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RESUMO

Rodrigues JS. Estudo dos fatores de risco associados ao comprometimento das fungoes
executivas na adolescéncia: Coorte de Nascimentos de Pelotas 2004 [tese]. Sao Paulo:

Faculdade de Medicina, Universidade de Sao Paulo; 2024.

As fungdes executivas sdo um conjunto de habilidades cognitivas que permitem o controle e
a execucdo de processos mentais, atencionais e comportamentais em situagdes de conflito ou
distracdo. Investigar os fatores que influenciam o desenvolvimento dessas habilidades
durante a infancia e a adolescéncia ¢ fundamental para a formulagdo de intervengdes que
promovam a saude mental e o bem-estar da populagdo. Os objetivos do presente estudo
foram: (i) realizar uma revisao sistematica da literatura sobre o impacto da depressdo materna
no desenvolvimento das fungdes executivas dos filhos durante a infancia ¢ a adolescéncia;
(i1) investigar potenciais fatores de risco associados ao comprometimento do controle
atencional, atencdo seletiva e flexibilidade cognitiva aos 11 anos, e da memoria de trabalho
aos 15 anos; (iii) estimar os efeitos das trajetdrias de sintomas depressivos maternos sobre a
aten¢do sustentada, memoria de trabalho e memoria episddica aos 15 anos, examinando o
papel mediador da parentalidade negativa aos 11 anos. Esta tese ¢ composta por trés
manuscritos. O primeiro deles consistiu em uma revisdo sistematica, conduzida de acordo
com o Protocolo PRISMA. Uma busca por estudos de coorte publicados em revistas
indexadas foi realizada nas bases de dados Pubmed, ScienceDirect, LILACS, PsychINFO e
SciELO. A qualidade dos estudos foi avaliada utilizando a Ferramenta de Avalia¢do de
Qualidade do Instituto Nacional do Coragdo, Pulmio e Sangue dos Estados Unidos para
Estudos de Coorte Observacionais e Transversais. A qualidade das evidéncias foi analisada
utilizando o sistema GRADE. Trinta e trés estudos de coorte foram analisados, dos quais
vinte e quatro confirmaram a hipotese de que os sintomas depressivos maternos tém um efeito
prejudicial no desempenho das fungdes executivas das criangas. A programacao fetal, fatores
epigenéticos e as praticas parentais foram descritos como possiveis mecanismos que
explicariam o impacto dos sintomas depressivos maternos no comprometimento das fungdes
executivas. O segundo artigo que compde esta tese utilizou dados da Coorte de Nascimentos
de Pelotas de 2004 (N=4.231). As exposi¢des incluiram caracteristicas sociodemograficas,

do nascimento e da infancia. Os desfechos incluiram o controle atencional, a flexibilidade



cognitiva e a atengao seletiva, medidos aos 11 anos por meio do Teste de Atengdo Cotidiana
para Criangas (TEA-Ch, do inglés Test of Everyday Attention for Children). A memoria de
trabalho espacial foi medida aos 15 anos pela Bateria Automatizada de Testes
Neuropsicologicos de Cambridge (CANTAB, do inglés Cambridge Neuropsychological Test
Automated Battery). Modelos de regressdo logistica foram construidos com o intuito de
investigar a relacdo entre as exposicdes e o comprometimento das fungdes executivas. Os
resultados indicaram que a baixa escolaridade materna teve o maior impacto negativo nas
funcdes executivas. Aos 11 anos, estave associada a diminui¢ao do controle atencional e, aos
15 anos, ao comprometimento da memoria de trabalho. A amamentac¢do, independentemente
da duragdo, foi identificada como um fator protetor contra o comprometimento da
flexibilidade cognitiva aos 11 anos. O terceiro artigo analisou dados de 1.949 adolescentes
pertencentes a Coorte de Nascimentos de Pelotas de 2004, acompanhados desde o nascimento
até os 15 anos. Sintomas depressivos maternos foram avaliados pela Escala de Depressao
Pos-Natal de Edimburgo dos 3 meses aos 11 anos. A parentalidade negativa foi medida
utilizando a Escala de Taticas de Conflito entre Pais e Criancas aos 11 anos. As fungoes
executivas de aten¢do sustentada, memoria de trabalho e episodica foram avaliadas aos 15
anos por meio do CANTAB. As analises de caminho foram conduzidas no software MPlus
utilizando modelagem de equagdes estruturais. Os resultados revelaram que maes com
sintomas depressivos cronicos e elevados durante a infincia apresentaram comportamentos
parentais mais negativos, o0 que, por sua vez, esteve associado a pior atengdo sustentada e
memoria episddica. Ao considerar a parentalidade negativa como mediador, observou-se que
adolescentes cujas maes apresentaram sintomas depressivos elevados desde os 3 meses até
os 11 anos mostraram pior aten¢do sustentada e pior memoria episodica aos 15 anos. Como
conclusdao, o desenvolvimento das fungdes executivas na infancia e adolescéncia ¢
negativamente impactado por varidveis sociodemograficas, principalmente pela baixa
escolaridade materna, e pelos sintomas depressivos maternos elevados, medidos desde os 3
meses até os 11 anos. A parentalidade emergiu como um importante alvo para intervengdes
e futuras politicas publicas destinadas a promover o desenvolvimento cognitivo saudavel de
adolescentes, especialmente daqueles em situagdo de vulnerabilidade. Descritores:
Desenvolvimento infantil. Cogni¢ao. Depressao pés-parto. Parentalidade. Estudo de coorte.

Adolescéncia.



ABSTRACT

Rodrigues JIS. Study of risk factors associated with impairment of executive functions in
adolescence: 2004 Pelotas Birth Cohort [thesis]. S@o Paulo: “Faculdade de Medicina,
Universidade de Sdo Paulo”; 2024.

Executive functions are a set of cognitive skills that enable the control and execution of
mental, attentional, and behavioral processes in situations of conflict or distraction.
Investigating the factors that influence the development of these skills during childhood and
adolescence is crucial for formulating interventions that promote mental health and well-
being in the population. The objectives of this study were: (i) to conduct a systematic review
of the literature on the impact of maternal depression on the development of children's
executive functions during childhood and adolescence; (ii) to investigate potential risk
factors associated with impairments in attentional control, selective attention, and cognitive
flexibility at age 11, and working memory at age 15; (iii) to estimate the effects of maternal
depressive symptoms over time on sustained attention, working memory, and episodic
memory at age 15, examining the mediating role of harsh parenting at age 11. This thesis is
composed of three manuscripts. The first consisted of a systematic review conducted in
accordance with the PRISMA Protocol. A search for cohort studies published in indexed
journals was carried out in the databases Pubmed, ScienceDirect, LILACS, PsychINFO, and
SciELO. The quality of the studies was assessed using the NIH National Heart, Lung, and
Blood Institute Quality Assessment Tool for Observational Cohort and Cross-sectional
Studies. The quality of the evidence was evaluated using the GRADE (Grading of
Recommendations, Assessment, Development, and Evaluation) system. Thirty-three cohort
studies were analyzed, of which twenty-four confirmed the hypothesis that maternal
depressive symptoms have a detrimental effect on children's executive function performance.
Fetal programming, epigenetic factors, and parental practices were identified as possible
mechanisms explaining the impact of maternal depressive symptoms on executive function
impairment. The second article in this thesis used data from the 2004 Pelotas Birth Cohort
(N=4,231). The exposures included sociodemographic, birth, and childhood characteristics.
The outcomes included attentional control, cognitive flexibility, and selective attention

measured at age 11 using the Test of Everyday Attention for Children (TEA-Ch). Spatial



working memory was assessed at age 15 using the Cambridge Neuropsychological Test
Automated Battery (CANTAB). Logistic regression models were constructed to investigate
the relationship between the exposures and the impairments in the analyzed executive
functions. The results indicated that low maternal education had the most significant negative
impact on executive functions. At age 11, it was associated with decreased attentional
control, and at age 15, with impaired working memory. Breastfeeding, regardless of duration,
was identified as a protective factor against impairments in cognitive flexibility at age 11.
The third article in this thesis analyzed data from 1,949 adolescents from the 2004 Pelotas
Birth Cohort, followed from birth to age 15. Maternal depressive symptoms were assessed
using the Edinburgh Postnatal Depression Scale from 3 months to 11 years. Harsh parenting
was measured using the Parent-Child Conflict Tactics Scale at age 11. The executive
functions of sustained attention, working memory, and episodic memory were assessed at
age 15 using the CANTAB. Path analyses were conducted in the MPlus software using
structural equation modeling. The results revealed that mothers with elevated depressive
symptoms during childhood exhibited more negative parenting behaviors, which were in turn
associated with poorer sustained attention and episodic memory. Considering harsh parenting
as a mediator, it was observed that adolescents whose mothers had elevated depressive
symptoms from 3 months to 11 years showed worse sustained attention and worse episodic
memory at 15 years. In conclusion, the development of executive functions in childhood and
adolescence is negatively impacted by sociodemographic variables, particularly low maternal
education, and elevated maternal depressive symptoms, measured from 3 months to 11 years.
Parenting emerged as an important target for interventions and future public policies aimed
at promoting the healthy cognitive development of adolescents, especially those in vulnerable
situations. Keywords: Child development. Cognition. Post-partum depression. Parenting.
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RESUMEN

Rodrigues JS. Estudio de los factores de riesgo asociados al deterioro de las funciones
ejecutivas en la adolescencia: Cohorte de Nacimientos de Pelotas 2004 [tesis]. Sdo Paulo:

“Faculdade de Medicina, Universidade de Sdo Paulo™; 2024.

