 8 anos.
Essa divergéncia pode refletir diferengcas metodoldgicas entre os estudos, variagcoes
genéticas no metabolismo da cafeina entre as populagdes estudadas, ou a influéncia

de fatores de confusao ndo adequadamente controlados.

2.4 Triclosan e Desenvolvimento Neurologico

O triclosan, um agente antimicrobiano amplamente utilizado em produtos de
higiene pessoal e itens domésticos, tem emergido como uma preocupagao em saude
publica devido aos seus potenciais efeitos como disruptor enddcrino e neurotéxico
(Dann; Hontela, 2011). Estudos recentes demonstram que o triclosan pode atravessar
a barreira placentaria e ser detectado no sangue do corddao umbilical indicando que o
feto em desenvolvimento esta exposto a essa substancia (Pycke et al., 2014).

Os mecanismos pelos quais o triclosan pode interferir no desenvolvimento
neurolégico incluem sua agao como disruptor do eixo tireoidiano (Guilbert et al., 2021).
Os horménios tireoidianos sdo essenciais para a migragdao neuronal, mielinizagao e
sinaptogénese durante o desenvolvimento cerebral (Zoeller; Rovet, 2004). Ao interferir
com a sinalizagao desses hormoénios, o triclosan pode prejudicar esses processos
fundamentais. Além disso, evidéncias experimentais sugerem que o triclosan pode
alterar a expressao de genes envolvidos no desenvolvimento neuronal e promover
processos neuroinflamatoérios (Szychowski et al., 2016; Ling et al., 2020).

Estudos epidemioldgicos que investigaram a associagao entre a exposi¢ao pré-
natal ao ftriclosan e desfechos neurocomportamentais na infancia apresentam
resultados mistos. Alguns relataram associagbes com maior incidéncia de
comportamentos externalizantes e déficits de atencdo, enquanto outros néao

encontraram efeitos significativos (Philippat et al., 2017; Jackson-Browne et al., 2019).
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Essa inconsisténcia pode refletir diferengas nos niveis de exposi¢ao, janelas criticas
de vulnerabilidade ou interagbes com outros fatores ambientais. Apesar das
incertezas, a potencial neurotoxicidade do triclosan durante o desenvolvimento,
combinada com sua ampla utilizagdo em produtos de consumo, justifica a adogéo do
principio da precaugao e a realizacdo de mais pesquisas para elucidar seus efeitos a

longo prazo.
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Studies suggest that gestational exposure to lead (Ph) s relatsd to spontaneous aborticns, preterm binth, bower
indant birth welght and length, and pewrological dysfunctions. However, the evidence about its effects during
pregnancy exposure on fetal and child development is still poor. Thus, the aim of this systematic review was 1o
verify the association between prenatal exposure to Fb and the ocourrence of neurobehavioral deficits, mis-
carriages, and child mortality. Observational siudies with pregnant women exposed to Pb during pregnancy were
Inchaded, without gender or ethnickty restrictons. The MEDLINE, Cochrane Library, EMBASE, Scopus, Web of
Science, and LILACS dambases were searched. The reading of titles and absiracts was conducted, followed by
reading in full format and data extraction, that were performed independently by two reviewers. The included
siudies were evaluated by Downs and Black tool and gualitatively synthesized. Cenainty of evidence was
assessed by Grading of Reco dations A Development, and Evaluations (GRADE). The siudy
protocal was registered with the Prospective Registory of Systematic Reviews (PROSPERD; CRD402E296T50).
Among twenty-one studies inclsded, sixteen were dassified as prospective cohort, two case-control, one nested
case-conirod, one cohort, and one longinadinal shady. Mo study that evaluated child morality associated with
gestational P exposure was found. There is a very low cenainty of evidence in the assocladon of gestational P
exposure and neurchebanvdoral deficits or miscarmiages. This systematic review reflects the poor evidence and the
challenges of human tocicology stdies, since it was not possible 1o assoclate gestational Pb exposure o peu-
robehavioral deficits, miscarriages, and child mortality.

1. Iniroduction

deficits affecting the hipporampus and cerebellum systems. In cows, Pb

The exposure to xenobiotics, such as heavy metals, during gesta-
tiomal and perinatal periods is associated with implications for fetal and
child development. Studies show that exposare to heavy metals during a
critical period of development is related to spontaneous abortions,
preterm birth, lower infant birth weight, lemgth, and head circumfer-
ence, and meurological dysfunctions [1.Z]. Preclinical studies show
deleterinus effects of Ph. Rats exposed to Pb showed spatial bearning

contributes to induced infertlity, premature parturition, and abortion

Environmental contamination by lead (Fb) and its toxicity have been
widely recorded in recent decades [6). Pb is a whiquitons element
identified in organic/inorganic forms and iis exposure oocurs maindy by
ingestian of contaminated focd or water, and inhalation or skin contact
with enwironment pollmtion or soil [7]. Exposure to Pb is related 1o
meuralogical, hematological, amd remal toxic effects (5], Aboutr S00
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millicn children and young people aged 0-19 years ald worldwide have
blocd Pb levels at or above § ug/dL, an alarming concentration af the
metal in the body [9]. In 2021, the Centers for Disease Caontrol and
Prevention (CDC, United States), updated the blood Ph levels considered
acceptable to A5 pgdl; the previous recommendation were Ph levels af
5 ug/dl [10].

Hu et al, [11] demonstrated that moderately high levels of Pb (7.1
+ 5.1 pgadl) in maternal blood during the first trimester of pregnancy
indicated an adwerse effect on neurodevelopment, observed from worse
scores in the Mental Developmental Index (MIH) during the pastnatal
period [11]. Lamadrid-Figuerna et al. [1 2] ohseroed increased incidence
of miscarriage in wamen from Mexico City exposed to Pb during the first
trimester of pregnancy in which Pb bevels were 6.24 and 0014 pg/dL in
‘whole blood and plasma, respectively [12]. Several studies also showed
that prenatal and/or postnatal exposure to Pb disturbs cognitive devel-
opment in children [15.14]. A study showed that higher maternal blood
Fh lewels were associated to preterm birth; however, the authors did not
find association befween maternal or umbilical cord Pb bevels and
neurndevelopment deficits [15). Yorifugi et al. [16) ohserved that Phb
‘was associated to cognitive deficits when in the concamitant presence af
methylmerouary, while Inpuee et al. [17] did not fAnd associaton between
prenatal Pb exposare and neurodevelopmental delay in children up to 3
years obd [16,17].

Studies suggest that heawvy metals such a5 Ph, cadmiuwm, mercury,
and arsemic can interfere with pregnancy and contribute to child mar:
tality, a social indicator rate represented by the oumber of children who
died before reaching cne year af life for every thousand children bam
alive in the period of ane year [15,19]. Kaur et al. [2)] demonstrated
that the association of cadmium and Pb increased the risk of sponta:
ne=gus abartion due to envircomental toxicity, being cytogenetic,
immunological, and endocrinological factors [20). Pb can replace cal-
cium, zinc, and other divalent cations in physialogical cell processes,
interfering for example in tropboblasts, peripheral cells of the blastooyst
that attach the zygote to the uterine wall [21]. The decrease in calcium
uptake induced by Pb in the syncytiomophoblast, a primary structure
respansible for nutrient and gas exchange in the human placenta, beads
to greater fetal expasure to this metal in addition to decreasing placental
weight, contributing to spontaneous abontiom [20]. The period aof
gestaticnal expasure can exert some influsnce on the final result, in
addition to maternal exposure that may have occurred before preg:
nancy. Fb ran be mobilized from the mother io the fetus. An elevated

bane Ph level during pregnancy can bmd to more significant mobiliza-
ticn for the fetus compared to other mothers who were not expased

before pregnancy [22].

Although stadies have suggested the deleterious effects of prenatal
Ph exposare oo fetal and child health, the evidence is still poor. The
causality between exposure to heavy metals and newrodevelopment
disturbance, spontanecus abartion, or child mortality often cannot be
asumed. In this systematic rewview, we verify among tweniy-one
observational stadies the effects of Pb gestational exposure on sponta-
neous abartion, child mortality, and cognitive deficits.

2. Methods

This systematic review was performed based on observational
studies, acconding to the PRISMA 2020 Satement [235), being registered
in the PROSPERD platfiorm ander the number CRDM2022206750. The
question of the shady was “Does Pb exposure during a critical period of
human development lead to miscarriage, infant maortality, and kearning
disabilities?”. PRISMA was used for reporting this sysiemabic review.

21, Eligibility criteria

Observational stadies with pregnamt women exposed to Ph during
pregnancy were included. No resirictions on language, ethnicity, or
publication status were impossd. Stdies covering exposure exclusively

Reproduetive Temicolsgy 11T (MUER) 10542

in the pastnatal period, exposure to other beavy metals, and co-
association af heavy metals or pollutants were excluded.

22 [mformation sources

The databases selected for research were categorized a5 concepiual
and escential (MEDLIME, Cochrane Library, and EMBASE), specialized
and optioral (Scopus and Web of Science) and regional (LILACS). In
addition, a manual search was performed in the reference st of
incladed studies, expert consubtations and the gray literature (Biorxiv,
Capes and Medrxiv), The research was performed antil October 20212
Scopus and LILACS (09°28,/2021), MEDLINE, Web of Science, and
Cochrape Library (10/02/303 ) and Embase (10042021} (Supple

mentary maberial A).
2.3, Bemrch stravegy

The search strategy was planned to locate ohservational studies. The
study guesiion was designed according to the PECOS sirategy [24].
Farticipants (P): Pregnant wamen exposed to Pb; Expesure (El Gesta-
tional Pb expasure; Compariscn (C: Pregnant women oot exposed ta Pl
Outcomes (0): Miscarriage, child mortality and learning disabilities; and
Smadies (§) Ohservational studies. MesH, DeCS, and Emtree descriptors
were crossed with the Boolean operators “AND® (imter-categary) and
“OR” (intra-categony L

24, Selection process

The retrieved studies were exparted to the EndNote® {online
wersion ) and Rayyan® platforms [25], and duplicates were eliminated in
both software. The selection was conducted independently by two re-
searchers (ABS and LEWS) based an the eligibility criteria established
for the present systematic review. Initially the studies were selected by
reading tithe and abstract, followed by a full text read of those selected.
Dizagreements were resolved in consensus mestings with a thind
researcher. The agreement between researchers was analyzed by a
Kappa coeffictent using GraphPad QuickCales (Graphpad, San Diego,
CA), in which a resalt abowe 0.60 was considered accepeable.

25, Data collaction proces
Two reviewers performed data extraction af the incloded studies

independently. Data exiraction provided the following information: i)
General characteristics of the studies included: title, auwthor, year,

20

country, number of participanes, stady design, followup/svaloation
time; i) Imbervention characteristics Pb exposure indicator and index;
and iii) Outcomes induded: miscarriage, child mortality and/or learning
disabilities. The outcome assessment irstrument and the authors” com-
chusions were also collected with the respective results. The collected
information was compared between investigators and dissgreements
were settled by consensus with a third imvestigator.

2t Sy risk off bis ssecoment

The methodobogical quality of the studies was assessed ming the
Downs and Black [26] scale by two reviewers independently [ 26]). The
scale includes 27 questions that assess internal and external validity,
reporting patberns. [tems can receive a scare of O or 1, with exceptions
for questions & and 27. This assessment indicated the quality of each
study [I7 28], Scores for each study can be seem in Supplementary
material B,

2.7 Synrhesis methods

A qualitative synthesis of the data was performed, presenting their
information in tables in a namative way. The results were summarized
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comsidering the methodological quality and the conclusions observed in
each study. The methodaological quality classification was ranked from

Rrproductive Temicolegy 107 {2053} 100542

mu'ulllg,r.ls-m outrame was found. The chamcteristics of each of the

H'E&lhmmgmlmﬂlhlqm]llrmﬂmdqmlh}rm
Foir: 15-1% Poor: < 15 [27,20]. Duc o the h of the

are pr d in the Tables | and %, which were divided
lmmﬂludjhnﬂ:erupndn!u:mmzmnm;nl&urdaﬂdhu

included studies, no meta-analysis was performed.

28, Certoimiy assessment

The lke=vel af evidence of the data was assessed by GRADE using
GRADEpro saftwars [29]. Bach outcome considersd in this study was
evaluated.

4. Resulss
2.1, Smudy selection

Fram the searches performed in the databases, 6540 registered ar-
ticles wene retrieved, the elimination of duplicates allowed a final result
of 5238 gudies. Through screening and eligibility, the sslection process
retrieved 33 studies, which were read in full. Twenty studies were
excluded after the full reading (Supplementary Material B). The thirteen
remaining studies met the inclusion criteria and were included in this
twenty-noe studies were included in the systematic review, as shown in
the: PRISMA flow diagram (Fig. 1). Agreement amang researchers were
comsidered acceptable (Kappa = 0.665)

2.3, Sondy chamcteristics

The included studies evaluated nearocognitive deficits or sponta:
neous abortion as outromes. Moo study with the inclusion oriterda
blished in the | ic review that evaluated child

Risirks iherdifad o from

Putstiad |n = 2300, Coolhing
Ligrary in = 350, EMBASE in = A fmoreed ke
3, i = T7RA), Web of o seseening:
Seience 0= 1847), ULACE in = CuspEale: reansss s
o in = LHE|

Matabases |n < B

}

¥

published between 1986 and 2013, sixteen studies wene classified as
prospective cohort, twe case-control, one nested case-control, ooe
cohort, and one longitudinal. Mest publications come from the United
States (nine studies), the remaining are divided into: Yugeslavia (three
studies), Mexico (three sudies), Australia (two stodies), Ialy (ooe
study], China (one study], Iran (one study) and Turkey (one stady)

Far the neamcognitive deficit owtcome (Table 1), the sample size
among pregoant women ranged from 146 to 1502, and among children
ranged from 146 toe 2657, Ten studies did not repart the sample value for
pregnant women. The pericd of exposure evaluation varied between day
10-96 months. Related to the sxposure smmple indicator, nine shadies
msed B in umbilical cord blood (11,530,532, 55 57 -41]; three stodies used
teeth Phlevelds [ 22, 21,40]; twao studies used capillary blood [50.53]; and
mine studies wsed wenows blood samples [21,32-39.41), In terms of
serum levels of Pb in the umbilical cord, values ranged from 6.5
+ 1.8 pg/dl 1o 22 4 ug/dl at birth. Pb in venoes blood ranged from 6.4
= 4.1-39.9 yg/dl. Pb in dentin ranged from 2.8 + 1.7-3.4 £ 2.4 pg/g-
Fb in capillary blood ranged from 1.8 ug/dL to 17.5 £ 1.5 ugadL.

Helated to the spontansous abortion oatcome (Table Z), the number
of participants (wamen) was from 40 o 2067, Study participants were
21 weeds pregmant or less. All stodies evaluated serum Fbe One study
evaluated the plasma Bh level [12]; ooe evaluted Bb in the umbilical
cord [44); ome evaloabed [4%]; and ooe
study evaluated the levels of homocysteine [45]. The blood walue of Pb
levels among pregnamt women mnged from 11003 ugedh do
2217 ugsdl. The Pb level i the plasma average was 0.014
+ (L0113 pgrdl. The umbilical cord Fb level was 6.2 + 0022-10.1
= 019 pgrdl.

iderried bom:
‘Wnisaies |BEFIXN 0= 0;
CAPES noz O Madrer n = 0
Citaton saarchag in = 7}
Cerall apaadakk n = 1)
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|r = 236 in = 57|
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Fig. 1. Prefened Beporting [tems for Systematic Reviews and Meta-Analyses (FRISMA) fow diagram [23]
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Tabde 1
General charscteriaics of siudies Included that presented seurccognitive deficits as an oulcomes (0 - 130
Author, Vear,  Ssady dedgm iz ol pectinpans. fameae wamsle Expmum inde
Comaniry [wormsm. children]
Time of cxposoes
valation {monthsh
[ 50, LA Pruspactive MR 24 Urnbsilical cord hiood Ph el Unbilical-roed blood: B8 = 1.2 pg/dl
runurt shady 24 mmontiy (permatal ) Copillary- bicod Canpillary-bilood Ph livels ot bird: Low = L6 = {U6; Medion = 6.5 £ 0%
{prosintal High = 146 £ 20 & monihe: Low = 4.6 = 50; Midien = 7.0 = 78;
High = 7.0+ 8.7 / 12 monibe: Low = 5.8 =+ 51; Modien = 85 = Th;
High = &6+ 64 / 18 monthe: Low = &7 = 55; Midien -85+ 58;
High = 7.6+ 58 / 24 monthe: Low = 5.4 = 48; Midien = 7.2 2 50
High = 77 £ HS
[31), LSA Pruspective MR180 Bl Ph kevels (vemons: Hosd) Edned Plat 5T monthe 6.4 + 4.1 gedls sootke 28 = 17 gy
ruburt study 57 manth futh Ph breels
[52), Lika Prospective MR2EET Urmbilical cood bicod Fh lrvekitooth,. Blood: 608 = 50 mgy' dl; moth: 3.4 + 24 gy
euburrt shady % manthn [Pl vl
[51), Amstralin  Prospective SR Verous biood (mothers smd Wenn oo (Blatemmalle 9.1 + 1.5 pg oAl Ursbilical cond &1 = 1.8 g
ruburt study b—43 montgs childern - & montha); ooed blood di; Capllesy blocd (636 month ) & momthe 15.0 = L6 ugadl; 12 monthe
ichaldhrom-af birsh)) LP.L = L4 il 18 semihe 175 £ LS pp/dl, 34 mimihic 166
Copillary bood (children s menibs -+ 14 ggidL, 30 monthe 16,9 + 1.5 gl 36 menths: 15.7 = 1.4 ppodl
all sl and - & months half Vs bl (children) (12498 montha) 12 monghe: 132 = LS uysdls U
sl memthic 135+ 1.5 i 2 memithe 142 + 15 pgdl; 36 monshe: 1180
+ 14 pgdLs 42 monthe 10.7 + 1.5 gridl: 46 menths: 1001 = 1.4 ppdl
[34], LA Pruspective HRES? Elood Fh kvels Li 1} il k8.3 + 17 ppdls necastal § + 54 peidl; 3-12 monthe 1006
rutut shady Day 10 - 46 monthe* s from childen (possssal) + 5.0 gLy 1524 monthe: 170 = B pg/dls 3756 monthe 163
e e S — Y + 7.7 ppdls S040 montha: 1405 7.2 gl
Blond sumplion (heel or Snger stick])
[, LISA Pruspective MRS Fepurtd in early study 5160 month 118 £ 6.5 pydl
cubrrt study ik manghs
[3a), LS Progeective NS Fepuried in eardy shedss ER
ruirt stdy & mongh
[57), LA Pruspective MRS Ve biood (child baarsd Elnod: M | at delivery = &5 £ 1.8 pg/dL; children- & months
[ [ — card s b and blod b = LIS + %9 ppdl; 2 prars = 16.74 £ 6.5 pyadls § yoers = L6SA
irasfernal hioed) + 5.9 ppodL  Ueshilieal cord = 5,00 + 211 prrdl
[ 3], LIS Pruspective AR242 Vermn biood {childern) wnbdesd Freratal P28 - Mawmat 65 = 16 pg/dl, cond: 569 = 200 pgedl
cubrrt stdy 5 manghs cord P bevedi and blood Pb Freschool Phb - 6 monthe 900 + 232 el 38 monthe: 167 £ 685 g
irasfermnal hioed) dL 36 monthe 167 = 601 pg/dl
[, Pruspective 1502706 Veros blood, cord binod sad hleod KR
l ruurt shady b rmanity rh
[11], Mezicn Prospective 146146 Umbilical cord hlood, bioed P Bsternalk Firt irimesier = P.0 £ 8.1 ppidl; Second = 61 £33 p gadl;
ruurt shdy 12 el 224 ity lirvels sendl plarat Third = 6.9 + 4.2 pyrdl; Delivery = 7.3 £ 4.5 g/l / Childrem: Urshilieal
cord = &2 + 19 ppdl; 12 moaths = 523 = 34 pyrdl; 34 months = 4.8
+ 4.7 prdl; Mlasmse Pirt trimester: (U008 = 0014 pgdl, Second
Erimeestur: QU014 + 0011 pgedl, Third irimester: QU006 + (L0204 py/dl
[, LA Pruspective AR Elood Ph bnvels; mmbilical cord Ph Umiilical cord = &8 pg/dl; Tooth = 3.5 iy
ruburt shudy 71 manits lrerls Inoth M livels
[41L Pruspective i S erion bikeed (prmstal and. Childrn ai bizth in the exprn] fowm: 24 gl S 4 peanice 00 gl
¥ ogoalave et shdy 36 mud 46 mmib postnaial], Umbdicsd cord, Blood P Childem st besth in B ursepossd ez 54 grdl 7 o 4 years old

= 06 gl

Exposare [ndex refers 1o the Ph levels found in diffesent tssues and time periods; NR: not reponed.
“Blood Pb wes measured o the modher at ber flese prenatal visit, aed in the seonate a0 10 days corrected for gestational age.

2.3, Mewrncognitive deficit

Iable 3 shows neurocognitive defictt reporied i thirteen incheded
studies. The outromes evaluated according to the reseanchers were:
development alteraticns (thres studies), children bebavior (six studies),
cogpitive function (sx stdies), nearobehavioml development {one
study), perceptual function (one study), intellechaal fumction (one
study), and motor asesment (ooe study)l The assessment of the
oubrome was made using specific scales for the children's age. Bayley
Scale: 1-42 months; McCarthy scales 2.5 9.5 years; Kanfman: 2.5-125
years; Wechsler: 3-7 years. Bellinger et al., [32] and Leviton et al., [40]
peerformed a specific form for the teacher to assess the child's behavioml
prafile.

The Bayley Scale was used in four studies: two studies did not report
the values found [11,34]; in the other two studies [30057), the MDD
found at six months of age in the high cord-blood Fb group were an
average 106.1 = 11.1 and 112.1 + 18.6, suggesting a possible decline in
performance. The MoCarthy scale was used in four sudies two studies
did not repart the values found [3%,41 ]; one stady repornted the General
Cognitrve Index (GC1) ai 11.5 = 14.5, in which the poor performance an

the MoCarthy scale at 57 montts was related to high Pb levels at 24
months [21]; the other study reported 107.3 = 14.2 ar 48 months,
withoui assoriaiion with cognitive decline [25]. Kanfman was ussd in
two studies Mental Process Composite (MPC) values found were 80.3
+ 10.4 [24] and 8F.2 =+ 10.7 [35] and higher prenatal Pb exposure was
not associabed with developmental cognitive deficit. The Wechsler scale
was used in thres sudies ane sudy did ot report the unad;justed valoes
associated to Pb levels [59]; in the other two studies the Intelligence
Quotient (1Q) scale found was 869 =113 and 875 = 166, not
demansirating prenatal association with Pb and cogritive decline |56,
3E]. Two studies used the Child Behavior Profile Teacher Bepart Form:
the first study demonstrated an average of behavioral problems of 47.5
+49.5, in which the cord blood Pb level was not associated with
behavioral problems [32]; the sscond shady bad a result of 61.4 and 46.3
in the Child Behavior Checklist (CBCL 2/3) in two towns, respectively,
and the blood Pb measured was associated to poor performance in test
[39]). Ome study used the Boston teacher questonnaire with the
behavioral values index at 9 5% for boys and 4% for girs, both genders
showed development deficits associated with Pb levels in the umbilical
comd [40]. One study used the Kent Infant Development Scale - modified

22
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Tabde 2
General charseteriaies of sudiss ineluded thar § d spontaneois sbortion as an oo (n = S}
uith, Vaks, Sty eilge [T - b, et
Comnitry participmiz
{women|
| 2], Mexien M came (73 Blood Ph breeli - mairmal Bleszdt: 11,03 gl
conibrol sbudy
L&), Turkey - oniral L li] Blond Ph brenka S = 168 py dl; combend = 217 pradl
abady
[ 12], Mexiin Prpcitive cohest 200 Blod Ph bresls Al womss: Blood = .24 £ 4.5 g dl; Phiooma = 00004 £ L3 gL/ Nol
atuaky rscwrrisges Blood = B4 + 405 pgrdl; P = 00003 + 0.00% predl 0
Miscrersges: Blood = 5.8 + 241 prodl; Plases = 00005 = 0014 ggdl
[#4), Anstralia  Prospecthwochost 8310 Bloud Ph breelc umbibeal  Blood < 14 wiska PP = VLA £ 024 pgodl; WP = 0T 20080 gl 14-30
sty e P kvl e PP = T0LE & OLUF gl NPP = 6 o 010 gL -2 ek 1P = 100
+ 0EE pgodl; MPP = D0+ 18 ppadly 3036 wedee PP o= D0F 009 predl;
NP = T.6 £ 021 el Delivery: PP = 112 £ 002 peods KPP = 75 2 0505 v
d Umshilical cord: PP = 100 £ 009 pgddl; NPP = 6.2 = 002 gg/dl
[#5), Pecspectivecohost 653 Blond Ph kreelic Esprsed fwm = 16 pg /ol nef exposed own = 5.3 gg/dl
Yogealave atuaky erythrocyte
pEuoporpiyTin
[#5), Ealy Cohost afuly R Blod Ph bresls 15 gl
[ 7], zan Lempgstradivm| 351 Blond Ph kreehi Mormal pregraney = 383 + 100 ppdl; sponismios abortion = 181 = 142 pgs
sty dL
[ 2], Chima Cass- sonbral L) Blod Ph breeks smd Pl Cis = 5.3 pgdL (5.2-5.% pgedLl; Contral = 4.5 ppsdl (.7-5 pgadl) /
sty homeoysivine s Hesnocysismas Cames = 36225 prdl (255328 e /dl; Conirob = 23605 ppidl

(L6028, 3 pgdL)

Exposare [mdex refers 1o the Pb levels foused in different tssues and time period.

NE: nat reponad; PP Pt Pirle [2ity]; NPP: nan-Poet Pirie.

(KID¥ with a value found at six months of 111.7 + 138, that was not
consistent with the hypothesis of an adverse effect of Pb exposure [37].
One study used the Stanford-Binet Intelligence Scale (SB) in 3-year-old
children, with a mean valus of 897 = 15.5, not associated to prenatal
Fh exposure [17]. Two studies used the Home Observation for Mea
surement of the Environment (HOME) asseszed at 4 years with mean
valuesof 2806 + 7.8 [41] and 45.5 + 5.4 [23]. The bowest score reported
by Wasserman et al. [41] was described 2= an association with cognitive
descline, unlike Cooney et al. [275] who did not show this association. In
geoeral, ten studies demonstrated neurocognitive disorders associated
with gestational Pb exposure while three studies show no association.

3.4, Spontoreous abortion

Iable 4 showws sponfaneous abortion reported in the sight incheded
studies. The autcomes evaluated accarding to the imvestigators were:
miscarriage (s=ven studies), ansmbryonic pregeancy (ane study), sarly
fetal death (ooe study), premature delivery (oae study), late fetal death
(ome sudy), and comgenital anomalies (one stady). Considering all
studies, the mizcarriage rate ranged betwesn 2.97% and 16.4%. OF the

eight studies evaluated, three showed an association betwesn gesta-
tional Pl exposure and abortion [12,42,48] and fve faled to show an
association betwesn gestational Pb exposure and spoatanesus abortian
([43-45]; Paredes: [46, 471

To assess the oomarrence of spontaneous abortion, siv of the sght
studies used percentage indices: Borja-Aburto et al [42] found a risk
rate of miscarriage of 6.4%:; Lamadrid-Figueroa et al. [12] found a mean
of miscarrizges of 0L42 {range (-4); McMichael et al. [44] presented that
23 of 774 pregnancies had miscarriage (2.97%); Murphy et al. [45]
comparsd the rate of miscarriage, fnding 16, 4% in Pb exposed pregnant
women and 14% pased pregnant ; Paredes Alpaca etal. [44]
showed that the miscarriage rate was 5.2%; and Vigeh et al. [47]
demonstrated that the miscarmage rabe was 4.5%. Faikoghu et al. [43]
evaluated the distribution of serum kevels of Fb in the comtral and
abarted groups and found mo significant correlation between pregnant
women who hawe been exposed to Pb and posed pregoant 3
¥in et al [44] demonstrated the mean value af the level of Pb, folate,
vitamin B1Z, and bhomocysieine between anembryonic and normal
pregnancies. The authors suggest that Fis exposare may increass the risk
of anembrycmic pregrancies since the mean Pb levels were higher in

anembryonic pregnancies than in the conirol group (5.3 versus
A% pgdLl.

A5, Risk of bins in sdies

The analysis of the methodological quality of the included stodies
shows that two studies are of excellent methodological quality, abiain.
ing a score greater than 26 paoints, fifteen had good quality, three had
fair quality and cne bad poor quality (Tabie 5 Supplementary mazerial
). Inclugon/exclugon criteria differed between gudies. Amoog the
studies that reparted neurocognitive deficits, gestational age was re-
pocted as an sxclusion criterion for twelve stadies and birth weight as an
inclussan criterion reparted by four stodies. According to the World
Health Organizaticn (WHO) preterm infants are born at less than 37
weeks pestational age and low birth weight infants are barn with a birth
weight below 2.5 kg of gestational age, which leads to consequences in
child development [49.50]. Amaong the six studies that reponted
miscarriage, 3 pregoancy bass ke than the 20th week was considered 2
abortion. This range is defined as predictor of miscarrage for several
studies [51,52].

26, Certainty of evidemce

Both outcomes evaluated in this systematic review had averall cer-
tainty of the evidence classified as very bow (Sepplementany material Die

4. Discussion

This systematic review showed poor evidence on the effects of
gestatianal exposure to Pb on neurncognitive deficies and miscarriage,
and the absence of evidence oo child mortality. The conclusions of the
included studies were divergent for both meurccognitive disorders and
miscarriage, and in addition, the quality of evidence was very low. Na
studies were found on the effects of gestational exposure to Pb oa child
mortality.

HRegarding studies that evahmated neurocognitive disorders, the dif.
ference in conclusions can be partially explained due to methodobogical
variations, age af the cognitive function tests, the number of partici-
pants, and the statistical modeling techniques. The ok of sandardi-
zation of matemnal blood collection performed dn the first/second
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WE: mot pepoartend; MIHE Mien tal developmend bnde; GO General cognichee index;, MPC: Meotal proses com posine; SEQ: Segeential processing seale; SIME Simultansous
processing seale; NONVE: Morwverhal scale; ACHIV: Achlevement seale; 1 Inrelligenss Quatiens, HOME: Home Observarion for Measurement of the Envinoasment,
MSCA: MeCarthy Seales of Childnen's Ablites, PDL Peyehamoon Indess KID: Kene Infant Development Seale.

trimester by Dietrich et al. |

34-34] or at delivery as performed by

Cooney et al. [ 53], can interfere and affect the results and conclusions af
the siudies. Plasma Pb concentration has been suggesied as the toxico-
lagically active fracticn af Pb in blood that would be able to cross the
placental barrier [52]; however, most stadies did not differentiate be-
tween Pb in blood and plasma. Another factor that contributes to
inconclusive results i that Pb ran be maobilized from the bone of the
mother to the fetus, but the knowledge of whether the maobilization

would be greater in the frst, second ar thind trimester of pregnancy is

moé consolidated [11).

The studies included in this review evaluated children under nine
years af age expased to Pb during the gestatianal pericd. Intellectual and
cognitive tesis are routinely given to children in clinical settings as part
of their general peychological ass=ssment. The scales wsed to measure
the cognitive index vaned accarding to the age of the study population.
Prospective studies comducted by Bellinger et al. [20,21], Dietrich et al.
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(35,36, Prohart o al. [37,%8)], FactarLitvak et al. [239], Huetal. [11],
Lewiton et al. [40] and Wassermam #t al. [41] found evidence that pre-
natal Pb exposure was associated with cognitive development deficits.
Belkinger et al. [3)] discussed the difficulty of distinguishing the nen.
rodevelopmental impacts of prenatal from postnatal Pb exposuare in an
epidemialogical sthady. The authors evaluated three groups according to
the Pb levels in the umbidlical cord and observed an inverse correlation
between Ph levels and srore on cogritive tests. Even the lowest levels of
Ph were associated with worsening of cognitive function in children
evaluated from 6 o 24 moaths, a critical period of development [11,20].
Bellinger et al. [32], showed a modest association between dentin Pk
lewels and bebavioral changes, but did not perform adjustment mea-
sures, which may have compromised the resalt, as the interpretation

thait reflects the outeome may be ancertain and,‘or speculative; another
guestian is that this value af Pbin teeth is more sensitive to the postmatal
period, not being the focus of our evaluation.

The Pb levels in the umbilical cord seem to be related to the MIDI test
scores, Bellinger et al. [20], Emhart et al. [37), and Hu et al. [11] ab-
tained wmbilical cord Fb levels of &.6 pg/dL (3.4-9.8), 599 ug/dL
(3.9-8.1), and 6.2 ygsdl (2.3-10.1), respectively; amd the MIN test
scores at 24 months were similar: 11909 =+ 14.4 (BSID-D), 1008 = 17.5
(BSI0-0), and 91.5 = 116 (BSID-O), respectively. P& rex-Ldpez ot al
[54] compared the descriptive data of the means and standard de-
viations obtained with each scale and subscale between these tao
Bayley tests, reaching the conclusion that the orginal version aver-
estimates the abiliies of fullterm and presterm newborn children,

Tablde 5
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compared to the outcome they would abtain using a more recent versian
of these srales. The use of assessment instruments mare sensitive o the
processes af change and development af chil dren is suggested [54).

Wassermam et al. [41] observed that cord levels greater than 10 pg
had deleterious effects at 36 and 48 manths. Erohart et al. [33) and
Dietrich et al. [25] evaluated children of 58 and &0 months of age. The
hypothesis evaluated by Ernhart et al. [25] that low level Pb expasare in
fetal and early preschool years affects intelligence made from the
gestaticnal and postnatal analysis was not supported after adjusting for
sex, race, birth arder, birth weight, gestational age in birth, parental
education, matemal vocabulary, maternal anthoritarianism, maternal
akohol use, maternal use of alcohal in pregnancy, matermal use of to-
bacco in pregnancy, matersal use of marijuan in pregrancy, maternal
use af other illicit drugs, quality of bome envirooment, medical prob-
lems, and psychiosocial problems. Dietrich et al. [25] observed a smilar
outcome, however only postnatally, and when adjusted for the effect of
cognitive decline, was not significant.

Lewviton et al. [40] evalusted prematal exposure to Pb in the umbilical
cord and postratally in dentin and found that levels below 15 ug/dL in
the cord ar ¥ months were able to affect brain function, inchading
reduced imtelligence, behavioral problems, and school performance. The
authors used the Boston Teacher Questionnaire to measare the cutcome
at the age described, which is able to assess cognitive and perceptual
function, but depends oo the teacher's perception af the child. This is
unlike the Wechsler Scale, which is used not anly as an intelligence test,
but also asa clinical test. Dietrich et al. [ 26 ] and Factor-Litvak et al, [59]
observed that the blood Phb levels, used to azssess gestational exposure,
were predictors af 1) deficit at older ages sach as 78 and 90 mooths.
Factor:Litvak et al. [29] reported that increasing serum Ph from 10 pg to
20 pg can reduce cognitive test scores during the postoatal period.

The shadies conducted by Boga-Abare et al  [42],
Lamadrid-Figueroa & al. [12], and Yin et al. [48] showed a possible
relationship between Fb exposure and spontaneous abortion. All these
studies evaluated pregnant women during the first trimiester. Another
paint that makes the commection between abortion and Pb difficult in
thes= studies is to have full methodological certainty that other metals
such as nickel and cadmium cannot be interfering with female repro-
ductive health [55]. Lamadrid-Figueroa et al [12] evaluated abortion
bamed oo the history of previous pregnancies. Howeer, it is important to
nate that the time between the Pb measurement and the outcome: make
it difficult to establish a cawmsal asociation. During the third trimester
occur fastest fetal growth and the greatest mobiliztion of Pb from
maternal bone with consequent increase of the serum Fb bevels [560].
Since fetuses are directly exposed to the maternal Pb faction via um-
bilical cord transfer, higher exposure to Pb during the third inimester

may coincide with adverse effects an fetal development [57]. The study
by Yinetal [45] also showed an association between exposurs to Pb and
the occurrence of miscarriage and had as ewclusion criteria pregnant
‘women who used mineral supplements. Deficiency of calcium, as well as
iman and zinc, can increass the retention of ingested Pb by increasing s
gastrointestinal absarption [SE].

The results collected from Vigeh et al. [47), Paredes Alpaca et al
(a6], MchMichael et al. [44), and Faikoghu et al. [43] showed that theres
was no increased risk of miscarriage with a gestational age of less than
20 weeks, with Pb concentrations ranging from 1008 to 2.1 ug/dl for
the abarticn and nom-abortion groups. Lamichbane et al. [59] suggest
that gestational Pb expomare effects are related to GETM1AGSTTL
palymorphism, which interferes with the kevels of Glutathione S-trams-
ferames ((GST) that is invalved in the detoxification process. Prenatal Pb
expasure may comtribate to lower birth weight and bead croumference
in boys of GSTM1 null mothers [55].

This systematic review has limitations since the incduded studies
showed high heterogeneity. Purthermore, we found a wery low quality of
evidence synthesis, which thwarts adequate conclusiors about the ef-
ferts of gestational Pb exposure.
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5. Conclusions

In humans, toxicological studies represent a challenge, as several
uncomtrolled factars may imterfere with the results, such as co-exposure
to different beavy metals and other xenobiotics, in addition to scio-
economic and environmental conditions. Sciemtific evidence on the
impact of gestabional exposure to Pb is impartant to prioritce future
public bealth policies. The presemt study shaws that the evidence an the
effects af gestational exposure to Pb on child deselopment is inconchu-
sive, and more taxicobogical studies are needed.
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1. Introduction

Studies bave ssggested assoclatbons between gestational exposure to caffeine and adverse outcomes, however the
evidence is still imited. Therefore, a systematic review was condwucted to investigate the assodation between
prenatal caffelne exposure and meurcbehawioral disorders. The MEDLINE (PubMed), EMBASE, Scopus, Web of
Science, and LILACS databases were searched. Observational smdies involving women with dorumented caffeine
consumpoon during pregoancy were eligible for inchesion. The outcomes evaluated weere behavioral and incel-
leciual development, Aiteniion Deficlt Hyperactivity Disonder, and related behaviars. The data were analyzed by
qualitative synthesis. The ROBINS-I tool was emploved oo assess the risk of bias, and the cerminty of evidence
was evaluated using GRADE (PROSPERD: CRDE2023421164). The ssarch yielded foureen stedies chat met the
Inchexion /exclusion criteria. The sample size among pregnant women ranged from 173 to &4,18%9, and among
children ranged from 88 1o 49,190, Maternal caffeine consumption during pregnancy mnged from O to 1000 mg”
day, with the highest levels ohserved during mid-pregnancy. Seven stsdies indicarsd a potential association
between prenatal caffeine exposure and newrobehavioral /‘meurndevelopment deficits, one study showed that
prenatal caffeine exposure improved peer problems, and six studies did pot show a significant effect of prematal
raffeine consumption on neurobebavioral disorders. The inclsded smdies were cascified ax moderate for the risk
af bias and with very low certainry of evidence. Thus, the evidence is insufficient o confirm with certainty that
the prenatal caffeine sxposare leads to neurohehavioral disorders. Shasdies heterogendrity, as well as their vari-
able qualtty and the presence of several comfounding faciors, generate uncertainiy.

by issuing a waming that advised pregoant women to limit or
completely avoid its consumption [3].