Las funciones ejecutivas son un conjunto de habilidades cognitivas que permiten el control
y la ejecucion de procesos mentales, atencionales y conductuales en situaciones de conflicto
o distraccion. Investigar los factores que influyen en el desarrollo de estas habilidades durante
la infancia y la adolescencia es crucial para formular intervenciones que promuevan la salud
mental y el bienestar en la poblacion. Los objetivos de este estudio fueron: (i) realizar una
revision sistematica de la literatura sobre el impacto de la depresion materna en el desarrollo
de las funciones ejecutivas de los nifios durante la infancia y la adolescencia; (ii) investigar
los posibles factores de riesgo asociados con el deterioro del control atencional, la atencion
selectiva y la flexibilidad cognitiva a los 11 afios, y la memoria de trabajo a los 15 afos; (iii)
estimar los efectos de los sintomas depresivos maternos a lo largo del tiempo sobre la
atencion sostenida, la memoria de trabajo y la memoria episodica a los 15 afios, examinando
el papel mediador de los malos tratos a los 11 afos. Esta tesis se compone de tres manuscritos.
El primero consistid en una revision sistematica realizada de acuerdo con el Protocolo
PRISMA. Se realiz6 una busqueda de estudios de cohortes publicados en revistas indexadas
en las bases de datos Pubmed, ScienceDirect, LILACS, PsychINFO y SciELO. La calidad de
los estudios se evalud utilizando la herramienta de evaluacion de calidad del Instituto
Nacional del Corazon, los Pulmones y la Sangre de los NIH para estudios de cohortes y
estudios transversales. La calidad de la evidencia se evalud utilizando el sistema GRADE
(Grading of Recommendations, Assessment, Development, and Evaluation). Se analizaron
treinta y tres estudios de cohortes, de los cuales veinticuatro confirmaron la hipétesis de que
los sintomas depresivos maternos tienen un efecto perjudicial en el rendimiento de las
funciones ejecutivas de los nifios. La programacion fetal, los factores epigenéticos y las
practicas parentales se identificaron como posibles mecanismos que explican el impacto de
los sintomas depresivos maternos en el deterioro de las funciones ejecutivas. El segundo
articulo de esta tesis utilizo datos de la Cohorte de Nacimientos de Pelotas 2004 (N=4.231).

Las exposiciones incluyeron caracteristicas sociodemograficas, de nacimiento y de la



infancia. Los resultados incluyeron el control atencional, la flexibilidad cognitiva y la
atencion selectiva medida a los 11 afios utilizando el Test de Atencién Cotidiana para Nifios
(TEA-Ch). La memoria de trabajo espacial se evalud a los 15 afios utilizando la Bateria
Neuropsicologica Automatizada de Cambridge (CANTAB). Se construyeron modelos de
regresion logistica para investigar la relacion entre las exposiciones y el deterioro de las
funciones ejecutivas analizadas. Los resultados indicaron que la baja escolaridad materna
tuvo el impacto negativo mas significativo en las funciones ejecutivas. A los 11 afios, se
asocid con una disminucién del control atencional, y a los 15 afios, con un deterioro de la
memoria de trabajo. La lactancia materna, independientemente de su duracion, se identifico
como un factor protector contra el deterioro de la flexibilidad cognitiva a los 11 afios. El
tercer articulo de esta tesis analiz6 datos de 1.949 adolescentes de la Cohorte de Nacimientos
de Pelotas 2004, seguidos desde el nacimiento hasta los 15 afios. Los sintomas depresivos
maternos se evaluaron utilizando la Escala de Depresion Postnatal de Edimburgo desde los
3 meses hasta los 11 afios. Los malos tratos se midieron utilizando la Escala de Tacticas de
Conflicto entre Padres e Hijos a los 11 afios. Las funciones ejecutivas de atencion sostenida,
memoria de trabajo y memoria episddica se evaluaron a los 15 afios utilizando el CANTAB.
Se realizaron andlisis de trayectorias en el software MPlus utilizando modelos de ecuaciones
estructurales. Los resultados revelaron que las madres con sintomas depresivos elevados
durante la infancia exhibian comportamientos parentales mas negativos, lo que a su vez se
asociaba con una peor atencion sostenida y memoria episddica. Considerando los malos
tratos como mediador, se observd que los adolescentes cuyas madres presentaron sintomas
depresivos elevados desde los 3 meses hasta los 11 afios mostraron peor atencion sostenida
y peor memoria episodica a los 15 afios. En conclusion, el desarrollo de las funciones
ejecutivas en la infancia y adolescencia se ve negativamente impactado por variables
sociodemograficas, especialmente por la baja escolaridad materna, y por los sintomas
depresivos maternos elevados, medidos desde los 3 meses hasta los 11 afos. La parentalidad
emergid como un objetivo importante para intervenciones y futuras politicas publicas
destinadas a promover el desarrollo cognitivo saludable de los adolescentes, especialmente
de aquellos en situacion de vulnerabilidad. Palabras clave: Desarrollo infantil. Cognicion.

Depresion postparto. Parentalidad. Estudio de cohorte. Adolescencia.



APRESENTACAO

A presente tese ¢ composta por uma introdug@o ao tema da pesquisa, abordando os conceitos
basicos sobre as funcgdes executivas e seu desenvolvimento ao longo da infancia e
adolescéncia. Em seguida, apresento os dados sobre a epidemiologia da depressdo materna,
exposicao principal da presente tese. Além disso, descrevo brevemente a relacdo entre a
depressdo materna e o emprego de estratégias parentais e demonstro as evidéncias existentes
acerca dos impactos das trajetorias de sintomas depressivos maternos sobre as fungdes
executivas dos filhos.

Integram também esta tese as justificativas para o estudo e os objetivos gerais e especificos.
Os resultados s3o compostos pelo resumo breve de trés artigos cientificos, dos quais dois

estdo publicados e um submetido em revistas indexadas:

Artigo 1: Impact of maternal depressive symptoms on offspring executive functions: a
systematic review.

Artigo 2: Risk factors for executive function impairment in adolescence: 2004 Pelotas Birth
Cohort study.

Artigo 3: Examining Pathways Between Trajectories of Maternal Depressive Symptoms,
Harsh Parenting, and Adolescent Executive Functions: Insights from the 2004 Pelotas Birth
Cohort. 2024

Para encerrar, apresento uma discussao dos achados de cada artigo e as consideragdes
finais com limitagdes e ponderagdes, recomendagdes e conclusdes geradas ao longo da tese.

Os artigos na integra se encontram nos apéndices da presente tese de doutorado.



1. INTRODUCAO

1.1 Funcoes executivas: conceitos basicos

As fungdes executivas (FEs, também chamadas de controle executivo ou controle
cognitivo) representam um conjunto de habilidades cognitivas auto-regulatorias que
permitem o controle e execucdo de processos mentais, atencionais, comportamentais e
emocionais diante de situagdes de conflito ou distragao (Best & Miller, 2011; Diamond,
2014a). As FEs estdo relacionadas com a capacidade de racionalizar, planejar, resolver
problemas, controlar impulsos e manter o foco (Diamond, 2014a). Essas habilidades fazem
parte do desenvolvimento cognitivo, social e psicologico, o que as tornam essenciais para a
saude fisica e mental durante todo o ciclo da vida. Apesar dos constructos tedricos sobre as
FEs diferirem amplamente na literatura (Goldstein et al., 2014; Snyder et al., 2015), hd um
consenso de que as FEs s3o compostas por pelo menos trés subcomponentes
interdependentes: memoria de trabalho, controle inibitorio, e flexibilidade cognitiva
(Diamond, 2013; Lehto et al., 2003).

A memoria de trabalho ¢ subdividida em duas dimensdes: verbal e ndo-verbal
(visoespacial) (Baddeley & Hitch, 1994). A dimensao verbal representa a capacidade de reter
informacdes, relaciona-las e processa-las em um curto intervalo de tempo. Exemplos incluem
somar numeros ditados ou ouvir uma lista de letras ou niumeros e recita-los de tras para frente.
A dimensdo nao-verbal representa a habilidade de armazenar e resgatar estimulos visuais,
auditivos, tateis, olfativos e gustativos ndo disponiveis de forma perceptiva no ambiente e
relaciond-los de forma estratégica como, por exemplo, relacionar um cheiro a uma memoria
passada. Durante a primeira infincia, os estimulos sensoriais € a comunicagdo verbal sdo
fatores que influenciam no desenvolvimento da memodria de trabalho (Stedron et al., 2005).
As habilidades relacionadas a memoria de trabalho s3o essenciais no processo de
aprendizagem, pois permitem a realizacdo de atividades sequenciais sem o uso de lembretes,
reorganizacdo de tarefas, formulacdo de estratégias em jogos de regras, operacionalizacdo de
nimeros e compreensdo da linguagem oral e escrita (Diamond, 2012).

O controle inibitorio refere-se a capacidade de regular e controlar a atengdo, o
comportamento e as predisposicdes mentais e emocionais, visando evitar distragdes e

suprimir impulsos (Diamond, 2013). As distracdes ou respostas automaticas podem ter



origem interna (do proéprio individuo) ou externa (do ambiente). O controle inibitério abrange
trés dimensdes autorregulatdrias: controle inibitério da aten¢do (também denominado
aten¢do seletiva ou atencdo executiva), inibicdo cognitiva e autocontrole (Diamond, 2014a).
O controle inibitério da atencgdo ¢ a capacidade de suprimir estimulos externos para manter
o foco em um objeto/situagdo. Por exemplo, ao ler uma placa de transito enquanto dirige,
mesmo com distragdes ao redor. A inibicdo cognitiva ¢ a habilidade de bloquear
representacdes mentais predominantes, como resistir a pensamentos involuntarios ou a
memorias indesejadas. O autocontrole envolve a regulagdo comportamental e emocional
interna para suprimir tentagdes e evitar acdes impulsivas, permitindo ao individuo realizar
tarefas ndo prazerosas para alcangar um objetivo e manter uma boa conduta em situagdes de
tensdo. A memoria de trabalho e o controle inibitério atuam mutuamente e exercem papéis
importantes no funcionamento das FEs. O trabalho em conjunto dessas habilidades permite
que o individuo seja capaz de selecionar os estimulos a serem inibidos a partir do foco em
um objetivo e também que seja capaz de manter o foco mesmo que haja estimulos distratores
(Diamond, 2014a).

A flexibilidade cognitiva representa a capacidade de alternar entre diferentes tarefas
ou objetivos, permitindo que os individuos regulem seus pensamentos e a¢des de maneira
adaptativa (Best & Miller, 2010). Essa habilidade depende diretamente do controle inibitorio
e da memoria de trabalho, uma vez que ¢ necessario inibir uma perspectiva anterior e
manipular mentalmente a informagao para visualiza-la de um ponto de vista diferente. Essa
habilidade ¢ muito importante para o desenvolvimento da criatividade, resolucdo de
conflitos, reconhecimento de erros e avaliagdo de oportunidades. No desenvolvimento
escolar, essa habilidade se faz fundamental para, por exemplo, analisar diferentes métodos
para resolver uma equacdo matematica (Diamond, 2014a).

Outro aspecto da atencdo relacionado as FEs ¢ a atencdo sustentada, que se refere a
capacidade de manter o foco e a concentragdo em uma tarefa especifica ou estimulo por um
periodo prolongado de tempo (A. V. Fisher, 2019). Seu correlato neural consiste em um
sistema composto pela integragdo de multiplas redes cerebrais heterogéneas (Langner &
Eickhoff, 2013). Essas redes incluem regides talamicas, fronto-parietais, dorsais, e cingulo-

opercular (A. V. Fisher, 2019). Problemas na aten¢do sustentada durante a infancia estio



associados a dificuldades académicas ao longo da adolescéncia, resultando em reducgdo do
desempenho académico, e na desvalorizacdo do ambiente escolar (Cruz et al., 2020)

As FEs também exercem um papel fundamental para o armazenamento e a
recuperagdo de memorias episddicas (Meléndez et al., 2019). Essas memorias contém
informagdes sobre experiéncias e solucdes passadas que podem ser aplicadas como
referéncias ao resolver problemas no presente. A memoria episodica ¢ essencial para a
realizacdo de tarefas didrias, como lembrar onde se guardou um objeto ou da fala de uma
pessoa importante. Além disso, ela fornece a base para a memoria autobiografica (Nelson &
Fivush, 2004) e contribui para a sensacao de continuidade do eu ao longo do tempo (Buckner
& Carroll, 2007). Seu desenvolvimento saudavel impacta significativamente a compreensao
da leitura e a aprendizagem, com medidas de memoria episoddica presentes em testes de

capacidade intelectual (Ghetti & Bunge, 2012).

1.2 Desenvolvimento das func¢des executivas na infincia e adolescéncia

Ao longo dos ultimos vinte anos, diferentes teorias do desenvolvimento das fungdes
executivas (FEs) emergiram. Estudos que avaliaram gémeos uni e bivitelinos propuseram
que as diferencas individuais nas FEs eram minimas ao comparar pares de irmaos, propondo
assim, que as FEs possuiam importante influéncia genetica (Feng et al., 2022; Friedman et
al., 2008). No entanto, estudos também observaram que as experiéncias de vida também
influenciavam as diferencas individuais nas FEs, atribuindo relevancia ao entorno ambiental
e social (Bouyeure & Noulhiane, 2021; Tamura et al., 2020). Além disso, os estudos que
buscaram entender o desenvolvimento das FEs revelaram que essas ndo sdo fixas ou
imutéveis, sendo possivel melhora-las com treinamentos especificos (Diamond, 2012). Mais
recentemente, modelos ecologicos e biopsicossociais assumem que as FEs estdo inseridas
dentro de uma combinagao de processos biologicos e contextuais de multiplos niveis (Miguel
et al., 2023; Zelazo, 2020).

De acordo com a perspectiva biopsicossocial, a biologia, o comportamento e o
ambiente social da crianga interagem continuamente ao longo do desenvolvimento (Calkins,
2015). Essa interagcdo dindmica molda a forma como as FEs se desenvolvem por meio da
percepcao, interpretacdo e reagdo a estimulos. A biologia fornece a base para as habilidades

e caracteristicas individuais, o comportamento reflete as respostas e adaptacdes as



experiéncias, ¢ o ambiente social oferece contextos e desafios que podem promover ou
limitar o desenvolvimento.

Do ponto de vista neurobiolédgico, as FEs estdo associadas a maturacao do cortex pré-
frontal e sua conexdo com outras regides corticais, subcorticais e limbicas (Best & Miller,
2011; Diamond, 2014a). Além do aumento na conectividade do cortex pré-frontal, também
ocorre uma especializagio das areas de ativacao global para regides de ativacdo local durante
o desenvolvimento das FEs (Fiske & Holmboe, 2019).

O desenvolvimento ontologico das FEs estd relacionado ao desenvolvimento
neurocognitivo, uma vez que o cérebro humano nao esta completamente formado na ocasido
do nascimento (Courchesne et al., 2000). As fungdes executivas t€ém sua origem nos estagios
iniciais da infancia, com habilidades bdasicas emergindo nos trés primeiros anos de vida
(Garon et al., 2008). Durante a primeira infancia, o cérebro passa por diversas modificagdes
sinapticas e neuronais, as quais envolvem a maturagao de células nervosas e o aumento do
nimero de sinapses (Gilmore et al., 2018). No decorrer do neurodesenvolvimento, as
sinapses sdo selecionadas, o que favorece a especializagdo de circuitos e consolidagdo de
redes cognitivas (Fiske & Holmboe, 2019). O processo de maturagdo neuronal e modificacio
das sinapses no periodo da infincia estd relacionado as interagdes entre os estimulos
ambientais e as repostas individuais (Halfon et al., 2001).

Ao longo do desenvolvimento, ¢ possivel a deteccao de “periodos sensiveis”, nos
quais ocorre o aumento dramatico da plasticidade cerebral e uma consequente facilitacao
para o desenvolvimento das FEs (Carlson, 2005). A possibilidade de desenvolvimento das
FEs ¢ significativamente maior entre os trés e cinco anos. Apesar disso, o periodo entre a
adolescéncia e o inicio da vida adulta ¢ também considerado um periodo sensivel para o
desenvolvimento das FEs (Best & Miller, 2011; Diamond, 2014b). Evidéncias indicam que
a especializacdo das FEs a medida que o cortex pré-frontal passa por mudangas durante a
adolescéncia se deve especialmente ao processo de mielinizacdo dos axdénios (Yakovlev &
Lecours, 1967). Esse processo melhora a transmissao de sinais, resultando em um aumento
da matéria branca e uma diminui¢do da matéria cinzenta devido a reorganizagdo sinaptica
(Gogtay et al., 2004).