Prenatal caffeine consumption has been a subject of growing interest
and concern due (o it potential impact on nearodevelopment. Caffedne,
chemically known as 1,3, 7 -trimethylxanthine, is an organic heterocyclic
compound baserd on the purine base xanthine. [t is a psychoactive sub-
stance commonly consumesd and found in varioos sources of food and
beverage, such a5 coffee, tea, chocolate, and energy drinks [1,2]. In
1980, the United States Food and Drug Administration (FDA) respansded
1o research indicating teratogenic effects induced by caffeine in rodents

Although organizations such as the Food Standards Agency (FSA)
amnl The American College of Obstetricians and Gynecologists (AC0G)
deem a daily caffeine intake of up to 200 mg safe for pregnant women, a
unanimous safe threshold for matemal caffeine consumpiion during
pregoancy is lacking [4-6]. Galéra &t al., [7] found that children born o
mathers who comsumed > 300 mg/day of caffeine during pregmancy
exhibited an increased probability of presenting borderline or lower
intelligence  gquotient (1)) levels compared to those consuming
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100 mg/day, with decresed scores on cognitive Wechsler Preschoal
tests in children at age five. These fndings were supported by Zhang
et al, [8], who showed that higher maternal caffeine comsumption of
two or more cups (> 200 mg) was significantly associated with an
incressed risk of displaying oppasitional defiant behaviors, accompa-
nied by a higher total score for externalizing problems, « d to the
absence of caffeine exposiare.

In contrast, other studies have found no significant associations be-
tween prenatal caffeine consumption and neurobehavioral disorders ar
soxcial behavior, even at similar doses of caffeine. Loomans &t al., [9] did
not identify any effects of intrauterine exposure to caffeine ranging from
86 o 425 mgiday on problem behavior in school-aged children (5
years) The authors used the Strengths and Difficulties Questionnaire
(SD0Q), a psychosorial assesment instrument developed to identify
strengths and behavioral difficulties in children and adolescents, Mivake
et al, [10] found that increased maternal caffeine intake during preg-
maney, particularly from Japanese and Chiness tea consumplion, was
linked to a decreased probability of peer probl in Jag chibdy

The absence of agr 7 fies and the challenge in
establishing a safe limit for caffeine intake during pregnancy highlight
the impartance of evaluating the avadlable evidenoe in this feld. The
aim of this systematic review of observational studies was to verify the
camal amsociation between prepatal caffeine exposure and neuro-
behavioral disorders such as neuromotor development, 1, attention-
deficit byperactivity disorder (ADHD), and related behaviors,

2. Methods

This systematic review was performed based on observational
studies, according to the PRISMA 2020 Statement [11], being registersd
in the PROSPERO platform under the number CRD42023421164. The
question of the study was “Does caffeine comsumption during the
gestational period lead o neurobehavioral disorders?”.

2.1. Eligibility criteria

Observational studies involving women with docaomented caffeine
consumption tracking method (selfreported, serum metabolite con-
centration or others) during pregrancy were included in this review,
without imitations on Language, ethnicity, date, or publication status,
Stilies meeting the following criteria were excluded from the analysis:
1} Kature of the exposure and the conclusions were not focused on
caffeine, 2) Mot the outcome of interest, and ) studies available only in
summary format or lacking detadbed data. Studies that focused solely on
postnatal cafeine consumption or that examined caffeine consumption
in the context of aother substances without adjusting for confounding
variables were exchaded from the analysis.

22 Informumtion sources

The databases selected for research were calegorized as conceptual
and essential (MEDLINE and EMBASE), specialized and optional (Scopus
and Web of Science), and regiomal (LILACS) A mamual search was
performed in the reference list of included studies, and expent consul-
tations were conducted through email and ResearchGate to gather
additional relevant information. Additionally, the gray literature wat
explored, including preprint servers such as Biorxiv and Medrxiv, as well
as CAPES, to ensure comprehensive coverage of available research. The
research wias conducted in Apeil 2023 (Supplementary material AL

2.3, Search strategy

The seanch strategy was planned to locate oheervational studies. The
study guestion was designed according to the PECOS strategy [12].
Participants (Pl Women with documented caffeine consumption during
pregnancy; Expasure (E): Prenatal caffeine exposure; Comparison (C):

Repradducrive Toriosdygy 125 (024} 8563

Women who abstain from caffeine consumption during pregnancy;
Outcame (0): Neurobehavioral disorders; and Studies (S} Observational
studies. MesH, DeCS, and Emtres descriptors were crossed with the
Baoolean operstors “AND” (inter-category] and “0R” (intra-cstegary],
according to the specificity of each databage selected for the search.

2.4, Sefection process

The retrieved studies were exparted to the EndNoteE (online
version] and RayyanE platforms [15], and duplicates were eliminated in
bath software. The selection was conducted independently by two re-
serchers [ABS and LEWS) in Rayyan based on the eligibility criteria
established for the present systematic review. Initially the studies were
selected by reading title and abstract, folkewed by a full text resd of
those gelected. Disagreements were resolverd in consensus meetings with
a third researcher. The agreement between researchers was amalyzed by
a Kappa coefficient using GraphPad QuickCales [Graphpad, San Diéega,
CA), in which & result above 0,60 was considersd acceptable.

2.5, Dam collecion process

Two reviewers performed data extraction of the included studies
independently. Data extraction provided the following information: i)
General characteristics of the studies includex): author, year and country,
study design, study database, recruitment period/location, and number
of participants; ii) Exposure characteritics: Exposure and interview
period, caffeine corsumption tracking method, caffeine sources, amount
of caffeine/Source, caffeine intake, and experimental groups; and i)
Outrome characteristics: outcomes evaluated, period of svaluation, in-
struments used and their scores, main resulis, and conclusions. The
collecter] information was compared bebween investigators and dis-
agreements were seftbed by consensus with a third investigator.

2.6, Snudy risk of bins asessment

The asiessment of study bias was conducted uking the ROBINS-L
[Risk Of Bias In Non-randomiized Studies of Intéerventions) assessment
ool [14]. The ROBIMS-1 tool consists of specific questions, which are
divided among seven main domains, and can be used to assess the risk of
bias in observational studies. According o the signaling gquestions for
each domain, studies will receive categorical responses that can vary
between KA (Mor Applicable) ¥ (Yes) / PY (Probably Yes) / PN
(Probably Na) / N (No) / NI (No Information) following the respanse
aptions, along with a risk of bias judgement for the end of each section
[15,16].

2.7, Bynthesis methods

A qualitative synthesi of the data was performed, presenting their
information in tables in a marrative way. The results wers summarized
considering the risk of bias and the conclusions observed in each study.
The performance of quantitative symthesis (meta-amalysis) was contin-
gent upon the presence of methodolog geEneity z the
studies, considering study type, exposure characteristics, and clinical
outcomes obtained.

2.8, Certointy assessment

The bevel of evidence of the data was asgesied by GRADE (Grading of

Rect dations A t, Develop and Evaluations) using
GRADEpro software [17]. The analysis was carried out for the outcome
behavioral disorders.
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3. Resulis
A.1. Shudy selection

From the searches performed in the databases, 2873 registered ar-
ticles were retrieved, the elimination of duplicates allowed a final result
of 2538 studies. Through screening, the selection process retrieved 20
studies, which were read in full. Eight were excluded after the full
reading. The twelve remaining studies met the inchesion criteria and
were included in this review. Two studies were incloded through
manual search. Therefore, fourtesn studies were incheded, as shown in
Supplementary  Material €. Agreement among nresearchers  wers
considered acceptable (Kappa = (L629).

3.Z Shuly charocterishics

The included studies were published between 1984 and 3021 ; thir-
teen were classified as cobort studies, and one case-control. The year of
recruitment ranged from 1959 to 2015, Most publications come from the
United States (five studies), with the remaining divided amomg:
Denmark (two studies], Morway (fwo studies), Brazil, England, France,
Japan, and the Netherbands. The ple size % preg
ranged from 173 o 64,189, and among children ramged from 88 to
49.190. The 14 included studies that met the inclusion and exclusion

criteria used the following data reservoirs: Adolescent Brain and

Reprodducrive Torivedogy 125 (HI24) MESAT

Cognitive Development Study (ABCDY) [8,9,18]; Father and Child Cohaort
Study (MoBa) and the Medical Birth Regisiry of Norway (MBRN) [19,
20]; Seattle Longitudinal Study on Alcohol and Pregnancy [21]; Aarbuos
Birth Cohort [22]; EDEN (Etude des Détermd- nonts pré- et posenatals
precoces die developpement et de Io smaré de ['Enfanr) [7]; Danish National
Birth Cobort (DMBC) [23]; Pelotas (Brazil) Birth Cobort Study [24];
Eyushu Okinawa Maternal and Child Health Study (KOMCHS) [10];
Eady Autism Risk Longitudinal Investigation (EARLI) [25]; Health
Outcames and M es of the Envi (HOME]} Study [25]; and
Longitudinal study on prenatal exposure fo an environmental toxin,
palychlorimated biphenyls (PCBs) [26]. The case-control study was
conducted as part of the Collaborative Perinatal Project at multiple sites
across the United States [27] (Table 1).

8.5, Dietary caffeine consumption

Table 2 shows the characteristics of the caffeine consumption in the
included studies. The period of cuffedine consumption evaluated varied
across Studies: before pregnancy [21]; early pregnancy - in the firss
weeks [25], from the ffth week [10], and not accurate data [18.21];
mid-pregnancy - between the 15th and 22nd weeks of gestation [9,
19-25,25]; late pregnancy - between the 30th and 40th week of gesta-
tiom [7, 100181523 25]; or post-pregnancy period - afler delivery [24,
26] or one month later [25]. Two studies did not repart the spedific
timing of caffeine exposure or matermal inberviews [8,27].

30

Table 1
Characteristics of the inclsded stdies (n= 14).
A, Yiar Staly design Spaly databuse Reeruitment pesiod /¢ Location Mustbes oo participants
Country [womtes ¢ ehildren)
[darnbwen @ al., Cobaset study Longinudisal sudy on presatal — NR 173 /173
1084, USK exgiie: 10 an envirsnmental
Beein PCBs
[Barretal 1991},  Cobeer sy Seanle Lengindinal Snidy en 1974-1975 / Twwn Searde health eree Gt 1520 / 500
USk Alcshal and Pregsaney
[Linnereral 2009),  Prospective cohor Asshus Birth Cihast 1990-1998 / Asshiss Usivessity Hopiral 24068 / 58
Denmazk stadly
[Bckdhiss et al., Pringeeetive lcia and MERN 10902008 / BR 2343 /3543
2010), Moeway pupulirion-biced
eola e SLdy
[Lotmtiss i &l Costminily based ABCTNE 00200/ KR EIOD /3430
2002], cobao sty
HNethertands
[Mlebanoll & Keis,  Case contsol udy Collaberative Perinasal Projeet 10591965  welve academie sedical cesters in the United Stases 2199 £ 2097
2011 5), England
(DedPadarte # al., okt SRV Pelotis Birth Cahion Shady MHM-2005 /B hidpitali & the dry of Pelstag S485. /2485
206), Beazdl
[Gabéra e al., IR E——) EDEN 200E- 2005  Departent of Clsaetsics asd Gynoealisgy in Two 1083 / 1083
201 6], Franee cobaor study French usivorsity hispitals (Mascy asd Poitiers)
[Mikelsen e al., Cbaset sty DB 1096-2002 ¢ NR AT491 ¢ 47401
2017), Denmirk
[yl et &, Cobaset study KOMCHS F007-2008 433 alstetrie hospitals in seven prods on 1099/ 1e
204), Japan Eyitidem bland i southirn Japan
[Berglunds et al, Prgeeti Blickia and MERS 10992008 / BR 64189 ¢ 1581940190
2021), Morway pupulirion-bicod
ool Sy
[(hsistmsem eral,  Cobeet sy ABCIH froen the KD Upos complerisg 9 o 10 years / Theosgh school asd commusity MR / 9157
2021}, USA sellings
[Paimi enal. 20210, Cobaer sy EARLE HOME EARL: 20003012 / fiouir ites in the US: Peaneylvania (Dresel/ EARLEL3) ¢ 121k
Usk Chilidren’s Hospital of Philadelphia), Marylasd (Johns Hoplirs  HOME: 269 / 350
Hienmedy Ksicger lnstitune), asd Nonkers Califorsa [UC Davis and
Nenhers Cailfsenis Kaiser .
HIOME: berwees 2003 and 2006 / sise presatal dinies affilisned
wiith threr delivesy hispitals & the greater Cinsinnati, Ohin
Cbaset sty ABCINE NR /22 sites devoss the Usited Stanes TH TR

[Phang et al,, BO2T),
usA

ABCI: Adolescent Brain and Cognitive Development; H0: Diet history questdonnaire; DNBC: Danish National Binth Cohor; EARLL Early Autism Risk Longitudinal
Investigation; EDEN: Ensde des Determinants pré- et postnatals précoces du developpement i de la santé de FEnfant; FEQ: Food Frequency Questionnaine; HOME:

Health Outrames and M

af the

ROBMCHS: Kyusho Okinawa Maternal and Child Healih Smdy; MBRN: Medical binth regisiry of Norway; MaoBa:

Morweglan Mother, Father and Child Cohoo Study; NDA: Nadonal Instinte of Mental Health Da@ Archive; KR not reported; FCBs: polychlornated biphenyls; QFy:
quantiry-frequency-variability.
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Table 2
Characterisiics of the caffeine corsumpiion in the inclided studies.
Astheor, Year,  Expocuce period) Calfidse eomumption  Calliise sourees Astount of callvise per Caffiine inade (mg/  Expesimental
Cirifey Intervi pegiod Irseckisg inettiod sirarei dayl Eroags (N}
Mian = Sl
[dacnbicn Befone asal durisy Sell-separed Calliee, 1, e cola Cup o oollioe b oqeivadent 1 Bafoe peig Four grougs:
e1al, 1984),  peegnancy [retnos pertividy Aol 225 ml - 66 mg 10LNZ (NRE During 0 sl (MRD:
USA Post pregmancy (2-3  pasearal reports abow e - 66 g perealated  pregmancy: 121,84 30168 sy,
days altir diliviry)  Ioequency) ~74 s, drip or Elier [MRL A [NE);
~112 g, 166504 mpy
 [HEK
=505 mgs
4 [NE}
[Biars o1 &, Eeefure, Early Sell-seporsed (GFV) Culfiee, 1, coli, chornlae Tia: eup of son-heshal e - Esely pregnisesy 193 Three groupic
1901), USA  peegnancy, Mid- il and chocolate mdk 27 e + 34 0205 s
pegnancy / Stk Clolfee: eup of dripped - Mid prignancy: 152+ o [1162)
santh 112 mg; eup of percolaned - 195 206843 mp
74 negs eup of drigped; o [124%
et codle - 66 g =448 mg
Choealate: gl of dhenlate A 113y
milk - 10 figg; ehoeodate bar
(113 g) - 20 mg
Calfeisarnd saft drinks -
A1 o,
[Unnet etal. MR/ Mid-peegnaney  Sell.sepored Colfet, 1, choslate, and Cup of enllie - 100 gy of HE Fistir o ugi:
2004, (Lhith week of [ p—— eali vl L0 mg
Deenmask Austation) peuency an dally Chip ol hia of claovslite - o [108BS};
50 1 1000 gy
Bt ol eola (25 o-250 sl ) - 4 [A254);
50 g, SO0 g
o [4380);
21000 sy
 [S88)
(Belihus e1al, MR Mid-peegrancy  Sellsepored (mailed  Colfer, Coca Cola, Pepsi Cols  One mig — Dwi cps; sne oM iy * Fives grodpe
2000, (171h week] s late questionnaire) regelar: and Cocs Col, Pepd  small botlle = fows cops; ome 337 W maakie of
Hurmiy peegnancy [0 Cla it large bortle, L5 L= 12 cugs.  Late pregnasey: 1.3 eafleine (NRE
el bsilled  perendaned £ Rlnensd - 3385 (MEE
[iLpre— 251 (HR);
Enslast esprekag eollie - = 155 (ME}
Bl ey
T — 50 mg/eufe
Begiilad and diel sl drisks
an
T P—— [ R E—] Cinlfiee, i, asd cola Ot cegular eolfee - A5 ;. NR Feotir gpiiign:
eral, T,  Eerview  Mid- [ p—— [ealfeinaned, docalleinaed Devaliisaned coffes - % sy [
Metherlands  pevgnancy (1608 [requency an amoest  baoth, or herhal nes) Banth pegaar and o (963
el et i the lacr devalliisstind ool — &4 g, B5-255 mg/
wek) Fegular iea — 45 sy o (L6148}
Regular cola = 35 g £S5 mp
Decaliisand osla = 0 mg 4 [7F19%
Regular and decalfeinaed =425 mg
culi = 17 sy d [143)
Mo o, eallise, lisa, Gy
herhal pea - 0 sy,
(Kiebanolf & AR Serwss pariesthine NR NR NE Four grougs:
Keim, 2015), concentrdion 25th: 97 pg/L /
England 187 ug/L (561/
S05);
Soth: 383 y/L/
S22 /L (S71/
a3
7Sth: 870 /L /
041 pp/L (521/
52,
Q0ch: 1405 s/l
/1526 pg/L
{543/535)
(Ded-Poate NR / Post pregnascy  Sell-seporsed Coffee aad yert mase Filtered coffee: stromg colfee NR Theee groupe
oAl 2016), (i birth) (parental repoets = 0,25 oo/l moedius <100 mg/
Beazd frequency on daily colfee = 0.20 mg/ml; weak d(1534);
) coffee = 0.17 /el 100-299 mg/
Yerba mate = 17 mg/100 ml; 4 (902)
Instast coffes (3 mg of 2300 mg/
culleise per g of powderk 4 (698)

coffee spoon - 26 ; level
colfee spoos - 2.3 3; Sl seeall
colfee spoon - 2.5 g; leved
{continund on next page)
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Table 2 {comnnmed )
Aetber, Year,  Expouee period Caffiite comumption  Calliie wures Astotint of calvise per Calfisitee intake {mg’
Cinisry Inerview peziod trieckisg methind e day) grugs (N}
Mizan = S
srrall el spoon - 1.5 g Mull
desmer spaon - 7.5 g2 amd
liwel dissert spoon - 7.0 g
[Gedéra c1al.,  Before pregnasey Sell-sepumed (FFG) Regulir coffoe, Lee, and Cup ol enllie - 100 mgz eupol R Thiee groups:
2016}, (52 wiks befisoe) alTeimannd sodasall deink b - B7 mgs glass of 0-104 {B34);
Frane and lae pregn sy callTeisaned sodaSolt deink - T 200 [3UED;
(2840 week]) /AL a7 g =300 {133).
ennslment and afer
delivery
[Sddikelsen MR ¢ Mid-peegnaney  Sell-seponmed ‘Colfes, nia Mg~ Dwe cupes bess than NE Fastit groriigs
eal, 3T), (15t week) te late (parenial fepors i eup /iy = 0.5 eup /iy [emps per day
o ) e [0k e oo daily e cop ol colfie - D00 mg: eanlTins T
weerdk] and pist [eme—r— O cop of Des - 50 mg. 0 [2E500,
peegnancy (6 and 16762
Ik sonth) 05-3 {15230/
2h848k
&7 (4396
BRI
=R (1285,
OE)
[(eliyake et al, MR/ Eady o lae Sell-sepomed (DHQ]  Chinese sea (such as groen e WA *During pregrandy. Fistir grougs:
014, Jagses peegnancy (St so sl podong 1ea), colfee, black 27 (MR} Q1: S08 (L
Tk week) 1, eoda and sports deinks. hoy Q21833
chosalane, diet psla and nos- (300
enesgy-cosraining soft drinks, QIR
] conlotiosaries [Seaisly (3
chopalans) Qe 434 (30)
Early b Mid- Sell-sepomed (FFQ) Culfiee, e, clleisnng MR +ecBefore pignascy:  Fooe grogs:
etal, 2021},  peegnancy / Mid- beverages and ehoolane 172 Mid pregnancy:  0-22 mg (MRL
Morwiy pergnancy (Zind 56; Lal: pregnancy: = 22-56 my
k] B LRLLT
Total solorr: 56 = 36-200 wgs
IOR callrise: mlake d[NEL
118 a3 yr/ o M-300 sy
5 y/E ek 4 MR
R, 5655, 63/57 > 30 g
Hon Re. 56/59/60/55 4 (NE)
(s MR / Early o lase Sell-sepuread NR. MR Highly sncistain NR
eal, 2021}, peeg (s d sty
11T [Pegjuency on day,’
w0
nfreeslion )
(P et al, Early Do stid- Sell-roponed Gpesilic  Colliee, i, soda, and B Misid] droswees off Bt sl EARLE 20 {NE}; NR
2021), USA [first 3} Juestinniaiee abul choealate tisa felaelate W5 0 ey Edly pregnisey Lo
Hul.i:.nndh'lm- Epea]ency s Sy (Rell mid pregascy: I8
Late pregnascy (= quantities) 12 NMuid ounces was assigand  (NRL Mid pregnancy
21 weeks 10 bink) / 33 mg of cafleine per serving. 1o lale peegnancy: 7
MG o Late (hocolare ciady - 43 my of (NRY
peegnancy culleise bvsed ona 1.5 ounce  HOME: 18 (NR); Ealy
size candy b, pregancy 1o sid
‘Cups’ ee “botiles - & wis pregmancy-17 (NR),
resumed that serving size Mid pregaancy 1o ke
refesved (o the sandisd 8 pregancy: 15 (NRL
fuid ousce cup or 12 Muid
ousce bettle.
(Phang et al, NR Self-seported Colfee, espresso, 1ea with Colfee ~ 8 0z (240 mL); NR Three groupe
2022), USA (Developmental cidleise, soda with cidieise, epresso = 1 shot; tea ~ 8oz 0 oq/d (4170);
History aad cscrgy drinks (240 mL), soda ~ 12w 0-200 mg/
Questicanaire) (355 mL); esorgy drink ~ 4 (1829);
S0z (148 mL) or 2 02 (59 mL) >300 mg/
for 58 emergy drink Two 4{221)
cups of cofles- 200 mg
BMLI: Body mass index; CAF: mean mg caffeine per day from all during mid peeg y: CAFP: for the peried prior to pregnancy waltl usdy, g Y
(& centiliter; Dt day; EARLL: :mmn&wumalmmnn.mmur and of the IQR: inter g e range; NR:
Not reparted; OZ: ounce; Q: Q : Re: Responders; Ref: Refi SDM: d deviation mean; *Caffelne consumption ranges; ** Sum of Squares for the
variability of total caffelne consumption at 17 and 30 weeks of pregnancy; ** *Values ponding to the medl

memajwiqdnu&sanmdmlmﬂaﬂdminuhw
self-reporting, by a Food Freq i ire (FFQ) [7.20],
Quantity Frequency Variability (QFV) Qnesbmaue [21], or Diet His-
tory Questionnaire (DHQ) [10]. Additionally, four studies employed
specific questionnaires to assess daily caffeine consumption [18,22.24],

while two others focused on weekly consumption [9,15]. Two studies

ined both frequency and/or quantity of caffeine intake without
specifying time periods [25.26]. One study evaluated serum levels of
paraxanthine to assess caffeine exposure [27]. It is important to note
that these studies primarily focused on dietary sources of caffeine, and
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other potential sources of caffeine soch 3 medications were not
evaluated.

Two studies did not cleady report the sources of caffeine [18 27].
Amaong the highlighted sources are coffee (regular and espressn), tea
{verba mate, herbal tey, Chinese tea, and black tea), cola (Coca-Cola,
Pepsi-Cola regular, Pepsi-Cala diet type, amd diet cola), chocolate
{candy, milk, and bot chorolatel, and various caffeinated beverages
{soda, soft drink, sports drink, and non-energy-containing soft drinks].
When assessing daily and weekly dietary caffeine intake and their
respective quantities, there were variations in milligrams across studies
thit solely considered a standard cop of coffee withowut accounting for
the preparation method, type of coffes, or its sirength. The measure-
ments ranged approximately from 66 to 100 mg.

Maternal caffeine consumpbon during pregnancy exhildted varis-
tions across different stages. Pre-pregnancy: two studies reparted dadly
consumption ranging from 0 to over 505 mg, with a mean of 19201 2 mg#
day and a median of 172 mgsday [20,26]. Early pregnancy: daily con-
sumplion ranged from § to over 444 mg, with mean ranging from 17 to
193 mg/day [21.25]. Mid-pregnancy: daily consumption varying from
0 o ower 1000 mg, with mean ranging from 7 to aver 152 mg/day [21,
23.15]. Late pregnancy: daily consumption betwesn 0 and over B0 mg,
with a medizn varying from BD to potentially exceeding 800 myg/day
[20,23]. Througt preg = daily ¢ pion varying from O to
over 505 mg, with a mean ranging from 18 to potentially exoseding
505 mg/day [7,9,19,20,22,24,26].

G4, Prenohol caffeine and aemrobshmiioral disorders

Talde 5 shows the outcame characteristios and the main results of the
included studies. The main paremeters asiessed in the included studies
were ), cognition, memory efficiency and working memary, anxiety,
depression, ADHD and other attention tests, internalizing and opposi-

Repranlicria Toriosdegy 125 [024) MASET

amociations were found, such as caffeine consumption linked to inter-
nalizing and extermalizing behavior problems. Two independent studies
imvestigated the relationship between prenatal caffeine intake and
ADHD, with one failing to demonstrate a significant association and the
other revealing a potential link between high caffeine intake and ADHD
[22,24]. One study examined the association between caffeine intake
during pregrancy and Social Responsivemess Scale (SRS soores in
children, suggpesting that prenatal caffeine comsumption may be associ-
ated with higher SRS scores [25]. Lastly, Jacobson ef al., [26] assessed
neomatal behavior ming the Neonastal Behavioral Assessment Scale
(NEBAS). Their findings suggested an inverse relationship between
caffeine intake during pregnancy and newbom neuromuscular maturity
{Table 31 Talde 4 shows the main confounding factors of the included
studies in this systematic review.

3.5. Risk of bies in shefies

The risk of bias analysis of the incloded studies, along with cate-
gorical responses and judgments for each study, indicating a moderate
overall bias across all studies, can be found in Supplementary Material B,
Given the presence of numerous confounders that can affect cognitive
oubcomes, the studies were classified as moderate to confounding bias in
the ROBINS-] assessment. Considering this and the methodological
heterogeneity, it was decided not fo perform a quantitative synthesis
{meta-analysis).

8.6, Certminty af evidence

The cutcome evaluated in this systematic review had overall cer-
tainty of the evidence claskified as wery bow (Supplementary material D).

4. Discussd

tional behavior, externalizing and internalizing behavior, meuromotor
functioning, mental intellectisal, and anguage and motor development.
Specific measures related o neurcdevelopment in autism spectrum
disarder (ASD]) were analyzed in one study [25]. Some studies evaloated
anthropometric measures, such as birth size, length, gestational age, and
birth complications [21,26]. Two studies examined physical health
outcomes and brain structure [5,18]. The evaluation pericd for the
outcomes and their respective Eequencies spanned from the eardy
postoatal period, with a minimum interval of one day [21] to an
extended period of up o 11 years [83,.23 24].

The studies incheded in this systematic review employed a range of
amesment tools. Two separate studies applied the Wechsber Preschoal
and Primary Scale of Intelligence (WPPSI), the first study found o
significant relationship between variables [21], while the second study,
using the WPPSI-II, revealed a negative association between continmous
caffeine comsumption and Q) scores, with the higher caffeine exposure
associabed with lower [Q) scores [7]. Two studies employed the Wechsler
Intelligence Scale for Children (WISC), both finding no significant as-
sociations between caffeine exposure and childbood 10 [21,27]. The
farst study Focused on [0} soores, while the second examined asociations
between maternal serum paraxanthine comcentrations at different
pregnancy points amd child 1) and behavior at 7 years. Twao studies used
the Mational Institutes of Health {NIH] Toolbox tests (o assess cognitive
aspects, measuring processing speed, working memory, visual-spatial
processing, learnming, memory, and fuoid intelligence [E 18], Thres
studies wtilized the SD), asmexing the impact of maternal caffeine
consumption on child piychopathology and bebawior [9,10,23]. In one
stuly, caffeine comsumption was divided into groups, but no significant
asgociations were observed. In another study, caffeine consumpdion
showed significance in relation to specific psychopathological domains,
and the third study found that higher consumption during the first
Irimester was associated with adverse cognitive effects in children. Four
studies employved the Child Behavior Checklist (CBCL) to measure psy-
chopathological and behavioral aspects [8,18-20]. Some significant

This systematic review revealed Emited evidence regarding the ef-
fects of gestational expasure to caffeine on neurcbehavioral disorders.
Amang the fourteen studies nclhsded in this systematic review, seven
indicated & potential msociation between prenatal caffeine expasune and
neurabehavioral ‘neurodevelopment  deficits.  Prenatal  exposure o
caffeine was mssociated to poorer nesromusoular development and re-
fex functoning, kower Q) scores, anxiety and attention disorders, hy-
peractivity, and behavior problems. The studies alio related that
prenatal exposure o caffeine affected brain structure and increased

mddestly behaviors related 1o ASD [7,8,18-20,23 25 26], However, ane
study showed that prenatal caffeine reduced the risk of peer problems,
including being solitary, having good friends, being popular, being
picked an or bullied, and being best with adules, in children [10] and six
studies did not show a significant effect of p | caffeine ¢ P
ton [9,20-22 24 371 Also, the studies presented moderate risk of bias
and the quality of the evidence was rated as very low.

In this review, the inclisded stodies that observed negative sffects
amociated with prenatal exposure to cafeine chowed a mean caffeine
consumption that ranged from 7 to >B00 mg/day [7.8, 18,273 25 26].
Amaong studies that did not obgerve a significant effect of prenatal
exposure to caffeine, anly two reparted caffeine consumption, which
varied betwesn 56 and 193 mg/day. Miyake et al, [10], who observed an
improvement in children's behavior, reported consumption  of
227 mysday [10]. With the daa obtyined, it is not possible to correlate
the dote of cafeine ingested during pregnamcy and the observed
aubComes.

Considering children aged 5 years, Galéra e al. [7], linked children
of mothers consuming 200 mg/day or more of caffeine to borderline 10
soomes [ 7], while the Berglund et al. [20] research found intermalization
isgoes for caffeine intake between 22 and 56 myg and internal-
ization/externalization prollems between 22 and 300 mg [20]. The
Mivake et al. [10] study associated S0 scores for peer proldems with
caffeine imake rnging from 1834 mg to 434.2 mg (02 to Q40 [10].
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Table 3
Neurcbebavioml disord, i 1 in the inclided studies. Period of evaluation, | umed and af the o Values in bold: statistical
difference for caffeine effect.
Authear, Year,  Duleomes evaluabed Period of k Bl ol results Blain resulis of prenatal Conee | usibnns
Cinssiley {Chikd) evalustion [Seores) calfzine consumption
(Mo Bl sime; 14; HBAS 14, 34 and 4 Calfeing was linked 1o dboines Liilediile i Exgadime 1
efal, 1984}, Gesnaresned age; 2 Oefenlation 433 and pooner Seuromieskn calfeine peedicaed behavianal
LsA Behiviar i H Range of @ae: 4.87 devilopment and nellex effor s that weee independent of
4 General Irsitability: 5.00 Fusmeti anisg, piysical or peatariosal age
Feuirustiiselas matusiry: defiite
553
Reflewes: 6.18
2d:
Hiad eircumferensi 3.54
Cestatiosal age (EDCE
5.6%
[Bars o3 ad Heigha; 14 NBAS: BT Broech presentation assciatid  There was 0o longderm imgact
1901}, USA Weeight I a1 Oefenlation: 001 o CAFD. ol prissital calleine eipoiere.
HC; Bm Bayley Sealex  Resctiviny: 0.22;
10 and anestios temx A FSIg, Halbdruaion: 7.37;
Targmancy Ty FLME, Teemuloesinesc o]
edmplicalion; TPFT; Asoiial: L35
Mirwhorn meaveres; WSl Activiry Misele poss: 115
Plyiead sie bental! WECR; 24
el T Seching prisune: 1,08,
devidopment, Larerey bo frsr suck: (L%
LT B
Tusetianisg MOl -;
PFOL -
4y
i 0,22,
Fife matoe Sniadiness
Emuee 318;
Grooved Pegboasnd - pigs
dropped: 207,
E
W 0,17
Wigilanoe: Ernoes of
o] on AN 0UDL;
Emoes of commssion (AXE
s
[Linnet et al,  HYPD; HYPLD; NE InaTletios; <100 gl 1 N sigifiast el The prenatal consssption of
200, antention-defii hygisaetive, 100-309 mg il 0.0 high disees of cafeine dies not
Denmiask disordir withos imyrakiive ADD-0 mg i 1.3 inenease e sisk of hyperkiners:
Ry peractivity seaken 1000 sy 23 dlisseder and ehildhood ADHD.

Bckihic lidant Eamention 15y CBOL | natlearin asd Small efeet of high calfeine Saallt dwindes consumpliss diring
etal, Bl  Oeessetive behawion oviTReliving: ek on i e mdd-prignancy o kead e
Marway ! i vy iviny o codlisise inamention ¢ overactivity in

Mid-pregaancy: Gobbl e diieing mid- childen aged 15 ¥
(Oweractiviry: Late pregnancy and effec of
pregmancy: 000 everactivity o callvise

exposere during mid o lae

[poegnancy

T prr—r— Priniecial behavion Sy A Foverall problem behavior Mo sigmificass effiel There was o long-eem g
eal, 7012, Behavior  Hy preractiviny -iss mestios af presatal calfeing cuposere
Metherlands  ER. / Estational sysipoms /

cr; P/ PP Prosocial
Hypersetiviry- behirvior]
Esention -85 gl - {eefienense])
.3 BE-255 syl [105,005,
074, /09,0 A5 TRES]
35435 s d: [0.B6A0LET)
S AUET A0 0]
425 sgad: 1104008,
LE/1 16065 TL45]

[(Klehanall & Hyprrastive; Ay SHIS: g Aswocation berween masernal  Despite the dits obiliised, e
Eaigm, Internalizisg; Ty WD 8B Pall-Scale 1) paravanthine leveb in sarly wie o elinical relevance wo the
2015, Oppoitiosal behavior Hyy bebevice / 1B/ pregnancy snd hyp a sation b pree
Enighind EB; O 070,000,056, 16 e 4. pacasanthine kvels and

B WEC Full Seade 1/ EB ¢ Also, coenelation analyss il 1G) or probiem
IB: 0.2 /150 AL shisind fatinn B I=hawi
Ty parazanthine leveds in early

8B Pell-Seale 1 /

pregnancy and intermalizing

v FIB ¢
OB 33T HAALE
WEL Full Seale 1) ¢ EB
IB: MA/NAALET

Bk e 4 el
assciation benveen
paraxanthine levek in mid-

(vt o nexe o)
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Table 3 (conrinued )
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Author, Yeur,
Cousmtry

Outcomes evaluated
(Child)

Main revults of p 1

{DedPonte
al, 2016),
Beaxd

(Gadera e1 al.,
2016),

eal, 2017),

Verbal 3.

Full-seade 1Q

Esotional bedavicesl,
Conduct-oppositiosal
disorders;

Eatrention disooders;
Anxiety depressive
dsondens

4y

1y
2y
3y
55y

1y

wiesLu

(11 trimesier / 2nd
trimester / 3od trimestes /
Entire peegmancy]

<100 mg/& (1/1/0/1]
100-299 mg/d: [1.04/
1L03/0.96/1.12)

2300 /& [1.27,/095/
1.05/0.90]

Fulll 1Q / Verbal 1Q /
Performance 1 for:
Continuos CL. -0.94/-
0.63/1.1%

Verdal IQ: Ref/.66/1.43;
Performance IQ: Ref/1.48/
193

Per expermental grosp
(0-100/100-200/ > 200):
O Fulll BQx Red/-0.99/-2.60;
€I Verbad 3Q: Rel/-0.40/-
0.99,

X Performance 1Q: Rel/-
L75/-3.64;

BorderSise InteBectuad
Fusctionisg sed Below -
Full 1Q: Red/1.24/230
Per exgerimental groep (0/
0.5-3/4-7/=8):

FT: Red/0.93/1.06,/1.21;
TT: Ref/0.91/1.02/1.09

FT: Ref/0.93/1.23/0.22;
TT: Rel/0.87/0.97/1.16,
Tea

FT: 0.92/0.96/1.21;

TT: Ref/0.97/0.92/0.59
Hyperactivity -inalestion
disceder

FT: R 11031 061 315
TT: Bl 001 /10201 0%
Tea

FT: Rl 0.0,/ 0. 960 ) 26;
TT: Bl /L85 A0 A5, 0.8
Conduel-ippsitiona
it

Colfee

FT: R 1.1 31 33
TT: Bl 0BT 007,116
Tea

FT: 0L90,/0.06,1.21;

TT: Bl /0,97 020 59
Hy prerias tivily -inalistios
discrdder

Cuillieg

FT: R/ 0.97/1.00,/1.47;
TT: Bl /008,006,121
Tiea

FT: Risf/ 003 LT, 215
TT: Bl 000 70 0S4
Ay ppckiateie disandes
Calliee

FT: R 0031001 23;
TT: Bl 0,040,006, 05
Tia

FT: Rl 0054061 24;
TT: Bl A0 0. B 0L

peegnancy and M5 1Q a2 age
7.

No sigaificast effoct

Accoeding (o the suthoes,

ADHD in children ar the ige of
1y,

The iethors seggest s

:nqdnnna‘m;nm
childees's KO af age 5.