Estudos indicam que o primeiro avango significativo no desempenho das habilidades

de controle inibitdrio ocorre nos anos pré-escolares, tanto em tarefas simples (como a pura



inibi¢do da resposta) quanto em tarefas complexas (como a inibi¢ao da resposta seguida de
uma resposta alternativa) (Best & Miller, 2010). Um exemplo disso ¢ a capacidade de
manipulagdo de um cartdo bidimensional, onde a crianca foca em uma dimensdo e, em
seguida, precisa inibi-la para observar a segunda dimensao. O controle inibitério continua a
se aprimorar entre os cinco e oito anos, especialmente em tarefas que combinam controle
inibitério e memoria de trabalho, como a imitacdo de um gesto oposto ao realizado pelo
instrutor (jogo das maos) (Gogtay et al., 2004). Estudos indicam que o controle inibitorio
continua a avangar até os 15 anos (Luna et al., 2015), com excec¢do das tarefas Stroop (Stroop,
1935), nas quais ganhos funcionais em eficiéncia continuam a emergir apds os 15 anos e
durante a fase adulta jovem (Huizinga et al., 2006).

Aos seis anos, a memoria de trabalho esta suficientemente desenvolvida para permitir
a realizacdo de tarefas complexas que exigem a coordenacdo de varias dimensdes, como
lembrar de itens especificos de listas ditadas anteriormente (Visu-Petra et al., 2014). A
velocidade de processamento em tarefas que envolvem memoria de trabalho também tende
a aumentar durante o desenvolvimento, influenciando diretamente a flexibilidade cognitiva
(Garon et al., 2008). A flexibilidade cognitiva também continua se desenvolvendo durante a
adolescéncia, e atinge uma estabilizagcdo por volta dos 14-15 anos (Huizinga et al., 2006).
Diversos estudos, utilizando uma variedade de medidas (por exemplo, amplitude de
digitos/letras, n-back e tarefas de busca), encontraram mudancas significativas no
desempenho da memoria de trabalho e flexibilidade cognitiva desde o inicio até a
adolescéncia média (Huizinga et al., 2006), e em alguns casos, estendendo-se além dos 18
anos (Boelema et al., 2014).

As relagdes construidas entre o individuo e o ambiente durante a primeira infincia
sdo fundamentais para o desenvolvimento das FEs, que serdo amadurecidas nas etapas
posteriores da vida, a medida que a complexidade dos estimulos ambientais e

comportamentais aumentam (Bouyeure & Noulhiane, 2021; Huttenlocher, 2009).

1.3 Fatores de risco para o desenvolvimento das fun¢des executivas

Prejuizos no desenvolvimento cognitivo, particularmente em paises de média e baixa
renda, sdo determinados por fatores frequentemente atribuidos a pobreza resultante da falta

de recursos ou de sua distribuicdo desigual (Haft & Hoeft, 2017). Esses fatores sdo



denominados determinantes distais, pois geralmente atuam através de determinantes
proximais inter-relacionados, também conhecidos como varidveis intermediarias ou
mecanismos. Os determinantes distais geralmente sdo representados como varidveis de
exposicao relacionadas a posi¢do socioecondmica (PSE). A PSE ¢ definida pela combinacao
de recursos econdmicos (como renda e riqueza material) e recursos sociais (como prestigio
social e nivel de educacdo). Os determinantes proximais podem ser subdivididos em grupos
inter-relacionados de forma hierarquica, como caracteristicas do nascimento, da primeira
infancia, da infancia e da adolescéncia.

Estudos de coorte indicam de forma consistente que determinantes distais como baixa
renda familiar, baixo nivel de escolaridade materna e problemas na estrutura familiar, estdo
associados a prejuizos nas fungdes executivas (Best & Miller, 2010; Diamond, 2013).
(Hackman et al., 2015; Holochwost et al., 2016; Last et al., 2018; Rhoades et al., 2011).

Uma meta-analise incluindo estudos que examinaram majoriatariamente populagdes
do norte global identificou que criangas e adolescentes cujas familia possuiam baixo status
socioecondmico apresentavam maiores prejuizos nas FEs em comparagdo com criangas e
adolescentes cujas familias apresentavam médio ou alto status socioecondmico (Lawson et
al., 2018). Andrade et al. (2005) investigaram a associa¢do entre a qualidade de vida
domiciliar e o desenvolvimento cognitivo em uma amostra de 350 criangas brasileiras com
idades entre 17 e 42 meses. A Escala de Observagdo Domiciliar para Medi¢do do Ambiente
(HOME, do inglés Home Observation for Measurement of the Environment Scale) foi
utilizada para avaliagdo da PSE (Elardo & Bradley, 1981) . Os resultados mostraram que
criangas com menos de 5 anos que tinham ambos os pais em casa € mades com niveis
educacionais mais altos apresentaram os melhores indices de desenvolvimento cognitivo.
Outros estudos revelaram um maior impacto da PSE no desenvolvimento da memoria de
longo prazo, memoria de trabalho e habilidades linguisticas em criangas com menos de 9
anos (Piccolo et al., 2016).

A relagdo entre a PSE e as FEs pode ser explicada por determinantes proximais, tais
como estresse (Blair & Raver, 2016), parentalidade (Holochwost et al., 2016), estimulacao
cognitiva (Rosen et al., 2020) e exposi¢do a linguagem (Merz et al., 2019). Outros aspectos
do ambiente familiar em que criancas e adolescentes sao criados tém sido identificados como

determinantes proximais dos prejuizos nas FEs, incluindo ansiedade e depressdo materna,



auséncia paterna, maus-tratos, baixa sensibilidade parental e socializagdo emocional entre a
crianca e os cuidadores (Fay-Stammbach et al., 2014, 2017; Power et al., 2021). A
vulnerabilidade socioeconOmica estd associada ao estresse materno desde o periodo pré-
natal, o que pode resultar em problemas no cuidado parental, afetando o desenvolvimento
das funcdes executivas desde os primeiros anos de vida (Sarsour et al., 2011). A memoéria
de trabalho (Hackman et al., 2015), atencdo (Stevens et al., 2009), controle inibitério e
flexibilidade cognitiva (Sarsour et al., 2011) sdo particularmente vulneraveis a aos efeitos
negativos da exposicao a esses fatores.

A maneira como esses determinantes afetam as FEs ¢ explicada pela teoria do risco
cumulativo, que sugere que a combinacdo de multiplos determinantes distais, como a
pobreza e a baixa escolaridade dos pais, juntamente com determinantes proximais, como
estresse familiar, exposi¢do a violéncia, falta de apoio social e problemas de saude mental
dos pais, influenciam negativamente o desenvolvimento das FEs de criancas e adolescentes

(Fay-Stammbach et al., 2014; Wade et al., 2018).

1.4 Depressao materna: conceito, epidemiologia e fatores associados

A depressdo materna ¢ uma condigdo psicoldgica que abrange um espectro de
condi¢des depressivas como a depressdo pré-natal, depressdo pos-parto e psicose pos-parto
(Shidhaye & Giri, 2014). A depressao materna, nos ultimos anos, emergiu como uma questao
de satde publica global que afeta o bem-estar das maes e de seus filhos (Gelaye et al., 2016a).
A sintomatologia da depressdo materna ¢ semelhante a sintomatologia do transtorno
depressivo maior observado em outras fases da vida, e os sintomas incluem humor deprimido,
anedonia, mudancas significativas no peso ou apetite, insonia ou hipersonia, agitagdo ou
retardo psicomotor, fadiga, sentimentos de inutilidade ou culpa, capacidade diminuida de
pensar, de concentrar-se, indecisdo e pensamentos recorrentes de norte (Ruschi et al., 2007).
No Brasil, menos de um quarto das mulheres afetadas recebem tratamento, e apenas metade
dos casos de depressdo pos-parto ¢ identificada na pratica clinica diaria (Faisal-Cury et al.,
2021).

Globalmente, as taxas de depressdo pos-parto variam conforme o nivel de renda dos
paises. A prevaléncia estimada ¢ de 17,22% (IC 95%: 16,00-18,51) entre as mulheres
mundialmente, e de 20,51% (IC 95%: 18,53%—22,65%) no Brasil (Wang et al., 2021). Uma



meta-andlise, que incluiu 565 estudos de 80 paises, identificou que o tamanho do estudo ¢ a
renda do pais ou nivel de desenvolvimento foram os principais fatores explicativos para a
elevada heterogeneidade entre os paises (Wang et al., 2021). Nos paises de alta renda, a
prevaléncia combinada de depressdo pos-parto foi de 15,5%, enquanto nos paises de baixa
renda foi de 20,0%.