Presatal coffec Wi

mlﬂmmqﬂmrnd
adverse effects on cognitive
developasent in the olfspriag,

| caffeise

(28 cups) i e fiest trimester
can lead 10 hypesictivity-
Isattention behavior ar 11 y,
while presatil tea commumplion
(28 cups) in the thied trisester

B — hypestiviny.-

i E.HH.!},__, hi

cossumption from both coffee
and 1ea was related 10
Dbehavioral disseders ar age 11,
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(liyale et al., EP; Sy SO [Japaniss EF / (Fy HF / P Prisaital calfeing consusigiion, Prenatal calfeise Eiake may
2014, P veriion) QL: Refd stainly from lapancee asd have a prolective effect agains
Japan HF: Q20551 26/1.04,0.61 Chiness bes, was silansd o peer problems in children

PR 031 ERA0 07 0.00,0.52 Boswer cores of i prohless,

Qe DFTA005/0.88/051  isdependent of ather lacors,

Fine and gross moos 05y (=3 Full el Presaal calfeine consusigtion.  The methoss ssgpe that low 1o
efal, B21)  develspment; 15w B NEHASH/AS Gubidy s faned Witk al 1 d poenatal calless:
Murway L Iy EAS; (LI (T 020 i bl v s exssumplion in prignency does

Behavior. Sy ITSEA: Be  Non R development. B wi elated o 0ot esll in cliniesd significas

Tem peramnl. By SMFU L5: 9.06/3.96; segalive estationality, high Mg lievett i<l o Hhae

SCARED: MWE: 273274, aelivily aedl haw sociability = meunslewopment of childeen

B DD SH: 30,208 the offsprisg. Cellei intake U 0 & s of age

ALY HA: 4,004, 04; Bigher than 56 myd wis

(comtinaed on nest pag)
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Table 3 (continued )
Author, Yerr, Oulcomes evaluated Period of of resules Main resules of peenatal Conclusions
Country (Child) evalustion (Seores) caffeine consumption

[s413 B 1.25/1.26; assodiated 1o delayed motoe

ooe2 EB: 1.49/1.4%, and langsage developsseat at
FM: 113/1.13; 1.5 yewrs. While childres
GM: 1.10/1.10; appess (o regain their sotor
LD 1.40/1.59. development, B same is not
Per experimental grosp e for languice.
(TCL0-22 mg;, >
22-56 oq/d >
56-200 mg/d; >
200-300 mg/d; > 300 g/
dr
B
L5 y: LOOL/Ref/0.956/
0.909,/0.976,/1.007
3y 0.976/Rel/1.012/
1.003,/0.932/0.977
5 y: 0.962/Rel/0.854/
0.698/0.837/0.833
EB
L5 y: 0.005/Red/1.005/
1.00%/1.097/0.921

3y 1.030/Ref/0.991/
0.975/1.059/1.166

5 y: L.007/Rel/0.869/
0.870,0.917/1.033
Conduct disceder 8 y-
1027 /Red/0.917 0862/
1.127/0.948
ADHD-syssptoms 8 y:
LO25/Red/0.967 /0. 873/
L045/1.125

Opposiricand defie & y:
LOIS/Re00.958,0.837/
0.958/1.19¢

Depression symploms 8 y:
LOAZ/ReL0.917/0.932/
1.065/1.281

Scared fanyicty 8 y: 0.975/
Rel/1.016/0.955/0.987/
0956

G stelor

L5y 1055 Redy] 058
L1800 T4, 29
3y 0041 /Rl 062
0021 005 /0801

5 y= 007 Rl 0,053/
L9530 0520088

By 0068 Rel1.174)
L2301 048/0.726
Flie matos

L5y (000 el 045
1006 A0LBBDT.045

3 y= 0068 Rl /0.025/
DOE3A0 072 ALEIT,

5 ye 00006 Rl 0.807,
1005/ 1087 /0.76E,
By -

Langsage

1.5 L0E Rl o0 OTES
L.102S1.085,1. 107,
3y 100 Rl 00487
LOEEALGG7 /1155,
5y 0060 Rl D.E48
031 ADAD] AILUBES,
By 0086 Rel1.0077
SN AL 7540000
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elal, D021),  Eeractios (B DI Bl 1k il Frae sl Elfect diwidoy which
LsA TE HIH (B CET-LH 7 0.D4Es aniusiropy B e ol s b asociating o D el

WM CET-LH WM P32 for eiarting pinal el ad the o g reslrueiuee of fiber tracts,
Fyehogmthulogy GCE/FA/Intemetion: ferion fomto-oeeipitad wmchh s IFOF.LH asad CST-LH.
ECAS L2590, e e 4 Maseiculus of the k=h
L1333 ¢ wiich e
CST-LH TE P{=¢2) for assoriatid [ irgsinsiest i e
GCE/FA/ Inlermetisn: wiiking sesiory, Lask
Tcomtinued o next ot
Ll
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Table 3 (connmued )
Auther. Yeur.  Oulcomes evaluated Period of '’ M of resules Main resules of 1 Coeelusi
Coustry (Child) evaluation (Scares) caffeine consumption
0.3120/2 3404e-4/ efficiency, and
0.0245; sewrodevelopment.
CST-LH Extersalizing P
(>72) for GCE/FA/
Interaction: 2.3452e-7/
0.00746,/0.3136
CST-LH Internadizing P

(>72) for GCESFN/
Interaction: 3.2935¢-8/
0.0176,/0.1133%
CST-LH Sematizatios P
(>72) for GCE/FA/
Interaction: 0.0063/
0.0176/0.2008
(ST-LH
Neurodevelopment P> y2)
for GCE/FA/imeraction
5.7835¢-6/1.4758e5/
0.2627;

IFOF-LH WM P(>32)
GCE/FA/Internction:
0.2393,/9.6555¢-5/
0.1881;

[FOF-LH TE P{>y2) foe
GCE/FA/Interaction:
0.3120,7 564%-5/
0.1045;

IFOF-LH Extemadicing P
(>72) for GCE/FA/
Interaction: 2.3452e.7/
0.14414/0.321&
IFOF-LH Imernalizieg P
(>72) for GCE/FA/
Interaction: 3.2935¢-8/
0.08295/0.1551;
IFOF-LH Somatization P
(>72) for GCE/FA/
Interaction: 0.0063/
0.2215/0.1869,



s

(Pt et al, ASD-cclatod bedaviors; 3y SRS Gestutiosal Period/ IQR Prosatid calfeine istake has @ The wsthoes seggest that higher
2021), USA loserpersonal Ay ADOS; adjusiod videe: positive clisically amnlm levels of cafleine istake durieg
Deduavioss; MSEL EARLL: Mesen/ 2.0, with social scade d with
Communicatios, HEIT <20w/1L0. >20w/1.8 hdMnag-dM years i mmhmm
Repetitive behanvior, HOME: Mean/ 0.6 Both studies, althoegh the related 10 ASD in childres aged
Stereotypical behavior <20w/ 04, >20w/ 03 eesults were more evidess in 3-8 yesrs
the EARLI study.
(hang et al., Birth cutcomes; Oy lly B AT benst cece & diy Sess Presatad calfeine exposere, Prenatal cadieise exposere was
2022), USA Plysical healtk NIH CB han cace & diy but mare even Al lower doses, wis assoczated with bedavier
Behavior peoblens; LT an coce & week,/Sess thie clated o and affected bewin
Connitice; RAVLT, once A wiek/so eeposure] lizing p Girls in offigeing
Substance we, ST Bedavior problems by showed sore somstic
Beain strectuee in SID Fequency cidleine compladats and comduct
childees conmesption: probiers, wisde boys had
Intersalizing: 47.8/48.0/ Righer wial seores for
48.0,/47.9; extersalizing probiems. The
:45.7/45.1/ of more this
45.0/44.7; three mp of cofliee daily was
- 4/534/ ciated to Bigher rates of
532/536; oppoitional defian asd
Aaxiety: 53.4/532/53.3/ comduet prodies is male
535 Edividuals.
Somidic: 55.5,/55.6/55.5/
55.00
ADHID: 534/53.2/531/
5.0
Oppesite: 53.6/53.2/
53.2/53.;
Conduer: 53.4/52.8/52.9/
529.
Cogaition
(comsnuad on next page)
10
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Table 3 (conrinued )
Aulher, Year,  Oulcomes evaluated Period of of results Muin results of prenatal Conelusions
Coustry (Child) evaluation (Scores) caffeine consumption

RP0.01/0.02/0.04,0.06;
M -0.09/0.12/0.06/-
0.06c

EF: 0.18/0.16/0.20/0.24.
Cortical thickness

PL: NA

P2 NA
($3:0.119009 (D >
No/less than W)
(P4:0.106,/0.084 (No >
n/w)

(¥5:0.098 (D > No)
Corticad thickness (ROs):
L Cuneus: AT [b] > 0.013
(D/W>No/Less than W)
R Laterad occipinal All [
> 0.012 (Dather groups)
K Cuncus: 0.018/0.017
(D5 Noy/Less thes W)

L Latesal oceipitat 0.013/
0.014 (D>No/Less than
w)

L Isthmus cingulise: 0.024
(D>Ne)

L Sugerior frontal: 0,015
Ne>W)

Seleal depth (ROK):

L Cuneus: AT [b] > 0.007
(D> other groups)

R Cuneus -

R Pericaleadine: 0.009
No>D)

L Lingual: All [ > 0.004
(Do other groups)

L inferiorparkerid 0.005
(Less than W No)

L Sepeamprginal: 0.004/
0.004 (No>D/Less than
w)

ADHD: Attention Deficit Hypsractivity Disorder; ADOS: Austiom Diagoostic Observation Schaduls; ASD: Awtism Spectrum Disorder; ASD): The Ages and Stages
Questioomalre; CAFD: mean mg calfeine per day from all sources dunng mid-pregrancy; CPT: Continuous Performance Test; CBCL: Child Behavior Checkdiss CB:
Cognidon Batvery Test; OOC-2: The Children”s Communication Checklist-Z; CDH: The Child Development Inventory; CE Caffeine Intake; CP: Conduct Problems; C5T-LH:
Corticospnal Tract of the Left Hemispheres: DAWEA: Devel it and Well-Being Assessment; DSM: Diagnostic and Statistical Manual of Mental Disorders; Dx Day,
EARLE Early Autism Risk Longirudinal Investigation; EAS: Activity and Shyness Temperament Questioonaire; EB: Externalizing Behavior, EIC: Estimated Date af
Confinement; EF: Exeoutive Function; FA: Fracticnal andsotropy; FGME: Fine and Gross Motor Battery; FME Fine Motar; FSIQe Full Scale ) soare; GUE: Gestational
caffrine expasure; HA- High Activity; HC: Head Ciroumference; HOME: Health Outcomes and of the Envi HF: Hyperactivity Froblems; HYPCD:
Hyperkinetic Conduct Disorder; HYPD: Hyperkinetic Disorder; [8: Internalizing Behavior; O0x The Infant Characteristics Questionnaire; 10 Intelligence Quotient;
QR Interquantile Range: [TSEA Infant-Toddler Social and Emotional Assessments KBIT: Kaufman Brief Intelligence Test; LD: Language Development; LM: Leaming
M.:mtr_rLR'I.':I.Lh.eh.hnndnunmwmmwvwmhmmmmmmm&mﬁwmm Magnetic
Hesonance Imagiog; MA: not applicable; NBAS: N tal Bet Scale; NE: Megat Lity; MIE: Natiomal Institubes of Health; O8: Cppositional
Behaviar; PDN: Psychomotar Developmental Index; PP: Peer Problems; RAVLT: Rey Auditnry Verbal Learning Matrix Beasoning Task; Ref: reference value; RP: Reward
Processing; BS-DBDx Farent/Teacher Rating Scales for Disruptive Behaviors; SCARED: Screen for Child Anodery-Redated Disorders; SB1S: Stanford-Binet Intelligence
Seale; SDM: Standard Deviation Mean; SD): Strengths and Difficulties Questioomalre; S10: Stnectural Imaging Daca; SMFQ): Shant Moods and Feeling Questionnaire;
%RE: Soclal Responsiveness Scale; S5T: Stop-Signal Task; ST: Sucking Test; T: Task; TCL Todal Caffeine Intake; TE: Task Efficlency; W: Weels WISC-R: Wechsler In-
telligence Scale for Children- Revised; WM: Warking Memary; WPPSELIE Wedssler Preschood and Primary Scale of Intelligence Third Editions ¥: Years; "All values in
the cell represent Partial F{df) for caffeine consmption with respect to cognitive tesis *"povalues.
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However, the Loomans et al. 9] study did not observe a significant
relationship betwesn caffeine intake and cognitive outcomes.

It is important to note that except Klebanoff & Keim [27], the studies
included wsed self-reporting 1o assess caffeine consumplion ranges,
which can impact the scourmacy and validity of the abtained resolts due
the pessibility of memory biss. Participants may have difficulty in
accurately recalling past events, especially specific detadls. This can Jead
1o underestimation or overestimation of the reported values [2825],
Furthermore, self-reporting can be susceptible to social desirability bias,
where participants tend to report their behaviors in alignment with
social or cultural expectations. Another challenge is the lack of objec-
tivity in interpreting questonmaires, as participents may dnberpret
questions differently or respond ambiguowsdy, resulting in inconsistent

AR, Sonsng & al

Table 4
Comfounders faciors of the included studies (n= 14).

Authee, Yiesr, Country

[Jarnbecn o al., 1984], Deemorraphics chiracteriaics: Baby s s Gravidiy,
US4 L age, b e, Pasiry, Presatal care,
Beewln-sotsnimie SRl
Nutrition: Weight gain based on smoust mdlk and
el omsumed.
mammmmmmmm
Aspirin, Hydraxizine, Meg PCE exy

Confounders aslomn

Smnkisg.
Dcairgrahis e vistes: G ity Maritl ssavs,
M I age, Hussibes af children
in the Bouschobd, Parity, Race, Socin-econimes i,

Ninritiofe Adeq uate diet, Weigh! gain.

D i Acetassinopien, Aleehol intake, Antibiotic,

[Bars e &l 101, USA

s, S,
(Linnet el al. JHAL D hi idtics: Baly's sex. Empl
Denmask suten, u.ln:unlngt,:lulnm.nl SIANS, Nuwuﬂl—y

ilalizatioss or GOSIACTs AS SUIp
Parental years of sehonlisg alter basis sbuscl.

D s Aleolad inade, Smoking.

Demigra phies charposertaics: Age, Baby's sex, Binh
hl'.-'q_hLH.t-‘] cireipmierenie, Marital spaps, Manersal
D.ugmmmmsmmg.

[Lotmsses o1 ad, 2013, hi tatics: Baby's sex, Educat

(Eekdihie e al., HO0 i,
Hormay

Hetherlands Euuuu:. Family sine, Materssal sge, Marital stans,
Prenatal manersal ansdery.
D s Aleolal imade, Smoking.
Klehanoll & Keiss, Demigra phies charsoertaics: Baby's sex, Duraten of
205}, Englind gestarion al blood deaw, Matimal age, Matersal

erlucation, Rare, Pre-prognasey weight, Weight

D s Smaking.

Diemographies chirscteriatics: Baby's sex, Bah weight,
Child reatiosal age it birh, Maritil ssats, Masermal
Eccsaeniic lades (IEN), Nusstatr of annesaral eace

(Ded-Ponle & al., 2006],
Beazll

'ﬂ.l;tbthnt.
Disug e Aleahid intalie, Simsking.
Desnographics chiracteritivs: Baby s s Binth weight,

(Gabéra ot &l, 2016),

France Breasroedi G d age, G
disberes, Hosssehold invooeste, Maritad stares, Manersal
A e A 1 g. Pasity, Srirvlation of

the cBlldl ar hoe,
Dwug i Aleohal imake, Sroking.
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anl imprecise data [28,20].

Volgvartz et al. [30] revealsd that up to 60% of pregnant Danish
women who reported not comsuming caffeine had detectable caffeine
levels in their blood ssmples [50]. Beyond suscepiibility to social
desirability bias, this data suggests that many women might be mmaware
of the sources of caffeine, including chocolate and enerzy drinks, whidch
were not thoroughly investigated in this stady [30]. Other sources of
caffeine are only superficially examined in the included stislies. Only
one stidy mentionsd medications [21] or energy drinks [8], while
chocolate Fountains were mentioned by fve stodies [10,20- 22 25],
These limitations in evaluating caffeine sources can influence the results
and underscore the significance of addressing all potential sources of
caffeine exposure during pregoancy [51].

Reproducrive Tovicodogy 125 (2024 FOSSET

Klebanoff & Eeim. [27] evaluated the levels of paraxanthine, a
caffeine metabolite, in maternal urine. This method provides a valualle
means bo differentiate betwesn women with different levels of caffeine
oonsumption [ 52]. However, paraxanthine bas o longer half-Life in blood
than caffeine and concentrations vary throsghout the day [15]. In a
comprehensive study, Grosso et al. [34] dissus that maternal
self-reparied intake remaing the most optimal and valid asessment of
prenatal caffeine exposure, as biomarkers fadl o accurmtely capture
caffeine exposure throughout the entirety of pregnancy.

The variability in cafeine content among different sources can have
a substantial impact on the socuracy of estimating caffeine intake in
research studies. If one study wuses a higher estimate for caffeine content
im coffes, it may indicate higher caffeine consumption among the par-
ticipants compared to another study that uses a lower estimate. These
differences in measurements may lead to inconsistent fndings and affec
the accuracy of dose-response relationships in studies examining the
effects of prenatal caffeine consumption on neurodevelopmental out-
oomes. To improve research reliability, standardized and validated
meethods should be employed for measuring caffeine content in bever.
ages, ensuring consistent and precEe data for mesningful conclisions
[25,35].

The inchuded studies exhibited high results heterogeneity, primarily
due o different methodological approaches, as well as adaptations of
the tools employed for some of them. For instance, in the ADHD
asgessment, Linmet et al. [22] used the DSM-IV, focusing on symplomatic
criteria essential for diagnosis, while Del-Ponte et al. [24] employed
DAWEA, considering a spectrum of mental and behavioral conditions.
Another example is the MBAS, initially designed for identifying indi-
vidual differences among healthy Cavcasian infants. A comparison of
chuster srores between Japanese and American-Capcasian newbarns
revealed significant differences in outcomes related to habituation and
arientation, emphasizing the need to modify asossment tools aocording
1o specific cultural contexts [36-3E].

Studies have st that who o caffeine are mare
likely to smoke and drink alcohol compared o those who do not
consume caffeine regularly [59,40]. Cafeine, tobacco, and alcohol are
all psychomactive substances that can act on the central nervous System,
and it is possible that who e one of these substances are
also more likely o consume the others due to reinforcing and addictive
effects. In addition, alcobol and tobacco ¢ pison during pr ¥
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source of bias. Inadeguate nutrition during pregnancy and early life can
impact various aspects of ofSpring growth, metabolism, brain devel-
opment, and cognitive function [44,45]. The presence of food additives,
as highlighted by MeCann et al. [46], may have adverse effects, paten-
tially contributing to an increase in hyperactivity. Living in areas with
high pesticide or hkarmful chemical exposure, as well as Hfestyle Factors
like stress, were ol comprehensively addressed in the included studies
and could also be associated with neurobehavioral disorders.

This systematic review has limitations since the included studies
showed high heterogenesity. In observational studies, researchers have
no controd over assigning participants into different groups, such as
exposed or not expased to caffeine during gestation. In addition, there
are several patential confounding factors, such as maternal age, edo.
cabion, socioeconomic status, lifestyle habits, and general health,
Although researchers attempt o account for these confounders throogh
sty design and statistical analyses, it is difficult o comprebensively
address all of them. Furthermaore, we found a very low quality of evi-
dence synthesis, which thwarts adequate condusions about the effects of
gestational caffeine expasure.

5. Conclusions

There is no evidence that prenatal exposure o caffeine leads o
neurabehaviors] impairment in children. While some studies suggest an
association between prematal caffeine expogure and various deficits in
neurabehaviors]l development, their heterogenicity, including their
varialde quality, as well as the presence of several confounding factors,
generale uncertanty.

This systematic review highlights the complexity of asesing the
effects of gestational caffeine exposure on neurobehavioral disorders.
Furthermore, the challenges in controlling confounding factors and the
lack of fardization in ing caffeine consumption across
sources underscore the need for more rigorous and well-controlled
future research o accurately assess the impacts of caffeine during

can also be an impartant confounding Sactor, since both substances are
known o impact fetal development and may be relsted to bath caffeine
comsumption and childrens cognitive outcomes [41,42]. By incorpo-
rating these confounders into analysis models, researchers can obtain
mawe accurate results. The stody by Klebanoff & Keim [27] demon-
strated no significant interaction between parmcanthine values, sex, or
smoking habits conceming behavioral outcomes. Patti et al. [25] iden-
tified & positive association between caffeine consumpiion and SRS
scores after adjusting cotinine concentrations and smoking status.
Although Christensen et al. [18] observed a low prevalence of in-
dividuals reporting smoking in their sample, and Mikkelsen et al. [25]
sugpested an asociation between consuming more than 10 cigarettes
per day and ingesting at least B cups of coffee per day, they did mot
dently assess king habits in their analyses.

In fact, assessing the effects of caffeine consumption during preg-
nancy on cognitive outcomes in children is a complex isue doe to the
presence of potential confounders [7.43]. For indtance, the diagnogis of

behavioral disorders in children is not always accurate, given its
multifectorial and complex mature, and, in a significant percentage of
cases, it is not clearly elucidated because of the confounding factors,
Bekkhus et al. [19] reported inattention and overactivity associated bo
prenatal expasure o caffeine in children aged 1.5 years [19], an age at
which, through normal develor t, behaviors related to hy peractivity

The kack of an assesiment of the quality of the maternal diet, envi-
ronmental exposures, and Hfestyle fsclors represents another potential

Reprolwerive Toriosdogy 125 (024 POATET

pregnancy. Therefore, new studies with more consistent methodological
approaches need to be carried out to better understand the complex
relationships between caffeine and neoarobehavioral outcomes in
children.
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Triclosan (TCS) is a lipophilic antimicrobial agent present in commercial and healtheare products. Despite its
beneficial properties, TCS disrupts thyroid hormone homeostasis and may be linked to metabolic disorders,
cardiotoxicity, and increased cancer risk. Evidence on prenatal TCS exposure and adverse neurobehavioral
outcomes is limited. This systematic review aimed to verify whether prenatal exposure to TCS is associated with
neurobehavioral impairments. Observational studies with pregnant women exposed to TCS during pregnancy
were included. The MEDLINE, EMBASE, Scopus, Web of Science, and LILACS databases were searched for studies
up to February 27, 2024, Titles and abstracts were first screened, followed by full-text readings by two inde-
pendent reviewers. Data extraction was performed independently, with conflicts resolved by consensus with a
third reviewer. The included studies were assessed using an adapted Downs and Black tool and qualitatively
synthesized. Certainty of evidence was assessed by GRADE. The study protocol was registered with PROSPERO
(CRD42024526426). Among 17 studies, 14 cohort siudies met the inclusion eriteria. The sample size ranged from
193 to 794 pairs of pregnant women and children. Exposure to TCS throughout pregnancy resulted in median
concentrations from 0.40 ng/mL to 28.2 ng/mL. Four studies suggested a potential association between prenatal
TCS exposure and neurodevelopmental deficits, such as externalizing problems, attention issues, hyperactivity,
somatization, emotional symptoms, social awareness, and communication; in contrast, eight studies found no
significant effect. The studies had low certainty of evidence. Considering the heterogeneity and confounding
factors, further investigation is required to confirm that prenatal TCS exposure leads to nenrobehavioral
disorders.

1. Introduetion

food, including seafood, raising concerns about its pervasive presence in
the environment and food chain [3]. TCS is recognized as a known

Triclasan (TCS) is an aromatic and non-persistent chemical that is
metabolized relatively rapidly and excreted in urine. Known for its
broad-spectrum antibacterial properties, it was developed in the 1960s
and has been extensively used across North America, Europe, and Asia

1.2]. TCS is found in various houschold products such as soaps,
toothpaste, and cosmetics. It has also been detected in contaminated

toxicant with a range of harmful effects, including potential thyroid
function damage, neurodevelopmental and neurobehavioral toxicity,
immune dysfunction, cytotoxicity, and correlations with allergic dis-
eases and breast cancer prognosis (4], TCS also interferes with retinoic
acid pathways, gut microbiota, and presents estrogenic mechanisms,
suggesting that it may cause endocrine disrupting effects (5.

* Correspondence to: Faculty of Pharmaceutical Sciences, Federal University of Alfenas, Rua Gabriel Monteiro da Silva, 700, Centro, Alfenas, MG 37130-001,

Brazil.
E-mail address: arissa.torres@unifal-mg.edubr (LH.L Torres).
hetps://do 01016/ j.rep 2025, 108849

Received 16 October 2024; Received in revised form 28 Januwary 2025; Accepted 29 January 2025

Available online 30 January 2025

0890-6238,/D 2025 Elsevier Inc. All rights are reserved, including those for text and data mining, Al training, and similar technologies.



AB. Santona et al

Research on animals has suggested that TCS may exhibit neuro-
behavioral toxic effects, including neurotoxicity observed in mouse
brain tissue, disturbances in locomotor activity and motor coordination,
and the induction of anxiety-like behaviors [6]. Regarding observational
studies, Jackson-Browne et al. [7] showed that higher gestational TCS
levels were associated to increased behavioral problem scores such as
externalizing and attention problems, hyperactivity, and somatization
among boys at eight years. Mustieles et al. [5] suggested that infant TCS
exposure was associated with worse childhood social behavior in a
cohort at three years of age. In contrast, Braun et al. [5] found no evi-
dence that prenatal exposure to TCS could affect spatial learning skills
and spatial memory in eight-year-old children, and Guo et al. [9] found
no significant association of prenatal urinary TCS levels with motor
scores. Instead, they observed an increase in development quotient (DQ)
scores in the motor area of children.

Despite these issues, the use of TCS is not highly regulated, unlike
some other organochlorine compounds. This lack of stringent regulation
has led to growing apprehension about its potential impact on human
health and ecosystems, calling for more rigorous monitoring and eval-
uation of its safety [1]. Causality between these xenobiotic and neuro-
developmental disturbances cannot be conclusively assumed. Thus, this
systematic review aimed to verify whether prenatal exposure to TCS
compared to no exposure can cause neurobehavioral impairments,

2. Methods

This systematic review was conducted following the PRISMA 2020
guidelines [10] and is registered on the PROSPERO platform with the
number CRD42024526426. The study focused on observational studies
to answer the question: “Does exposure to TCS during pregnancy lead to
neurobehavioral disorders in children?”.

2.1. Eligibility criteria

This review included observational studies involving pregnant
women who were exposed to TCS during pregnancy. No restrictions
based on language, ethnicity, or publication status were applied. Studies
were excluded from the analysis if they failed to meet the following
criteria:l) clear separation between TCS exposure and other xenobiotics,
2) absence of neurobehavioral assessments related to TCS use, and 3)
absence of assessment of TCS exposure levels during pregnancy.

22 Information sources

For this research, the databases were divided into primary sources
(such as MEDLINE, and EMBASE), secondary sources (including Scopus
and Web of Science), and regional databases (LILACS). Additionally, a
manual search was conducted in the reference lists of the included
studies, expert consultations, and preprint servers such as Biorxiv and
Medrxiv. Furthermore, the CAPES database was consulted to ensure a
comprehensive coverage of available research. The research was carried
out on February 27, 2024 (Supplementary material A).

2.3, Search strategy

The search strategy was developed to target observational studies
pertinent to the research query. Following the PECOS framework [11],
the study question was organized into five components: 1- Population
(P): Newborns and children; 2- Exposure: TCS exposure during preg-
nancy; 3- Comparison (C): Lowest or no exposure during pregnancy; 4-
Chiteome (0): Postnatal neurobehavioral disorders; and 5- Studies (S):
observational studies. Mesh, DeCS, and Emtree descriptors were inte-
grated using Boolean operators "AND" (between categories) and "OR”
(within categories).

Reproductive Toxicology 132 (2025} 108843

2.4, Selection process

Upon retrieval, the studies were imported into both the EndNoted®
(online version) and Rayyan® platforms [12], where duplicate entries
were meticulously eliminated. The selection process was performed
independently by two researchers (ABS and LEWS) using Rayyan,
adhering strictly to the predetermined eligibility criteria for this sys-
tematic review. Initially the studies were selected by reading the title
and abstract, followed by a full text read of those selected. Any dispar-
ities were resolved through consensus meetings involving a third
researcher. The concordance between researchers was assessed using
the Kappa coefficient via GraphPad QuickCales (Graphpad, San Diego,
CA), with a value exceeding 0.60 deemed satisfactory. Disagreements
were resolved by consensus with a third reviewer.

25 Data collection process

Two reviewers independently conducted data extraction from the
included studies. The extracted data included: i) General study charac-
teristics, such as author, year, country, study design, database used,
recruitment period, and participant count; ii) exposure characteristics,
such as the assessment period and sample, analytical methods, and
quantity of TCS; iii) outcome characteristics comprised neurocognitive
outcome subcategories, evaluation period, instruments employed with
their respective scores, key findings, and conclusions. A list of con-
founding factors considered was also extracted. Any discrepancies in
collected information were resolved through consensus among in-
vestigators, with a third party involved if necessary.

26, Study risk of bios assessment

The methodological quality of the studies was evaluated indepen-
dently by two reviewers using an adapted version of the Downs and
Black scale [13,14]. This scale comprises 13 questions that evaluate

internal and external validity as well as reporting patterns. Each item
can be scored as either 0 or 1. The assessment aimed to gauge the quality
of each study [15.16]. Disagreements were resolved by consensus with a
third reviewer (JVMS).

27, Synthesis methods

A qualitative synthesis of the data was conducted, presenting the
information in tables narratively. The results were summarized,
considering the methodological quality and conclusions of each study.
The methodological quality was estimated and classified based on the
following score ranges shown in brackets: excellent quality (11-13),
good quality (9-10), fair (7-8), and poor (<6) [14-16). Due to the
substantial methodological varability and inconsistencies in outcome
measures and exposure assessments among the included studies, con-
ducting a meta-analysis was not feasible. These discrepancies would
compromise the validity and reliability of any pooled estimates, making
it challenging to draw accurate and meaningful conclusions from a
meta-analysis in this context.

Z 8. Certuinty assessment

The data level of evidence was evaluated using the GRADE (Grading
of Recommendations Assessment, Development, and Evaluations)
approach via GRADEpro software [17). This analysis specifically
focused on the outcome of neurobehavioral disorders.
3. Results
3.1, Study selection

Following the database searches, a total of 348 articles were initially
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identified. After removing duplicates, 295 unique studies remained.
Through screening and full-text assessment, 17 studies were selected, of
which four were subsequently excluded (Supplementary Material B).
The remaining 13 studies met the inclusion criteria and were included in
the review. Identification of studies via gray literature screened 38
studies. Of these, three were read in full; one met the established eriteria
and was included, while the other two were excluded for not meeting the
criteria { Fig. 1). Inter-rater agreement among researchers was consid-
ered almost perfect, with a Kappa value of 0.822,

3.2, Study characteristics

Table 1 shows the characteristics of the included studies. The cohort
studies included in this review were published between 2017 and 2023
and recruited participants between 2003 and 2015. Most of the publi-
cations originated from France [5,22-24 27] and the United States of
America (USA) [7.8,19.21], followed by China [9.20,26], and Canada
[18.25). The 14 included studies used various database sources,
including the Health Outcomes and Measures of the Environment
(HOME) dataset [7.8,19,21] (recruitment from nine prenatal care clinics
in Cincinnati between 2003 and 2006); the Sheyang Mini Birth Cohort
Study (SMBCS) [9,20] (recruitment from Sheyang Maternal and Child
Care Center between 2009 and 2010); the Maternal-Infant Research on
Environmental Chemicals (MIREC) dataset [15,25] (recruitment from
obstetric and prenatal clinics of ten cities between 2008 and 2011); the
Etude des Déterminants pré et post natals du développement et de la
santé de I'Enfant (EDEN) dataset [22.27] (recruitment from obstetric
departments of Nancy and Poitiers university hospitals between 2003
and 2006); the French Assessment of Air Pollution Exposure during
Pregnancy and Effect on Health (SEPAGES) dataset [5,23] (recruitment
from eight obstetrical ultrasonography practices in the Grenoble
metropalitan area between 2014 and 2017); the Human Early-Life
Exposome project [24] (HELIX, recruitment from six established
population-based cohorts across Europe between 2003 and 2009); and

the longitudinal prenatal Wuhan eohort [20] (LPWC, recruitment from
Wuhan Women and Children Medical Care Center between 2014 and
2015). The sample sizes of pregnant women and child pairs ranged from
193 to 794,

3.3. TCS exposure

Table 2 presents the characteristics of TCS exposure in the included
studies. The period of TCS exposure evaluation varied across studies,
with samples taken during different weeks or trimester of pregnancy and
at delivery. Most studies assessed TCS exposure during mid-pregnancy
(14-26 weeks) [5,7,8,18-23 27], while a few studies focused on early
pregnancy (0-13 weeks) [18,20,25] and late pregnancy (27 weeks to
delivery) [5,20,22 23 27, Five studies assessed TCS exposure on the day
of birth (post-pregnancy) [7.9.21,26].

All included studies used urine samples for detecting TCS levels by
GC-MS/MS (4), LC-MS/MS (5), and HPLC-MS/MS (5). Creatinine was
used as a normalizing factor for urine dilution. The TCS levels were
described during the first (T1; 0-13 weeks), second (T2; 14-26 weeks),
and third (T3; 27 weeks to delivery) trimesters and at delivery. The 50th
percentile values for Tlranged from 0.63 ng/mL to 9.29 ng/mL, based
on three studies [18,20,25]. For the T2, the median values ranged from
0.40 ng/mL to 28.2 ng/mL. During the T3, the median values ranged
from 0.45 ng/ml to 28.2 ng/mlL, based on five studies [5,20,22 23 27).
At delivery, the median values were 0.87 ng/mL and 1.02 ng/mL, based
on two studies (9,261,

34 Newrocognitive deficit

Table 3 displays the neurobehavioral disorders evaluated in the
included studies. The outcomes evaluated spanned several domains,
including cognitive abilities [8,158-22], executive function [18,1922,
23], attention and behavior disorders [7,9,158,22-24), emotional and
social function [5,7,9,18.22-24], cognition and social communication
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Fig. 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flow diagram.
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Table 1 Table 2
Characteristics of the included studies (n = 14). Characteristics of the triclosan (TCS) exposure in the included studies (n = 14).
Author, Study Seudy Recruitment period Number of Authar, Exposure re TCS amalysis  TCS
Vear, design database / Location participants Year asgessment sample’ n'of  method/ concentration
Country {women / samples per Biomarker
children) subject
Alampi Cabort MIREC 2008-2011 / 47E /478 Alaupd TLE-13w) Urine / cme GC-MS/MS;  TCS (ng/ml) PE
et al, shudy Obstetric and prenatal et al, - 25/MDVT5,/95
021, clinies of ten cities 21 2629 20/
Canada 97_2/569.
Braunet al., Cohart HOME 2003-2006 / nine 198 7 198 IQR:94.58
2017, study prenatal care clinics in Braun T2{16w e Hw] Urinse / twor L~ MS/MS; TCS (ug/g CC)
usa Cincinnati et al, CC, CoT PE 5/25/MDy
Etzel et al., Cohort MIREC 2008-2011/ Obstetric 704 / 704 27 75,/95:
2018, shudy amd prenatal clinics of 26/B1/18/M4/
Canada ten cities 307. HQR:=35.9
Guilbert Cohort SEPAGES 2014-2017 / eight 416 / 416 Eteletal,  T1.T2 [AVR Uriine / one GC-MS/MS; 8B ng/mlL
et al, shudy obstetrical 18 12w} oc (MDY} IQR:
2021, ultrasonography 104.5 ng/ml
France practices in the Guilbert T2-T3 Urine / HPLC- M5/ TCS (ng/mL) PE
Grenoble et al, (16-1Bw; forty-two MS; 33/MD/ 66
metropalitan area w21 32-35w) - 1.52 ng/ mL
Guo et al., Cohort SMEBCS 2009-2010 / Sheyang 386 / 386 (GH)
2020, study Maternal and Child 061,103,184
iChina Care Center Gueo et al., ATD Urine / one GC-MS/MS; ULDJ: 0.54 ngs
Guo et al., Cohort SMEBCS 2009-2010 / Sheyang 377 /377 w20 = mlL (M), IQR:
2020, shudy Maternal and Child 1.53 ng/mL
China Care Center ADJ: 087 ngs
Jackson- Cabort HOME 2003-2006, nine 188 / 198 mlL (MD). IQR:
Browne study prenatal care clinics in 244 ng/ml
etal, Cincinnati Gua et al, ATD Uriine / one GC-MS/MS;  UDRDES ng/
2018, 20 cc mlL [(MD). IQR:
usa 1.9% ng/mL
Jackson- Cabort HOME 2003-2006 / nine 202 /202 ADJ: 102 ng/
Browne study prenatal care clinics in mlL (MD]. IQR:
etal, Cincinnati 4.42 ng/mL
2019, Jackson- T2 (16w and Uriine/ two LC- MS/MS;  TX 23 ng/ml
UsA Browne 26 w) = (MDY IgR:
Jackson- Cahart HOME 20032006 / nine 193 /153 etal, 65.5 ng/mL
Browne study prenatal care clinics in 208 T 16 ng/mL
etal, Cincinnati (MDY IgR:
020, 36.4 ng/mlL
UsA Jacksan. TZand PD 16w Urine / twia LC- MS/MS; 17 ng/ mL
Jedynak Cahart HELIX 20(03-2009 ¢ Puldic TOE/ 708 Browne & 26w} cC (GM). GSD: 3.6
etal, study BB/ hespitals, maternity etal, T218 rig/ml
2021, EDEN/ wards, health centers 219 (MD). IQR:
France INMAS and eclinics 65.5 ng/mL
KANCS T313 ng/mL
Mola/ {MD). 1gR:
RHEA) 36.2 ng/mlL
Jang etal,  Cobort LPWC 2014-2015 / Wuhan 47E / 478 Jacksan- TZand PD (16w  Urine / twa LC- MS/MS; 17 ng/ mL {GM)
2019, study Women and Children Browne & 26w} CC, CoT TZ17 ng/ml
China Medical Care Center etal, (MDY IgR:
Mustieles Cahoart SEPAGES 2014-2017 / eight 406 / 406 20 595 ng/mL
etal, study obstetrical T3:12 ng,/mL
2023, ulirasonography (MD). IQR:
France practices in the 34.4 ng/ml
Grenable Jedynak NR Urine / ome LC- MS/MS; TCS (ug/g OC)
metropalitan ans et al., oo 15.9 (MDL IQR:
Nakiwala Cahart EDEN 200032006,/ Obstetric 4527452 w21 9.2
et al, study departments of Nancy Jiang et al., T1, TZand T3 Urire / three  HPLC- M5/ TCE (ng/mlL)
2018, amd Poitders university 219 (T30 % 1.2 M5; TL/TZ/TIMD
France hspitals w), THZI6 = cC (PE 25/75):
Philippat Cahart EDEN 200032006,/ Obstetric 546,546 3.4 w)and T3 TL:LEH015S
ot al study departments of Nancy (361 £ 3.3 w)) 2.08). IQR:1.93
2017, and Poitiers T2040{0L0R/
France University hospitals L64) IQR:1.56
—— - - - TROAS0L07/
EDEN: Efude des Determinants pré- af posmatalsprécoces du développement et de o 172} IQR:1.65
santé de |"Enfont; HELIX: Homan Early Life Exposome; HOME: Health Outcomes AVR (T1,T2,
and Measures of the Environment; LPWC: Longitudinal prenatal Wuhan cohort; TH):0. 430012/
MIREC: Maternal-Infant Research on Environmental Chemicals; SEPAGES: 1.58]. IQR:1.26
French Assessment of Air Pollution exposure during Pregnancy and Effect on Mustivkes T2T3 Urine / HPLC- M5/ TCS (ag/mL) PE
Health; SMBCS: Sheyang Mini Birth Cohort Study. et al., [16-1Ew; Forty-twa M5; 25/MD/T5 on
23 I1-TFw) - TZTE
TZ045/0.92/
225 IQR:1.84

[cantinued on next page)
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Table 2 {continued )
Author, Expasure Expasure TCS analysis  TCS
Year AsgesmIent samples n"af methiod /S comrentration
samples per Biomarker
subject
T3:044,/0.84/
2.08. IQR:1.64
Nakiwala T2-T3 Urine / one HFPLC- M5/ TCS [ng/mLk
etal, {22-29w) Ms; PE 5/MD/95
2018 (= = 2.3/25.6,/601
Philippat T2-T3 Urine / one HFPLC- M5/ TCS [ng/mLk
etal, (22-29w) M5 PE 33/MD/G6
7 o 7.09/28.2/99.F
GM:23.7

“ Value corrected by level of creatinine. ADJ: Adjusted; ATD: At delivery day
(within 24 hours after delivery); AVR: Average; OC: Creatinine concentration;
COT: Cotinine concentration; PD{within 48 hours after delivery): Post delivery;
T1: First trimester ((-13 weeks); GC: Gas chromatography; GM: Geometrie
mean; GSI: Geometric standard deviation; HPLC: High Performance liquid
chromatography; IQR: Interquartile range; LC: Liquid chromatography; MD:
Median; M5 Mass Spectrometry; NR: Not report; PE: Percentiles; T2: Second
trimester (14-26 weeks); TCS: Triclosan; T3: Third trimester (27 weeks to de-
livery ), UDJ: Unadjusted; W: week.