Um estudo transversal realizado no Brasil, envolvendo 23.894 mulheres no periodo
pos-parto entre 6 a 18 meses, identificou diversos fatores de risco associados a sintomas
depressivos maternos elevados (Theme Filha et al., 2016). Os fatores incluiram varidveis
sociodemograficas e individuais, como a cor de pele parda (OR = 1,15; IC 95% (1,01-1,31)),
classe econdmica mais baixa (OR = 1,70; IC 95% (1,41-2,06)), uso de alcool (OR = 1,41; IC
95% (1,09—1,84)) e historico de transtornos mentais (OR = 3,13; IC 95% (1,80-5,44)).
Fatores de risco obstétricos também foram identificados, como gravidez ndo planejada (OR
=1,38; IC 95% (1,20-1,60)), multiparidade (OR = 1,97; IC 95% (1,58-2,47) para 3 ou mais
filhos), e atendimento inadequado durante o parto (OR = 2,02; IC 95% (1,28-3,20)) ou do
recém-nascido (OR = 2,16; IC 95% (1,51-3,10)).

Diferentes mecanismos pelos quais a depressdo materna impacta negativamente as
fungdes executivas vém sendo identificados por estudos de coorte. Esses mecanismos podem
ser compreendidos principalmente em relacdo a0 momento em que a exposi¢do aos sintomas
depressivos maternos ocorre: durante a gravidez ou no periodo pds-parto que se estende ao
longo da infancia (Glover et al., 2015; Lautarescu et al., 2020; Lawler et al., 2019; Power et
al., 2021).

A exposicao a sintomas depressivos durante a gravidez esta associada a alteragdes no
desenvolvimento cerebral intrauterino, o que pode comprometer o funcionamento executivo
na infancia e adolescéncia (Plamondon et al., 2015). Essas mudangas sdo explicadas pela
hipotese de programacao fetal, que enfatiza o periodo critico para o neurodesenvolvimento
durante a fase embrionaria e fetal (Glover et al., 2018). Mecanismos biologicos, como a
regulacdo do eixo hipotadlamo-hipofise-adrenal (HPA), sdo sugeridos para explicar os
impactos da depressdo materna pré-natal no desenvolvimento infantil e no subsequente risco
de problemas de satide mental (Sohr-Preston & Scaramella, 2006). Variagdes nos niveis de
cortisol, influenciadas pela reatividade do cortisol, tém sido associadas a déficits em fungdes

executivas e alteragdes comportamentais (Fernandes et al., 2015). Além disso, estudos



destacam o papel significativo do gene SLC6A4 na inibicdo, memoria de trabalho e
flexibilidade cognitiva em criangas expostas a sintomas depressivos maternos, evidenciando
que variagdes genéticas podem modular a resiliéncia em face de condi¢des adversas
(Weikum et al., 2013).

No periodo pos-parto, o impacto negativo dos sintomas depressivos nas fungdes
executivas dos filhos ¢ explicado pelas adversidades nos campos emocionais e de interacao
na relacdo mae-filho. Estudos evidenciam que maes depressivas apresentam uma reducao na
capacidade de fornecer estimulo emocional estavel e previsivel para a crianga (Holochwost
et al.,, 2016; Power et al., 2021). Estudos de mediagdo identificaram praticas parentais
negativas tais como disciplina ndo violenta, agressdo fisica e psicoldgica, negligéncia, e a
falta de sensibilidade materna e “calor maternal” como importantes mediadores nesta
associacdo (Baker, 2018; Ku & Feng, 2021). As fung¢des executivas, como o controle
inibitorio, a flexibilidade cognitiva e o planejamento, sdo especialmente vulneraveis a essas
influéncias negativas. Criancas e adolescentes expostos aos sintomas depressivos maternos
podem apresentar maiores dificuldades na regulagdo emocional, na ateng¢do e na resolucao
de problemas, impactando seu desempenho académico e social (Chae et al., 2020; Cilino et
al., 2018; Farias-Antinez et al., 2018).

Examinar o impacto dos sintomas depressivos maternos sobre as fungdes executivas
a partir de estudos de coorte ndo apenas auxilia na compreensao do desenvolvimento infantil,
mas também oferece insights sobre as implicagdes para o bem-estar e o sucesso a longo prazo
dos individuos, a medida que enfrentam desafios ao longo da vida. Estudos de coorte sdo a
forma mais robusta de pesquisa médica apds experimentos como ensaios controlados

randomizados e s3o os desenhos mais apropriados para estudar essa relagdo.

1.5 Depressdo materna e parentalidade

Os comportamentos parentais mais consistentemente associados as diferencas
individuais nas FEs podem ser agrupados em quatro dimensdes (Landry et al., 2010;
O'Connor, 2002): (a) acompanhamento, (b) estimulacdo, (c) sensibilidade/responsividade
versus hostilidade/rejeicdo, e (d) controle. Uma revisdo sistematica incluiu diversos estudos
observacionais que investigaram a relacdo entre as diferentes dimensdes do comportamento

parental e as FEs (Fay-Stammbach et al., 2014). Nesta revisdo, os autores relataram que os



efeitos das praticas parentais como apoio parental, sensibilidade e estimulagao nas FEs dos
filhos podem ser explicados, em parte, por mudangas nas capacidades linguisticas das
criangas (Clark et al., 2013; Hammond et al., 2012; Matte-Gagne & Bernier, 2011). Déficits
nas FEs em criangas cujos pais ndo proporcionaram um ambiente estimulante foram
explicados, em parte, por déficits na capacidade linguistica (nomeagao de cores) e velocidade
de processamento (Clark et al., 2013).

As dificuldades nas interacdes entre maes com depressdo e seus filhos sdo um
fenomeno observado globalmente, afetando culturas e grupos socioecondmicos variados
(Field, 2011). Comparado a controles sem disturbios psiquidtricos, maes deprimidas
apresentavam maior frequéncia de comportamento parental inadequado, incluindo maior
hostilidade, maiores taxas de interagdes negativas com filhos, e episddios de disciplina que
tendiam a alternar entre punitiva e rigida a permissiva e relaxada (Gotlib; Goodman, 1999;
Lovejoy et al., 2000; Sockol et al., 2013). Maes deprimidas também se mostraram menos
responsivas as necessidades infantis, comunicavam-se menos e demonstravam menos
sincronia e envolvimento com seus bebés (Lovejoy et al., 2000). A depressdo paterna também
desempenha um papel critico, pois ela pode exacerbar os efeitos da depressdo materna nos
problemas de comportamento infantil (M. W.-L. Cheung, 2019). Além disso, a hostilidade
paterna foi associada a um aumento no comprometimento da memoria de trabalho,
destacando o impacto relevante do comportamento parental negativo nas fungdes cognitivas
das criancas (Lam et al., 2018).

Problemas relacionados as praticas parentais negativas contribuem para a exposi¢ao
prolongada a ambientes altamente estressantes, o que pode levar ao desenvolvimento de
estresse toxico, uma condicdo que estd ligada a efeitos prejudiciais no sistema nervoso € nos
sistemas reguladores de hormdnios do estresse (Franke, 2014). O elevado nivel de
concentragdo de cortisol, um hormonio glicocorticoide que modula a atividade no cortex pré-
frontal, foi identificado como mediador entre as praticas parentais e as FEs durante a infancia
(Blair et al., 2011). Outro fator de risco para as FEs, associado também a elevados niveis de

cortisol em criangas ¢ a exposicao a sintomas depressivos maternos (Lawler et al., 2019).
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1.6 Trajetorias dos sintomas depressivos maternos e impactos nas fungodes

executivas dos filhos

O impacto negativo da depressdo materna nas func¢des executivas dos filhos ndo se
restringe situagdes pontuais e/ou de curta duracdo. A exposicdo aos sintomas depressivos
pode ser entendida como um continuum capaz de influenciar negativamente o
neurodesenvolvimento durante a infancia e adolescéncia. Uma estratégia adotada por alguns
autores para avaliar a cronicidade/persisténcia dos efeitos da depressdo materna ao longo do
tempo foi trabalhar com trajetdrias da sintomatologia depressiva (Oh et al., 2020; Park et al.,
2018; Rinne et al., 2022). Esses estudos revelaram que as fung¢des executivas foram mais
impactadas durante a infancia entre aquelas criangas cujas maes apresentavam sintomas de
depressdo crescente na infancia precoce e média ou que tinham trajetdrias cronicas e severas
de depressdao materna.

As trajetorias dos sintomas depressivos maternos ao longo do tempo podem variar em
termos de severidade e cronicidade. Para examinar essas heterogeneidades, diversos estudos
longitudinais se dedicaram a constru¢do de trajetérias de sintomas depressivos maternos
(Ahmed et al., 2019; Campbell et al., 2007; Cents et al., 2013; Chae et al., 2020). Em uma
revisdo sistematica que incluiu 22 estudos longitudinais, foi identificado que os padrdes das
trajetorias variaram de duas a seis classes, 0 momento de inicio (gestagdo ou pds-parto),
severidade (baixa, média ou alta) e estabilidade (trajetérias estdveis, ascendentes ou
descendentes) (H. Santos et al., 2017). Os padrdes de baixo nivel e altos niveis de sintomas
depressivos foram consistentemente identificados, sendo o primeiro incluindo o maior grupo
e 0 segundo o menor grupo das amostras.