[5,18,25), mator function [20,26), language development [20,23,26],
and social development [20.23,36]. Additionally, two studies evaluated
general measures of difficulties [9] and adaptive function [20] with
different tests. The instruments used were heterogeneous. The most
frequent cognitive test employed was 5RS-2 [5,18,25] and SDO
(Strengths and Difficulties Questionnaire) [9,24.26], followed by
WPPSL-1I (Wechsler Preschool and Primary Scale of Intelligence - Third
Edition) [18,22] and BASC-2 (Behavior Assessment System for Children
- Second Edition) [7,18]. NEPSY-II (Neuropsychological Assessment -
Second Edition) [18], BRIEF-P (Behavior Rating Inventory of Executive
Function - Preschool Version) [18], WISC-IV (Wechsler Intelligence

Scale for Children - Fourth Edition) [19], GDS (Griffiths Development
Scales) [26], BSID (Bayley Scales of Infant and Toddler Development)
(200, WRAT-4 (Wide Range Achievement Test - Fourth Edition) [21],
CBCL (Child Behavior Checklist) [ 23] and VMWM (Virtual Morris Water
Maze) (8] were used in one study each. The most frequently evaluated
age was three years [5,18,24-26], followed by eight [7,8,19,21], four
[18.25], five years [22,27] and seven [24].

Four studies suggested a potential association between prenatal TCS
exposure and neurobehavioral or neurodevelopmental deficits (57,23,
27], such as externalizing problems, attention issues, hyperactivity,
somatization, emotional symptoms, social awareness, and communica-
tion. Guo et al. [26] and Jackson-Browne et al,,[ 7] suggest that boys are
muore vulnerable to behavioral disturbance induced by TCS. Notably, all
four studies that reported adverse associations [5,7,23,27] were classi-
fied as having high methodological quality, strengthening the evidence
of potential adverse effects. However, nine studies found no significant
effect of prenatal TCS exposure on neurobehavioral domains (8.9
18-22,24 25]. Table 4 shows the main confounding factors of the
included studies in this systematic review.

3.5. Risk of bios in studies

The analysis of the methodological quality of the included studies
shows that four stodies [9,18,24,26] are of excellent methodological
quality, obtaining a score greater than 11 points. Ten studies (5,78
19-23,25,27] had good quality, and no study had fair or poor quality
(Supplementary material C). The use of the SRS-2 questionnaire might
overestimate autistic behaviors in children with lower 1Q scores or
behavioral disorders, impacting the accuracy of reported outcomes.
Participants in the MIREC study, who were wealthier and more likely to
be white, may not adequately represent the broader Canadian popula-
tion, affecting generalizability. The small sample size in the HOME

Reproductive Taxicology 132 (2025) 108849

cohorts can introduce biases, reducing statistical power. Gestational
exposure measurements were taken at different periods, potentially
missing critical developmental stages effects. The assessment of multiple
toxicants could confound results, and the short half-life of TCS is
particularly important in this context. As TCS is a non-persistent
chemical, its short half-life generally results in attenuation bias and a
tendency toward null results. This implies that the effects of early-life
exposure to TCS are more likely to be underestimated rather than
overestimated, impacting the interpretation of outcomes. Differences in
outcome assessment tools and selection bias, influenced by household
income, potentially introduce bias due to socioeconomic disparities.
Maternal education disparities between retained and lost-to-follow-up
subjects are noteworthy. Exposure misclassification and attenuation
bias resulting from single spot urine samples for exposure character-
ization are additional concerns.

3.6, Certainty of evidence

The outcome evaluated in this systematic review had overall cer-
tainty of the evidence classified as low (Supplementary material D).

4. Diseussion

This systematic review found limited evidence on the effects of
prenatal exposure to TCS on neurobehavioral outcomes. Out of the 14
studies included, only four suggested a possible link between prenatal
TCS exposure and neurobehavioral or neurodevelopmental impairments
[5,7.23,27], In general, the certainty of evidence was low, however, it is
important to note that the four studies that associated prenatal TCS
exposure to neurobehavioral or neurodevelopmental impairments were
classified as high methodological quality. The difference in the conclu-
sion of the studies is due to the methods employed, such as the age at
which cognitive function tests were administered, the sample size,

temporal urinary sample collection, and statistical analysis. Also, given
the existing toxicological support from animal studies, such as those
conducted in rodents that demonstrate neurodevelopmental effects
[28-30], and the adverse outcomes reported in the human literature

reviewed | 31-33], more studies are needed to achieve a more definitive
conclusion on the impact of prenatal TCS exposure on neurobehavioral
development.

Legislative measures vary across countries regarding permissible
limits for TCS usage [34,35]. In Canada, TCS is allowed in concentra-
tions of up to 0.03 % in mouthwash and 0.3 % in other cosmetic prod-
wcts [36]. Similarly, in China, the maximum permitted TCS
concentration in soaps, deodorants, and aral care products is 0.3 % [37).
The European Commission allows TCS concentrations up to 0.3 % in
personal care products and 0.2 % in mouthwashes [38,39]. Japan has
set a stricter limit, reducing the allowable TCS concentration in cosmetic
products to 0.1 %. In contrast, the USA Food and Drug Administration
banned TCS in over-the-counter antiseptic wash products in 20016 [37).
This difference in regulation among countries is not directly reflected in
the studies included. The Chinese cohorts [9,20,26] have lower TCS
levels than the USA cohorts [7.8.19.21). The TCS levels in the Canadian
MIREC cohort were lower than the USA HOME and France EDEN co-
horts, but higher than the levels found in the France SEPAGES cohort.
These differences may occur due to consumption habits, the enforce-
ment of regulations, the prevalence of products containing TCS in the
market, the methodology used to measure TCS exposure in the cohorts,
and the variation in recruitment locations, even among cohorts within
the same country.

Other studies also show differences in TCS exposure between coun-
tries. Liao and Kannan [40] showed that dermal intake of TCS among
USA women was approximately four times higher than Chinese women,
with a daily dermal intake difference of 678 ng/day versus
15.9 ng/day. This disparity was primarily attributed to the use of body
lotions and face creams. Field measurements from a Swiss wastewater
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Table 3
Neurobehavioral disorders evaluated in the included studies. Period of evaluation, instruments used, results and conclusion (n = 14).

Authar, Outcomes evaluated (Child) Period of Instruments  Measurement of resulis ~ Main result Conclusions

Year evaluation (Scores)

Alampi Emotional and Social Function and ~ Jy—dy SRS-2 P95 WCT) SRS TCS showed no significant Neurabehavioral asperts
etal, Cognition and Social Distribution: i (0.2, changes on SRS scores. were not linked o urinary
2021 Communication 0.2) TCS oncentrations

ASD behaviors SRS Full sample (ng/mL) measured during
FLD/PQD: 0.930/0.0%6 pregrancy.

Braun Cognitive abilities 8y YMWM latency to complete the TCS did not affect VMW MNeurobehavioral aspects
et al, spatial learning skills and spatial VMWM: p = 046 performance, were nol linked b urinary
a7 memary distance to complete the TCS concentrations

VMWM: p = 0.28 measured during
prabe trial me: p = 049 pregraney.

Ezel etal.,  Cognitive abilities (Q1)- FSIQ/PIQ/ Iy-Ay KEPSY-II BASC-2 Summury scales A 10-fold increase in TCS Neurabehavioral aspects
01E Vi WPPSLII P05 ST was associated with a were not linked o urinary

Executive function EBRIEF-P ESL —-0.3/-0.7, 0.2 reduction in extermalizing TCS concentrations
working memory, BASC-2 EE: 0.5/ -1.1,0.0 and hyperactive behayiors, measured during
plan/organize subscales, SRS-2 IB: —0.27 —0.9.0.4 suggesting a potential pregrancy.
Artention and Behawior Disorders BASC—-2 Clinical scales pasitive effect.
ADHD, /95 WOl
Emuotional and Social Punction HE -0.6/-1.2,-0.1
ASD (affect recognition], AG: -0.3/ -0.9,0.3
atbention, atypicality, aggression, AN: 0.2/ -05,09
amxiety, depression, hyperactivity, DE: —0L3/-0.9,0.3
somatization, and withdrawal, SOM: -05/-1.1,0.1
Cognition and Social AT: 0.0 —0.5,0.6
Communication WITH: 0.1/ DOEDS
social cognition, ATT:0.1/-0.2,0.3
social communication, social EBRIEF-P /95 %l
awareness, social motivation and WM: -0.3/-1.0,0.4
restricted interests and repetitive PAD: -0.4/-1.1,0.3
behaviars WPPSI-II Summiary
seales [L/95 HCL:
FslQ: 0.1/ -1.21.1
VIQ: 0.6/-0.5,1.8
PIQ: —0.8/-21,0.6
WPPSI-III Sublests
/95 WeCL:
VO 01/ -0.1,04
ED: -0.1/ -0.3.0.2
N:0.1/-0.1,0.3
OBD: —0.2/-0.4,0.1
OBD: —0.2,/-0.4,0.1
P 020005
SRS—2 {95 %l
TD: —0.2/-0.7,0.3
SA:—0.2/00,0.4
S 0.1/-04,0.6
SCOM: —04/-0.9,001
SM: —0LL/-07,0.5
RES: —0.1/-0.6,0.5
DSM Social: —0.2/
-0.7,03
DEM RES: —0.1/-0.6,0.5
NEPSY [,95 %Cl: Affect
Recognition: 00/
-0.2,02
Guilbert and Social F i 2y CEBCL EB CBCL ™ (85 %C1): TCS were associated with Neurobehavioral aspects
etal, emotional symptoms, problems with 0.27 (—0.10, 0.63) incrensed externalizing weere linked to urinary TCS
2021 peers, 1B CRCL ﬂ.' (95 WCI): seores in girks. concentrations measured
Social development 0.02 (—0.25, 0.29) during pregnancy.
Social Interest and Engagement,
Respanse b Social Stimuli
L and C Beati
Social Interaction and Mon-Verbal
Communication
Attention and Behavior Disorders
Conduct problems, Hyperactivity and
imagtention
Executive function
Planning and organization skills
Guo et al. i and Social Fi i 10y SDQ DRSS %l for ES/CPY Mo association was Nenrobehavioral aspects
2020 emotional symptoms, prosecial HL/PF/PE/TD observed between urinary weere not linked o urinary

behaviae, peer problems

Attention and Behavior Disorders
oonduct problems, hyperasctivity/
inattention,

ES:0.89 [0.57,1.38)
CP:0.95(0.67,1.35)
HEQ9F(0.77,1.21)
PP-093{0.77,1.23)

TCS concentrations and
D) scores.

TCS concentrations
measured during
Pregoancy.

[continued on next page)
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Table 3 (conninued )
Authar, Outcomes evaluated (Child) Period of Instruments  Measurement of results  Main result Conclusions
Year evaluation [Soores)
General Measure of Difficulties PE: 1.20(0.94,1.53)
total difficulties TO:1. 200050, 1.600

Guoetal,  Motor Function 3y GDS €AQ 1,2,3,4 [ (95 %C) Pastnatal urinary TCS Neurabehavioral autcomes

2020 1ift beead, rall over, sit, crawl, stand, for MASADA/LA/SOCAS concentrations were were assoriated with higher
walk and manipulate objects AA inversely associabed with mater sooves in relation o
Adaptative function C: 028 (003, 0.54) 011 DX scores in the social area prenatal urinary TCS
Self-care, Communication, Social {—0.18, 0400 / 0.29 among 3-year-old boys. comcenirations.
Skills, Functional skills {-0.07, D.66) / 0.10
Language and Ci et {—0.17, 0.36) / 0.29
Expressive Language Development, {—0.03, 0.6Z)

FReceptive Language Development, Q1:Ref
Social Interaction and Mon-Verbal QX 049 [—0.44, 1.42) /
Communication, Pragmatic 0.67 (-0.37, 1.71) / 043
Development {—0.91, 1.77) / 0.34
Social Interaction and {—0.63, 131} / 0.70
Relationships Initiating Social {—0.48, 1.89)
Contact, Participating in Sacial Q3 0.25 (-0.68, L18) /
Activities, Developing Relationships, 033 {-0.71, 1.36) / 043
Conflict Resolutiom, and Mediation {—0.90, 1.76) / 0.39
Skills {—0.57, 1.35) / 0.31
{—0.87, 1.49)
Qi 0.91 [—0u03, 1.86) /
100 (—0.05, 2.04) / 1.38
{0.03, 2.74) / 0.85
{—-0.12, 1.83) / 0.7B
{—0.41, 1.98)

Jacksom- Cognitive abilities global cognitive 8y WISC-IV FRIQVCPR/PSMWM ar At B years of age, this cohart Neurobehavioral aspects
Browne abilities; 16 W/26 W showed significantly lower were not linked to urinary
etal, verbal abilities; Falg:-0.5(-3.222)/ cognitive test scores linked TCS cancentrations
2018 perceptual reasoming and organizstion —04(-31,24) o urinary TCS measured during

skills; VO 03-2.4 30021 ations d ar ¥
Executive function {—0.3.4.5) delivery.
speed of mental and motor processing; PR:—0LL[—2825)/06
working memory {—3.524)
PS: 0.7(-23,3.6)/-1.1
(-4.321
WM:-2.5(-5.5,0.4)/
~2.5(-5.4,0.3)

Jackson- Emotional and Social Punction 8y BASC-2 BSU/EB/IB/AG/AN/ATT/  In boys, TCS exp was aspects
Browne atypicality, depression, anxiety, AT/CP/DE/HI/SON/ linked to increased scoresin -~ were linked to urinary TCS
etal, somatization, withdrawal WITH ioral symptom index, i
2019 ion and e i BSL 16(-08,4.1) i during y with

aggression, attention problems, EB: 1.9 (-0.7,4.5) attention issues, elevated behavior problem
hyperactivity, and conduct problems 1B: 0.4 (-2.0,29) hyperactivity, and scores in bays, but not in

AG:1.1(-1.7,39) somatization. girls.

AN: 0.2 (-2.6,3.0)

ATT:2.5(-0.5,5.6)

AT: 1.7 (-14,47)

CP:1.2(-1.8,4.2)

DE: 0.7 (- 1.6, 3.0)

HE 2.8 (0.3,5.3)

SOM: 0.1 ( 2.8,3.0)

WITH: -1.4 (-4.4,1.6)

Jackson- Cognitive abilities 8y WRAT-4 (95 %CI) RC/Math at The timing of beh 1 aspects
Browne word reading, sentence 16/26w: modified the associations were not linked to urinary
etal, comprehension, math RC: ~1.2(-3.8,1.4)/ 1.4  between TCS and reading TCS concentrations
2020 (-13,42) composite scores, but not measured during

Math: -0.9 (-3.5, 1.7)/ math scores. A tenfold pregnancy.

0.7 (-1.8,3.1) increase in TCS
concentrations at delivery
was associated with lower
reading compasite scores.
Additionally, weaker and
less precise inverse
associations were observed
between math scores and
TCS concentrations at
delivery and at age 1 year.

Jedynak Emotional and Social Function: 37y SDQ IRR EB(95 %CI):1.03 No association was Neurobehavioral aspects
etal, Emational symptoms and peer (0.93;1.12) observed between urinary were not linked to urinary
2021 problems, prosocial behavior IRR IB(95 %CI): 1.08 TCS and SDQ scores. TCS concentrations

jon and ior Disord: (0.96;1.21) measured during
Conduct problems and hyperactivity/ pregoancy.

inattention.

(continued on next page)
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Table 3 (comninued )

Author, Duteomes evaluated (Child) Period of Instruments  Measurement of results Main result Conclusions

Year evaluation [Scores)

Jangetal,  Cognitive abilities 2y BSID-CR BI95 %O MDI: —0.56 Ny 3 fations vioral aspects
19 Visual Perception and Discrimination, {—1.35,0.24) were were not linked b urinary

Problem Solving, Expleration and P95 W) POE —0.47 obierved between the TCS concentrations
Interest in the Environment, Memary, {—1.09,0.15) average prenatal TCS measured during
Imitation, Selective Attention, exposure and BSID resules. pregrancy.
Language development

Verbal Comprehension, Verbal

Expression, Grammatical

Development, Pragmatic

Development, Pre-Language

Development

Social development

Sorial Interest and Engagement,

Response to Social Stimuli, Intersction

with Examiner, Gaming Behaviar,

Motor function

gross mobor skills (crawling, sitting,

walking); fine motor skills (Bolaion of

fingers, grasping)

Mustieles Emaotional and Social Function Ay SRS-2 P95 WCT) in second Daubling urinary Neurobehavioral aspects
ool Sorial Awareness, Social Cognition, trimester for TS/ SA/S0/ concentrations of TCS was were linked o urinary TCS
023 Social Communication, Social SCOM,/SM/RRB: linked to higher total SRS comeentrations measured

Motivation, and Restricted Inberests TS0 20— 022 0.65) SCOTEE during pregnancy with
and Repetitive Behaviors (RREs); SA0.07(—-0.020.16) worse childhood social
ASDs SCAO.0-0.11,0.11)7 status
Cognition and Social SCOM:0.06{ -0.11,0.22)/
Communication SM0L0H—0.04,0.21)
ASDs, RREB:0.00(—0.10,0.10)
Social Communication and Intersction P95 %CI) in third
{SCIy irimester for TS/ SA/SC/
SN S8 HRE:
Th: — 036 0,81 001007
S 008 [~ 12007
ST OO 0,21, 0002)
SN - 00
[ —1n.23,0011)/SM: 0.0
(—10.21,0005)/REE:.-0.10
(—1h.20,0.00)

Nakiwala ve abilities 56y WERSLNL VI 1795 RO PIG TC% did naot exhibit Meurobehavioral asperts
et al., Verbal 15); information, vocabulary, 55 36 evidence of an iovers= were not linked to urinary
018 word reasaning, OL10 ¢ [OU00E0 19a] # association with verbal and TCS concenirations

Executive function OLO0F/ [~ 111;0.125] performance K follovwing measured during
block design, matrix reasoning, In-utere exposure pregrancy.
plcture concepts subtest and coding

Philippat Antention and Behavior Disorders Iy S0y EDEN 3 ¥ IRRA5 %0 for  TCS iended to be assoclated  Meurobehavioral aspects
eial, canduct problems, S5y ES/CF/PRF/HL/FB/ER/ with emotional sympeom were linked to urinary TCS
T byperactivity—inatiention, prosocial B subscales at both 3 and 5 y, concenirations measured

bebanvior, externalizing behavior
Emotional and Social Funcilon
internalizing behavior

peer relationship problems, emotional
sympams

E01.02/(1.00,1.04)¢
CE1.O141.00,1.08)
FRPCLO0/ (094, 1.03)/
HI=1.01,/(1.00,1.08)
FHLAN /099, 103
ERL00C100,1.08)
RB1.00, 0%, 1.03)
EDEN 5 y IRR95 %L1 for
ES/CP/PRE/HLFE
ES:1.01,70.99,1.03)¢
CPL D009, 102
PRI

L0/, 1.04)
=000/ {00 98, 1.0
FHa0.99 (0,97, 102
EE100/(0.98,1.02)
B0, {0, 1.003)
SIM) 3 y IRR/95 %01 for
ES/CR/PRF/HIPB/ERS
B

ES:1.13/(0.98,1.30)
CPL 18001 380
PRP:L10/00.95,1.28)/
HI=1.00/(0090,1. 18
FH:1.13/(0.98,1 300
EELOEA0L95,1.23)
1B-1.06,10095,1.24)
SIM) 5 y IRR/95 501 for

8D} sroes at 3 y with [RRs
closer o 1 than thase
ohserved for BPA

during peegnancy
associated negatively with

emaotional sympeom
subsrales

Franriniesd o nevr resas]
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Table 3 (consinued )

Authar, Outcomes evaluated (Child) Period of Instruments  Measurement of results  Main result Conclusions
Year evaluation (Scores)

ES/CP/PRE/HLPB/ER/

B

ES:1.15/(0.99,1.33)/

PRP:1.17/(0.99.1.39)/
HE1.01,70.88,1.16)/
PB:0.99/(0.85,1.16)
EB:1.00,/(0.88,1.15)/
1B:1.11,/(0.97,1.28)

Af: Average area; ADA: Adaptative Area; ADHD: Attention-deficit hyperactivity disorder; AG: Aggression; AN: Amdety; ASD: Autism spectrum disorder; AT: Atypi-
cality; ATT: Artention; fi: beta; BASC-2: Behavior Assessment System for Children, Second Edition; BD: Block Design; BPA: Bisphenol-A; BP-3: Benzophenone-3; BRIEF-
F: Behavior Rating Inventory of Executive Function - Preschool Version; BSID-CR: Bayley Scales of Infant Development Chinese Revision; BSI: Behavioral Symptom
index; BWQS: Bayesian Weighted Quantile Sum; CI: Confidence intervals; CP: Conduct problems; CAQ: Continnous,/Quartiles; DE: Depression; DQ: Developmental
quotient; EB: Externalizing behavior; EDEN: Eiude des Déterminanis pré et post natals du développement ef de la santé de I'Enfant; ES: Emotional sympioms; FDR: False
discovery rate; FSIQ: Full Scale 1Q; GDS: Gesell Developmental Schedules; HI: Hyperactivity/inattention; IB: Internalizing behavior; IN: Information; 1Q: Intelligence
quotient; IRR: Incidence rate ratio; LA: Language area; MA: Motor area; MBzP: Monobenzyl phthalate; MDI: Mental developmental index; MEP: mono-ethy] phthalate;
MnEP: Mono-n-butyl phthalate; MP: Methyl paraben; NEPSY-II: Nearopsychological Assessment, Second Editon; OBD: Object Design; OR: Odds ratio; PB: Prosocial
behavior; PC: Picture Completion; PD: Psychomotor development index; PIQ: Performance [0y PLD: p linear deviation; P/0: Plan/Organize; PQD: p quadratic devi-
ation; FP: Peer problems; PR: Perceptual Reasoning; PRP: Peer relationship problems; PS: Processing Speed; RC: Reading Composite; Ref: Reference quartile; RES:
Restricted; RRB: Restricted Interests and Repetitive Behaviors; SA: Social awareness; SC: Social cognition; SCOM: Social communication; SDQ: Strengths and Diffi-
culties Questionnaire; SM: Social motivation; SOM: Somatization; SRS-2: Social Responsiveness Scale Second Edition; TCS: Triclosan; TD: Total difficulties; TS: Total
seore; WC: Verbal Comprehension; VIQ: Verbal I VWM Vimual Morris Water Maze; VOC: Vocabolary; W: Week, WISC-IV: Wechsler Intelligence Scale for Children,
4th edition; WITH: Withdrawal; WM: Working memory; WPPSI-IIl: Wechsler Preschool and Primary Scale of Intelligence, Third Edition; WRAT-4: Wide Range
Achievement Test-4; ZDEHP: 2-ethylhexyl phthalate; 4-0H-BP: 4-hydroxybenzophenone

Table 4
Confounders factars of the included studies (n = 14).
Author, Year Parental and Child D i i i Envi Factors Health Conditions Dirug Use/expesure or
Status supplement consumplion
Alampi et al., Child's sex, Maternal ethnicity, Household income  Caregiver environment . Folic acid supplementation
021 Maternal age, Mother's education score, City of residence
Farity, Marital status
Braun et al., Child's sex, Maternal and child age,  Househald . Materrsal depressive symptoms Vitamin supplementation
27 Mother's education, Marital skatus, Income,
Race, Parity Employment
Etrel et al., Parity, Maternal cace, Maternal age,  Housshold . Parental stress, Maternal depressive Aleabel, smoaking
W18 Mother's education, breastfesding  income, sympoms
duration Emplayment
Guilbert et al., Parity, Child's sex, Mother's Mother's - BMI, Anviety, Maternal depression Vitamin supplementation,
g § education, Breastfesding duration employment Smoking
situation
Guo et al., Maternal age, Mother's education,  Pamily annusal . BMI, Depression af the caregiver Passive smokdng
2020 inome
Guo et al., Child's sex, Maternal and child age,  Family anmual Timie spent playing EMI Passive smoking
2020 Muother's sducation inoome: outdoors
Jacksom- Child's sex, Child's race /ethnicity, Family income Caregiver environment FsIQ Passive smoking
Browne Mother's sducation, Marital states, ar 1 year of age
etal, 2018
Jackson- Child's gex, Child"s rece /ethnicity, Housshaold income - Maternal depression, ADHD behaviors Passive smoking
EBrowne Mother's education, Marital statis
et al, 2019
Jackson- Child's sex, Race/ethnicity, Househald income - Maternal and children's 10
Browne Mother's eduration, Marieal status
et al., 2020
Jedynak et al,  Parity, Child's sex, Mother's Mother's Season of cosception BMI Active smoking
2021 education, Maternal age, Child age  employment
at 8D, Cohart situation
Jiang et al., Chikd's sex, Maternal age, Mother's - - EMI Passive smoking
019 education
Mustieles et al,  Parity, Child's sex, Maternal and Family Caregiver smviromment BMI, Anxisty, Maternal depression Active smoking, passive
2025 child age, Mother's education, environment until 1 year of age smaking
Nakiwalaetal,  Maternal and child's age, Parity, Maonthly Recruitment center, Maternal psychological difficulties, Smoking
2018 Farental i H income Maternal depression, Anxiety, BMI,
duration Child cognitive stimulation
Philippat et al,  Parity, Maternal and child's age, Houschold income  Recruitment center Materral psychalogical difficulties, Smoking
o7 Parental education, Breastfesding Maternal depression, Anxiety, BMI
duration

ADHD: attention deficit hyperactivity disorder; BMI: Body mass index; FSIQ: Full-scale 1Q; 1Q: Intelligence quotient

51



A.B. Santana ef al.

treatment plant highlight notable differences in TCS levels in influent
(incoming wastewater) and effluent (treated water) between the USA
and Canada. In the USA, influent TCS levels range from 2.70 to
26.80 pg/L, while they are much lower in Canada, ranging from 0.01 to
4,01 pg L. Similarly, effluent TCS levels in the USA range from 0.03 to
2.7 pg/L, compared to 0.01-0.324 pg/L in Canada [1).

The median TCS levels during pregnancy reported in the studies
included ranged from 0.40 ng/mL to 28.2 ng/mL in urine. It is impor-
tant to note that the limited number of spot urine samples for TCS
exposure assessment can lead to inaccuracies due to the short half-life of
TCS, which only reflects recent exposure [41]. Although continuous
biomonitoring is necessary for a full characterization of TCS exposure,
which involves multiple urine samples analysis from the same individual
at several times, this procedure has economic constraints, Future studies
should implement serial urine sampling with larger and more diverse
cohorts to reduce misclassification and enhance generalizability [21.
22]. Notably, Mustieles et al. [5) avoided this issue by asking pregnant
women to collect three urine samples per day (morning, midday, and
evening) for seven consecutive days, twice during pregnancy, providing
a more accurate assessment of TCS exposure. The study by Smith et al.
[42] suggests that a single urine sample can be reasonably adequate for
evaluating phenolic compounds, even with one sample.

Additionally, a significant limitation of this waork is its exclusive
forus on prenatal exposure to TCS. While this approach provides valu-

able insighis into the impacts of exposure during critical developmental
windows, it does not capiure the broader effects of early-life exposure,
including preconception and posinatal periods. During the literaiure
search, we identified studies suggesting that postnatal exposure may
also play a significant role in neurodevelopment. For instance, Jackson-
Browne et al. (2019) reported that exposure at delivery was associated
with poorer neurodevelopmental outcomes, particularly in boys [7].
Similarly, Mustieles et al. observed that exposure during infancy (1 year)
was linked to adverse neurodevelopmental effects [27]. Additional
studies also emphasize the role of early-life exposure to environmental
toxicants in general, indicating that the postnatal period constitutes a
critical window for neurodevelopmental vulnerabilities. For example,
Sotelo-Orozeo et al.  highlighted that childhood exposure to
endocrine-disrupting chemicals, including TCS, could interfere with
cognitive and behavioral development [43]. Moreover, Kim et al
demonstrated that postnatal exposure to endocrine-disrupting com-
pounds, including phthalates, bisphenol A, triclosan, parabens, and per-
and polyfluoroalkyl substances, independently and synergistically affect
maternal postpartum depression and infant neurodevelopment [44).
These findings collectively underscore the importance of considering
early-life exposure comprehensively, encompassing preconception,
prenatal, and postnatal periods. Future research should aim to address
these broader exposure windows o achieve a more holistic under-
standing of the newradevelopmental risks assoriared with TCS exposure.

Related to neurobehavioral disorders, five of the included studies
have identified associations between TCS exposure and neurobehavioral
outcomes [5.7,23 26 27], Guo et al [26] found associations with DQ
scores in motor skills, while Jackson-Erowne et al. [7] reported
increased attention, hyperactivity, and somatization scores in boys
associated with higher TCS levels. Mustieles et al. [5] also observed
worse social behavior linked to increased TCS exposure, and Philippat
et al. [27] found associations with conduct problems. However, the
majority of studies did not find significant associations. Alampi et al.
25] and Etzel et al [15] reported limited variation im SRS scores,
possibly due to sample limitations and non-representative cohorts. Erzel
et al. [1%] did not find significant early-life effects, and Philippat &t al.
[27] did not suppaort the hypothesis that TCS exposure impacts neuro-
hehavinesl dewslonment at Iater aspe The lack of donificant realte in

behavioral development at later ages. The lack of significant results in
studies such as Braun et al. [#] further supports the notion that TCS
exposure might not have a direct impact on assessed neurobehavioral
parameters,

Variations in findings could stem from differences in siudy

Reproductive Taxicology 112 (2025) 108849

methodologies, including the measurement tools and concentration
levels of TCS. Notably, studies used diverse assessment tools, such as the
Revised Chinese Version of the Gesell Developmental Scale in Guo et al.
[26] and the Bayley Scales of Infant Development in Jiang et al. [20],
which may influence results. The use of different scales and concentra-
tion thresholds could contribute to the observed discrepancies across
studies. Additionally, the small sample sizes in some studies, such as
those by Jackson-Browne et al. [7,19.21] and Braun et al. [£], could
limit the generalizability and reproducibility of their findings.

Pre-clinical studies have shown that xenobiotics can interfere with
brain development [45,46], while systematic reviews focused on xeno-
biotics have highlighted neurodevelopmental aspects, though they often
lack definitive conclusions due to the inherent uncertainties in the data
[47,48]. This systematic review on gestational TCS exposure highlights
significant challenges due to study heterogeneity and the multitude of
confounding factors. The potential interference of TCS with various
biological pathways such as anti-thyroid activity, retinoic acid path-
ways, alterations in gut microbiota, and hormonal signaling pathways
complicates the interpretation of findings related to neurobehavioral
outcomes [5). Despite employing diverse study designs and statistical
approaches, the synthesis of evidence reveals a generally low quality,
limiting definitive conclusions regarding its effects. Addressing these
complexities comprehensively remains crucial for advancing our un-
derstanding of the impact of TCS during gestation.

5. Conclusions

The evidence regarding prenatal exposure to TCS and its potential
impact on neurobehavioral development in children remains inconclu-
sive. While certain studies indicate a possible link between prenatal TCS
exposure and deficits in neurobehavioral outcomes, such as emotional
symptoms, childhood social behaviors, and increased behavior prob-
lems, the diverse quality and heterogeneous nature of these studies,
along with the presence of numerous confounding factors, contribute o
low certainty of evidence in drawing definitive conclusions, highlighting
the necessity of continnous monitoring and investigation.
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6 CONSIDERAGOES FINAIS

Com base nas revisbes sistematicas realizadas sobre chumbo, cafeina e
triclosan as evidéncias atuais permanecem inconclusivas quanto ao seu potencial
para causar alteragbes neurocomportamentais, mortalidade infantii ou aborto
espontaneo. Embora essas substancias estejam amplamente presentes em produtos
do cotidiano e em fontes ambientais, as analises de qualidade e certeza das
evidéncias nao forneceram clareza suficiente sobre seus efeitos adversos.

Novos estudos devem ter como objetivo minimizar o risco de viés por meio de
analises de regressao que incluam mais fatores de confusdo e amostras populacionais
maiores. Esses sdo exemplos dos requisitos necessarios para melhorar a qualidade
dos estudos existentes.

Esses achados ressaltam a necessidade de estudos mais rigorosos e
abrangentes para entender plenamente os impactos desses xenobidticos na saude.
Garantir a seguranga das populagdes vulneraveis, especialmente mulheres gestantes
e seus descendentes em desenvolvimento, requer uma avaliagdo cientifica continua

€ uma supervisao regulatéria mais rigorosa.



56

REFERENCIAS

AL-SALEH, |. et al. Heavy metals (lead, cadmium and mercury) in maternal, cord
blood and placenta of healthy women. International Journal of Hygiene and
Environmental Health, v. 214, n. 2, p. 79-101. 2011.

BERGLUNDH, S. et al. Maternal caffeine intake during pregnancy and child
neurodevelopment up to eight years of age—Results from the Norwegian Mother,
Father and Child Cohort Study. European Journal of Nutrition, v. 60, n. 2, p. 791—
805. 2021.

BLANCO-CASTANEDA, R. et al. The role of xenobiotic-metabolizing enzymes in the
placenta: a growing research field. Expert Review of Clinical Pharmacology, v. 13,
n. 3, p. 247-263. 2020.

BOHACEK, J.; MANSUY, |. M. Molecular insights into transgenerational non- genetic
inheritance of acquired behaviours. Nature Reviews Genetics, v. 16, p. 641-652.
2015.

CECIL, K. M. et al. Decreased brain volume in adults with childhood lead exposure.
PLoS Medicine, v. 5, n. 5, p. 0741-0749. 2008.

CHRISTENSEN, Z. P.; FREEDMAN, E. G.; FOXE, J. J. Caffeine exposure in utero
is associated with structural brain alterations and deleterious neurocognitive
outcomes in 9-10 year old children. Neuropharmacology, v. 15, n. 186, e108479.
2021.

DANN, A. B.; HONTELA, A. Triclosan: Environmental exposure, toxicity and
mechanisms of action. Journal of Applied Toxicology, v. 31, n. 4, p. 285-311.
2011.

DE PAULA, J.; FARAH, A. Caffeine consumption through coffee: Content in the
beverage, metabolism, health benefits and risks. Beverages. MDPI AG, v. 5, n. 2.
2019.

FROEHLICH, T. E. etal. Association of tobacco and lead exposures with
attention-deficit/ hyperactivity disorder. Pediatrics, v. 124, n. 6, p. e1054-e1063. 2009.

GARCIA-LESTON, J. et al. Genotoxic effects of lead: An updated review.
Environment International, v. 36, n. 6, p. 623-636. 2010.

GILBERT, M. E. et al. Thyroid Disruptors: Extrathyroidal Sites of Chemical Action and
Neurodevelopmental Outcome-An Examination Using Triclosan and Perfluorohexane
Sulfonate. Toxicological Sciences, v. 183, n. 1, p. 195-213. 2021.

GRANDJEAN, P.; LANDRIGAN, P. J. Neurobehavioural effects of developmental
toxicity. The Lancet Neurology, v. 13, n. 3, p. 330-338. 2014.

HINES, R. N. The ontogeny of drug metabolism enzymes and implications for
adverse drug events. Pharmacology and Therapeutics, v. 118, n. 2, p. 250-267.



S7

2008.

JACKSON-BROWNE, M. S. et al. Early-life triclosan exposure and parent- reported
behavior problems in 8-year-old children. Environment International, v. 128, p.
446-456. 2019.

JAMES, J. E. Maternal caffeine consumption and pregnancy outcomes: A narrative
review with implications for advice to mothers and mothers-to-be. BMJ Evidence-
Based Medicine, v. 26, n. 3, p. 114-115. 2021.

LANPHEAR, B. P. et al. Low-level environmental lead exposure and children’s
intellectual function: An international pooled analysis. Environmental Health
Perspectives, v. 113, n. 7, p. 894-899, 2005.

LIDSKY, T. I.; SCHNEIDER, J. S. Lead neurotoxicity in children: Basic mechanisms
and clinical correlates. Brain, v. 126, p. 5-19. 2003.

LING, Y. et al. Triclosan induces zebrafish neurotoxicity by abnormal expression of
miR-219 targeting oligodendrocyte differentiation of central nervous system.
Archives of Toxicology, v. 94, n. 3, p. 857-871. 2020.

MASLOVA, E. et al. Caffeine consumption during pregnancy and risk of preterm
birth: A meta-analysis. American Journal of Clinical Nutrition, v. 92, n. 5, p. 1120-
1132. 2010.

MASON, L. H.; HARP, J. P.; HAN, D. Y. Pb neurotoxicity: Neuropsychological effects
of lead toxicity. BioMed Research International, v. 2014, n. 1, e840547. 2014.

ALHOWAIL, A.; ALDUBAYAN, M. Mechanisms underlying cognitive impairment
induced by prenatal caffeine exposure. Pharmacology. v. 24, n. 22, p. 11909-11913.
2020.

MUSTIELES, V. et al. Early-Life Exposure to a Mixture of Phenols and Phthalates in
Relation to Child Social Behavior: Applying an Evidence-Based Prioritization to a

Cohort with Improved Exposure Assessment. Environmental Health Perspectives,
v. 131, n. 8. 2023.

NEAL, A. P.; GUILARTE, T. R. ARTICLE TYPE Mechanisms of Lead and
Manganese Neurotoxicity . Toxicology Research, v. 2, n .2, p. 99-114. 2013.

OLUFEMLI, A. C.; MJI, A.; MUKHOLA, M. S. Potential Health Risks of Lead Exposure
from Early Life through Later Life: Implications for Public Health Education.

International Journal of Environmental Research and Public Health, v. 19, n. 23.
2022.

PARK, J. et al. The role of histone modifications: from neurodevelopment to
neurodiseases. Signal Transduction and Targeted Therapy, v. 7, n. 217, p. 1-23.
2022.

PHILIPPAT, C. et al. Prenatal exposure to nonpersistent endocrine disruptors and



58

behavior in boys at 3 and 5 years. Environmental Health Perspectives, v. 125, n. 9.
2017.

PYCKE, B. F. G. et al. Human fetal exposure to triclosan and triclocarban in an urban
population from Brooklyn, New York. Environmental Science and Technology, v.
48, n. 15, p. 8831-8838. 2014.

QIAN, J. et al. Impacts of Caffeine during Pregnancy. Trends in Endocrinology and
Metabolism, v. 31, n. 3, p. 218-227. 2019.

RICE’, D.; BARONE, S. Critical Periods of Vulnerability for the Developing Nervous
System: Evidence from Humans and Animal Models. Environ Health Perspect, v.
108, n. 3, p 511-533. 2000.

SANDERS, T.; LIU, Y.; BUCHNER, V.; TCHOUNWOU, P. B. Neurotoxic effects and
biomarkers of lead exposure: a review. Rev Environ Health. v. 24, n. 1, p.15-45.
20009.

SILBEREIS, J. C. et al. The Cellular and Molecular Landscapes of the Developing
Human Central Nervous System. Neuron Cell Press, v. 89, n. 2, p. 248-268. 2016.

STILES, J.; JERNIGAN, T. L. The basics of brain development. Neuropsychology
Review, v. 20, n. 4, p. 327-348. 2010.

STOLP, H. B. et al. Immune responses at brain barriers and implications for brain
development and neurological function in later life. Frontiers in Integrative
Neuroscience, v. 7, p. 61. 2013.

SZYCHOWSKI, K. A. et al. Triclosan activates aryl hydrocarbon receptor (AhR)-
dependent apoptosis and affects Cyp1a1 and Cyp1b1 expression in mouse
neocortical neurons. Environmental Research, v. 151, p. 106-114. 2016.

ZOELLER, R. T.; ROVET, J. Timing of thyroid hormone action in the developing
brain: Clinical observations and experimental findings. Journal of
Neuroendocrinology, v. 16, n. 10, p. 809-818. 2004.