Embora o estudo de trajetdrias de sintomas depressivos maternos possibilite uma série
de ganhos em relagdo a identificacao de periodos sensiveis nos quais as FEs dos filhos podem
ser mais afetadas, ¢ na relagdo entre cronicidade e severidade, estudos dessa natureza ainda
s30 escassos na literatura, principalmente em paises de baixa e média renda (Power et al.,
2021). Examinar a trajetoria dos sintomas de depressao materna pode fornecer informagdes
muito importantes sobre os impactos da duracdo, intensidade e variabilidade dos sintomas

depressivos nas FEs dos filhos ao longo do tempo.
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2. JUSTIFICATIVA

As fungdes executivas (FEs) sao fundamentais para o desenvolvimento dos processos
de aprendizagem, estando intimamente ligadas a desfechos positivos tanto a curto quanto a
longo prazo na saide mental, vida social e autonomia do individuo. A literatura cientifica ¢
clara ao evidenciar a satide mental materna como um preditor significativo das FEs, uma vez
que o relacionamento saudavel e seguro entre maes e filhos constitui o alicerce primordial
para a aprendizagem na infincia. A presenca de transtornos psiquidtricos maternos, como a
depressdo, pode comprometer esse relacionamento, resultando em impactos adversos no
desenvolvimento das FEs e no bem-estar dos filhos ao longo da vida. Alem disso, o
desenvolvimento das FEs ¢ influenciado por uma variedade de fatores, incluindo
determinantes sociodemograficos, caracteristicas do nascimento e relagdes parentais
inadequadas.

O estudo das FEs ¢ de suma importancia para a satide individual e coletiva. A analise
das FEs na adolescéncia ¢ especialmente relevante, pois contribui para a compreensao dos
impactos a longo prazo de exposi¢des ocorridas na infincia. A adolescéncia ¢ um periodo
critico do desenvolvimento humano, caracterizado por transformagdes fisicas, bioquimicas,
emocionais e sociais. Os padroes comportamentais e os indicadores de saude estabelecidos
durante essa fase sdo profundamente influenciados por eventos ocorridos nesse periodo
formativo.

Embora a prevaléncia de depressdo materna seja mais elevada em paises de baixa e
média renda, a maioria dos estudos realizados nas ultimas duas décadas tem se concentrado
predominantemente em paises de alta renda. Isso representa uma lacuna importante na
literatura, potencialmente subestimando os efeitos dos fatores de risco populagdes
vulneraveis e/ou marginalizadas. Assim, este estudo visa preencher essa lacuna, fornecendo
evidéncias pioneiras sobre os fatores de risco e generar hipoteses sobre possiveis mecanimos
associados as FEs na adolescéncia em uma populagdo brasileira. A Coorte de Nascimentos
de Pelotas de 2004 oferece uma ampla base populacional com uma baixa taxa de perdas no
acompanhamento. Esta coorte retine dados coletados desde o nascimento até os 15 anos de
idade, abrangendo diversas exposicdes identificadas na literatura como importantes
preditores das fungdes executivas. Esta coorte possui dados coletados desde o nascimento até

os 15 anos de idade, abrangendo diversas exposi¢cdes identificadas na literatura como

12



importantes preditores das fun¢des executivas. Além disso, este estudo investiga diferentes
dominios das fungdes executivas em momentos distintos do desenvolvimento adolescente.
Espera-se que esta tese contribua significativamente para a comunidade cientifica,
profissionais de saude, gestores publicos e formuladores de politicas publicas, visando
proporcionar as criancas e adolescentes brasileiros os recursos necessarios para um

desenvolvimento saudavel e promissor desde os primeiros anos de vida.
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3. HIPOTESES

I. A exposi¢do a depressdo materna, seja diagnosticada clinicamente ou relatada através de
sintomas depressivos autorreferidos desde o nascimento e durante a infancia dos filhos, esta
consistentemente associada a efeitos negativos nas fungdes executivas das criangas tanto na

infancia quanto na adolescéncia.

III. Caracteristicas adversas nas esferas socioecondmica (como baixa renda familiar e baixa
escolaridade materna), familiar (como praticas parentais negativas) e do nascimento (como
baixo peso ao nascer e prematuridade) estdo independentemente associadas a déficits no
controle atencional, atencdo seletiva e flexibilidade cognitiva aos 11 anos, bem como na
memoria de trabalho aos 15 anos de idade, conforme observado na Coorte de Nascimentos

de Pelotas de 2004.

II. Trajetorias de sintomas depressivos maternos crescentes ou cronicamente elevadas ao
longo da vida dos filhos tém um impacto negativo na atengdo sustentada, memoria de
trabalho e memoria episddica aos 15 anos de idade. Este efeito ¢, em parte, mediado por
praticas parentais negativas observadas aos 11 anos de idade na Coorte de Nascimentos de

Pelotas de 2004.
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4. OBJETIVOS

4.1 Objetivo Geral

Avaliar as trajetorias dos sintomas depressivos maternos desde os trés meses até os 11 anos,
os fatores de risco e potenciais mediadores associados a prejuizos nas fungdes executivas
(FEs) relacionadas a atengdo aos 11 anos, e a atengdo e memoria aos 15 anos, nos

adolescentes da Coorte de Nascimentos de Pelotas de 2004.

4.2 Objetivos Especificos

e Realizar uma revisdo sistematica da literatura sobre o impacto da depressao
materna, definida por diagnostico clinico ou sintomas autorreferidos, no

desenvolvimento das fung¢des executivas dos filhos durante a infancia e adolescéncia.

e [nvestigar potenciais fatores de risco associados ao comprometimento do controle
atencional, atencdo seletiva e flexibilidade cognitiva aos 11 anos, e 4 memoria de

trabalho aos 15 anos, na Coorte de Nascimentos de Pelotas de 2004.

e Estimar os efeitos das trajetorias de sintomas depressivos maternos sobre a aten¢ao
sustentada, memoria de trabalho e memoria episodica aos 15 anos, examinando se
parte desses efeitos ¢ mediada por praticas parentais negativas observadas aos 11

anos.
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5. ASPECTOS ETICOS

O projeto foi aprovado pelo Comité de Etica em Pesquisa da Faculdade de Medicina da
Universidade de Sao Paulo (USP), em sessdo no dia 24 de fevereiro de 2022, pelo Comité de
Etica da Universidade Federal de Pelotas (UFPel) e pela Oficina de Investigacion
Responsable da Universidad Miguel Herndndez de Elche (Codigo de Investigacion
Responsable: ADH.SPU.MAP.JDSR.23 — ANEXO A). O Termo de Consentimento Livre e
Esclarecido das maes ou responsaveis € o Termo de Assentimento dos adolescentes foram
obtidos, assim como foi garantido a confidencialidade dos dados, a participagdo voluntaria e
a possibilidade de abandonar o estudo a qualquer momento, sem necessidade de justificativa.
Os casos de transtornos mentais graves, quando identificados pelos psicologos, foram
encaminhados para servigos de atendimento psicologico e/ou psiquidtricos disponiveis na

cidade.
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6. METODOLOGIA

6.1 Revisdo sistematica: resumo dos métodos para responder ao objetivo

especifico 1

Para responder a primeira hipdtese e objetivo desta tese, realizou-se uma revisao
sistematica incluido apenas estudos de coorte, e seguindo as diretrizes do protocolo PRISMA
(do inglés Preferred Reporting Items for Systematic reviews and Meta-Analyses) (Page et al.,
2021). O protocolo do estudo foi registrado no Registro Internacional de Revisdes
Sistematicas do Centro de Revisdes e Disseminagdo da Universidade de York (Registro
PROSPERO CRD42020221193).

Buscamos artigos cientificos a partir da primeira data disponivel nas seguintes bases
de dados at¢ 20 de agosto de 2023: PubMed, ScienceDirect, LILACS, PsychINFO e SciELO.
A equacdo de busca final foi desenvolvida para uso no PubMed e depois adaptada para o
restante das bases de dados consultadas.

Os critérios de inclusdo foram: estudos de coorte originais, revisados por pares e
escritos em inglés, espanhol, portugués ou outros idiomas. Em contrapartida, os critérios de
exclusdao foram: dados sobrepostos, fontes como livros e papers de conferéncias sem texto
completo disponivel, artigos ndo originais (revisdes e analises), e artigos que ndo estivessem
alinhados com os objetivos do estudo. A sele¢do dos estudos relevantes, baseada no titulo e
no resumo, foi realizada usando o aplicativo Rayyan, de forma independente por dois autores.
Duplicatas identificadas nas bases de dados bibliograficas eletronicas foram verificadas
manualmente e removidas. A variabilidade interobservador foi calculada usando o
coeficiente kappa de Cohen (K).

A extragdo de dados foi realizada de forma independente por dois autores, e qualquer
discordancia foi resolvida consultando um terceiro autor. Para extrair as informac¢des mais
relevantes, criamos uma planilha de extracdo de dados com 24 itens agrupados em seis
categorias. Os dados extraidos estdo disponiveis: (1) Descri¢do do estudo; (2) Caracteristicas
da populagdo; (3) Caracteristicas da exposi¢do; (4) Principais desfechos; (5) Resultados,
incluindo informagdes sobre controle de dados para potenciais fatores de confusdo e andlise

de mediagao; (6) Conclusao.
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A avaliag¢do da qualidade do relato foi realizada usando a Ferramenta de Avaliagdo
de Qualidade do Instituto Nacional do Coragdo, Pulmao e Sangue (NIH, do inglés National
Institutes of Health) para Estudos de Coorte Observacionais e Estudos Transversais. Para
avaliar a precisdo das evidéncias coletadas, foi criado um resumo das limitagdes no desenho
do estudo (risco de viés), inconsisténcia dos resultados, indire¢ao das evidéncias e imprecisao
usando o Grading Quality of Evidence and Strength of Recommendations (GRADE, do
inglés Grading of Recommendation, Assessment, Development, and Evaluation) para

revisOes sistematicas.

6.2 Coorte de Nascimentos de Pelotas de 2004: populacio e critérios de inclusao

Para responder a segunda e terceira hipdtese e objetivo, realizaram-se estudos que
examinaram dados provenientes da Coorte de Nascimentos de Pelotas de 2004.

A Coorte de Nascimentos de Pelotas de 2004 ¢ um estudo de base populacional, que
incluiu criangas nascidas em Pelotas, estado do Rio Grande do Sul, Brasil, entre 1° de janeiro
e 31 de dezembro de 2004. Todas as criangas nascidas vivas na zona urbana dos municipios
de Pelotas e Capao do Ledo (bairro Jardim América), foram identificadas e suas maes
convidadas a fazer parte do estudo. A taxa de resposta no recrutamento foi de 99,3% e incluiu
4.231 criangas. Dentro das primeiras 24 horas apds o nascimento, as maes foram
entrevistadas utilizando um questionario padronizado, com perguntas demograficas,
socioecondmicas, comportamentais, sobre caracteristicas bioldgicas, histérico reprodutivo e
utilizacdo de servicos de saude. Os recém-nascidos foram examinados por uma equipe
especializada e as medidas incluiam comprimento, perimetro cefélico, perimetro toracico e
circunferéncia abdominal. Além da entrevista perinatal, as maes e criangcas foram
entrevistadas novamente aos 3, 12, 24 e 48 meses em casa, € aos 6, 11, 15 anos no Centro de
Pesquisas Epidemiolodgicas da Universidade Federal de Pelotas. As taxas de seguimento até
o acompanhamento de 11 anos variou entre 86,6% e 99,2% (Barros et al., 2006; Santos et al.,
2011; Santos et al., 2014a). O acompanhamento de 15 anos se iniciou em novembro de 2019
e prosseguiu até mar¢o de 2020, quando as medidas de distanciamento social impostas pela
pandemia de COVID-19 entraram em vigor no RS. Até aquele momento, 1949 adolescentes

e maes tinham sido entrevistados, correspondendo a 46,1% da coorte original.
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6.2.1 Variaveis sociodemogradficas, caracteristicas do nascimento e da infdancia

As variaveis independentes consistiram em uma série de variaveis medidas no perinatal,
salvo se indicado diferentemente:

e Varidveis de posi¢do socioecondmica: renda familiar (medida de forma continua e
categorizada em quintis), educacdo materna (anos completos de educacdo formal,
categorizados em 0, 1-4, 5-8 e >9 anos), cor da pele da mae auto-reportada (branca,
negra, morena ou parda, amarela/asidtica/indigena), situagdo conjugal (mae sozinha
ou vive com o companheiro), € nimero de irmaos (nenhum, um, dois ou mais);

e Outras caracteristicas maternas: idade materna (<20, 20-34 and >35 anos), paridade
(definido como o nimero de filhos vivos nascidos anteriormente e categorizado como
1,2 e>3);

e Fumo durante a gravidez (fumantes regulares foram definidas como mulheres que
fumaram pelo menos um cigarro por dia em qualquer trimestre da gravidez);

e A auséncia paterna foi medida nos primeiros 48 meses de vida (nunca ausente,
ausente aos 24 meses, ausente aos 48 meses, sempre ausente);

e Varidveis da crianca ao nascimento: baixo peso ao nascer (peso ao nascer menor de

2500g), prematuridade (idade gestacional menor de 37 semanas) e sexo.

6.2.2 Trajetorias dos sintomas depressivos maternos

As trajetorias da depressdo materna foram construidas utilizando uma abordagem de
modelagem semiparamétrica baseada em grupos, conforme proposta por Nagin e Tremblay
(1999). Detalhes dos passos e métodos usados para identificar as trajetérias de sintomas
depressivos maternos foram relatados em estudos anteriores (Azeredo et al., 2017;
Matijasevich et al., 2015). Resumidamente, 90% da coorte com dados de pelo menos trés
acompanhamentos foi incluida nas analises. Individuos com informagdes ausentes nao foram
excluidos do modelo devido a capacidade da modelagem baseada em trajetorias de lidar com
dados ausentes usando a estimativa de maxima verossimilhanga (Nagin, 2005). O niimero e
a forma das trajetérias foram baseados no melhor ajuste do modelo (critério de informacao
bayesiano maximo, BIC) e na interpretabilidade das trajetérias obtidas (Nagin, 2005).
Pontuacdes de probabilidade posterior (ou seja, a probabilidade individual de pertencer a

cada um dos grupos de trajetoria) foram usadas para selecionar o modelo apropriado.
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Segundo Nagin (2005), uma pontuacao de probabilidade média deve ser superior a 0,70 para
todos os grupos. Para modelar as trajetorias das pontuagdes EPDS maternas, as analises
foram conduzidas especificando modelos de trés, quatro, cinco e seis grupos. O BIC
melhorou & medida que mais grupos foram adicionados. Entre os modelos considerados, um
modelo de cinco grupos surgiu como o mais adequado e parcimonioso, caracterizado por
probabilidades posteriores médias variando de 0,78 a 0,87 entre os Grupos 1 a 5. A inspecao
das estimativas dos pardmetros para o modelo de cinco grupos revelou que trés trajetorias
foram melhor representadas por um termo cubico, uma trajetoria foi linear e outra quadrética.
O Grupo 1 (chamado "baixo", N=1239) e o Grupo 2 (chamado "moderadamente baixo",
N=1621), representando 74,5% das maes, tiveram pontuacdes EPDS inferiores a 10 em todos
os momentos, sugerindo baixa sintomatologia depressiva. O Grupo 3 (chamado
"aumentando") incluiu 9,3% (N=357) das mulheres no estudo, mostrando um aumento
consistente nos sintomas depressivos durante o periodo do estudo. O quarto grupo (chamado
"diminuindo") incluiu 11,1% (N=426) das mulheres e, ao contrario do grupo anterior, essas
maes mostraram altas pontuagdes EPDS nos primeiros dois anos pos-parto € uma queda
acentuada posteriormente. Finalmente, o quinto grupo (chamado "alto-cronico"),
representando 5,2% da populagdao (N=198), exibiu consistentemente altas pontuacdes EPDS

ao longo do periodo do estudo.

6.2.3 Parentalidade negativa

Cuidadores, predominantemente maes aos 11 anos (92,5%), foram questionados
sobre estratégias parentais severas usando a versao de pai-para-filho da Escala de Taticas de
Conflito (CTSPC) (Straus et al., 1998). A adaptacgdo transcultural e validagdo da CTSPC para
uso no Brasil foi conduzida por Paiva e Figueiredo (2006) e Reichenheim e Moraes (2003).
A CTSPC compreende 22 itens categorizados em cinco subescalas que medem
comportamentos parentais em relacdo a crianca nos 12 meses anteriores: disciplina nao
violenta (4 itens); agressdo psicoldgica (5 itens); e agressao fisica, incluindo puni¢ao corporal
(5 itens), maus-tratos fisicos (4 itens) e maus-tratos fisicos graves (4 itens; ndo administrados
neste estudo). Consistente com dois estudos anteriores, a parentalidade severa foi definida
como a soma das pontuacdes das subescalas de agressdo psicoldgica, puni¢do corporal e

maus-tratos fisicos (Pinquart, 2017a, 2017b). Cada item foi avaliado em uma escala Likert

20



de 5 pontos. A pontuagdo da CTSPC foi calculada somando todas as respostas (intervalo de
pontuacdo: 0-28), com pontuagdes mais altas indicando episddios mais frequentes de

parentalidade severa.

6.2.4 Funcoes executivas aos 11 e 15 anos

As fungdes executivas aos 11 anos foram avaliadas por meio da realizacdo de tarefas
contidas no Teste de Aten¢do Diaria para Criangas (TEA-Ch, do inglés Test of Everyday
Attention for Children) (Manly et al., 2001), um teste neuropsicologico desenvolvido para
avaliar a natureza multidimensional da atencdo e as fun¢des executivas relacionadas em
criangas e adolescentes. Aos 15 anos, a aten¢do sustentada, memoria episddica e memoria de
trabalho foram examinadas por meio de subtestes contidos na Bateria Automatizada de
Testes Neuropsicoldégicos de Cambridge (CANTAB, do inglés Cambridge
Neuropsychological Testing Automated Battery) (Luciana & Nelson, 2002). As avaliagdes
foram realizadas por uma equipe treinada de psicologos na clinica de pesquisa.

e Controle atencional: aplicou-se uma tarefa de avaliagdo de velocidade do
processamento verbal e controle atencional. A crianga foi exposta a uma fileira de 24
elementos, sendo eles os nimeros “1” e “2”. Em um primeiro momento, a crianga era
instruida a ler os nimeros o mais rapido possivel enquanto o instrutor mantinha o dedo
préoximo a cada numero na fileira até que a crianga o lesse corretamente. Esta tarefa foi
denominada “Same World”. Em um segundo momento, a crianca era instruida a ler a
fileira de nimeros o mais rapido possivel, mas dessa vez dizendo “um” quando o nimero
visto era “2” e dizendo “dois” quando o nimero visto era “1”. Esta tarefa foi denominada
“Oppositive World”. O tempo médio necessario para concluir a tarefa “Same World”,
considera-se como a medida da velocidade do processamento verbal. O tempo médio
necessario para concluir a tarefa "Opposite World" foi definido como a medida do
controle atencional.

e Atencio seletiva: esta habilidade foi avaliada pelo tempo de laténcia na tarefa “Sky-
Search”. Inicialmente, a crianca foi instruida a selecionar pares de naves espaciais dentre
naves espaciais correspondentes e nao correspondentes. Na folha de teste, 50% dos pares

de naves espaciais eram correspondentes. Foram registrados o tempo total em segundos
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para a realizacdo da tarefa (circular todos os pares de naves espaciais) e o numero de
acertos (pares de naves correspondentes). Em um outro momento, a crian¢a foi instruida
a realizar o mesmo procedimento em uma folha de treino que continha apenas pares
correspondentes. O tempo total para a realizagdo dessa tarefa e o nimero de acertos foram
registrados. O tempo de laténcia, utilizado como medida final da atengdo seletiva,
consistiu na subtracdo do tempo total no teste contendo pares correspondentes e ndo
correspondentes pelo tempo total no teste contendo apenas pares correspondentes.
Flexibilidade cognitiva: o instrumento de avaliacdo da flexibilidade cognitiva foi o
tempo de laténcia em uma tarefa de atencdo dupla do subteste “Sky-Search”, contido no
TEA-Ch. Inicialmente, a crianca foi instruida a selecionar pares de naves espaciais
correspondentes dentre naves correspondentes e ndo correspondentes contidas na folha
de teste. Em seguida, a mesma tarefa foi repetida com a adigdo de outra tarefa: a crianga
também foi solicitada a contar o numero de ruidos (batidas) emitidos por uma gravagao
enquanto realizava a tarefa. A diferenca no tempo de execucdo e precisdo ao concluir as
tarefas com e sem a adi¢do de ruidos foi considerada como medida de indicagdo de
flexibilidade cognitiva.

Atencdo sustentada: avalisou-se essa fungdo executiva por meio do subteste de
Processamento Visual Rapido (RVP, do inglés Rapid Visual Processing). Uma caixa
branca no centro da tela exibia digitos de 2 a 9 em uma ordem pseudorranddémica a uma
taxa de 100 digitos por minuto. Os participantes foram solicitados a detectar sequéncias-
alvo de digitos (por exemplo, 2-4-6, 3-5-7, 4-6-8). Quando o participante via a sequéncia-
alvo, ele tinha que responder selecionando o botdo no centro da tela o mais rapido
possivel. O nivel de dificuldade variava, com os participantes sendo requeridos a
monitorar uma ou trés sequéncias-alvo simultaneamente. Foi utilizado como desfecho a
variavel continua, no intervalo entre 0,0 e 1,0, representando a sensibilidade do sujeito
em detectar sequéncias-alvo (valores mais altos indicavam maior sensibilidade).
Meméria episdédica: utilizou-se o subteste de Aprendizado de Associagdo Pareada (PAL,
do inglés Paired Associated Learning) para avaliar esta funcdo executiva. Caixas eram
exibidas na tela e abertas em uma ordem aleatoria, com uma ou mais contendo um padrao.
Os padrdes eram entdo exibidos no centro da tela, um de cada vez, e o participante

precisava selecionar a caixa onde cada padrdo foi inicialmente localizado. Em caso de
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erro, as caixas eram reabertas sequencialmente para lembrar o participante das
localizag¢des dos padrdes. O desfecho consistiu em uma variavel continua representando
a frequéncia de selegdes incorretas de caixas para os padrdes pelos participantes (valores
mais altos indicavam pior desempenho).

e Memoria de trabalho: esta funcdo executiva foi avaliada utilizando o subteste de
Memoéria de Trabalho Espacial (SWM, do inglés Spatial Working Memory). O teste
comecava com varios quadrados coloridos (caixas) exibidos na tela. O objetivo deste
teste era que os participantes localizassem um "token" amarelo em cada uma das varias
caixas e os utilizassem para preencher uma coluna vazia no lado direito da tela. O numero
de caixas exibidas para os participantes procurarem poderia aumentar gradualmente, com
base no nivel de dificuldade do teste, com um maximo de 12 caixas. Para desencorajar o
uso de estratégias de busca estereotipadas, a cor e a posi¢do das caixas variavam de uma
tentativa para outra. O desfecho foi definido como uma variavel continua indicando a
frequéncia de revisitas a caixas onde um token havia sido encontrado incorretamente

(valores mais altos indicavam pior desempenho).

6.3 Anailise dos fatores de risco para as funcdes executivas na adolescéncia:

resumo dos métodos para responder ao objetivo especifico 2

Os desfechos estudados foram as fungdes executivas de controle atencional,
flexibilidade cognitiva e aten¢do seletiva aos 11 anos e memoria de trabalho espacial aos 15
anos coletadas na Coorte de Nascimentos de Pelotas de 2004. Essas variaveis foram
dicotomizadas para definir um grupo de baixo desempenho. A categorizagdo das fungdes
executivas relacionadas a atenc¢do foi feita usando um ponto de corte abaixo do 10° percentil,
indicando aquelas criangas que levaram mais tempo para completar a tarefa, enquanto a
categorizacdo da memoria de trabalho espacial foi baseada no ponto de corte do 3° tercil,
identificando aqueles com maior nimero de erros.

As variaveis independentes foram coletadas na entrevista perinatal e incluiram renda
familiar (medida como varidvel continua e categorizada em quintis), escolaridade materna
(categorizada em 0, 1-4, 5-8 e > 9 anos de educagdo formal), cor da pele materna auto-
relatada (branca, preta, parda, amarela/indigena), arranjo domiciliar (sozinha ou com

parceiro), idade materna (< 20, 20-34 e > 35 anos), e paridade (definida como o nimero de
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filhos previamente nascidos e categorizada como 1, 2 e > 3). O tabagismo durante a gravidez
foi avaliado retrospectivamente no nascimento por relato materno; fumantes regulares foram
definidas como mulheres que fumavam pelo menos um cigarro por dia em qualquer trimestre
da gravidez.

As variaveis independentes da crianca avaliadas ao nascimento foram baixo peso ao
nascer (< 2.500 g) e prematuridade (idade gestacional < 37 semanas). A duracdo da
amamentac¢do foi avaliada por relato materno aos 24 meses e categorizada como < 1, 1-3, 3-
6, 6-12 ou > 12 meses. Outras variaveis independentes como a auséncia do pai (pai social ou
bioldgico), foi medida nos primeiros 48 meses de vida (nunca ausente, ausente aos 24 meses,
ausente aos 48 meses, sempre ausente). O nimero de irmaos mais velhos (nenhum, 1, > 2)
foi relatado pela mde na entrevista perinatal. Também foram utilizadas como varidveis
independentes as trajetorias dos sintomas depressivos maternos e parentalidade negativa.

Para a andlise estatistica, comparagdes entre caracteristicas socioecondmicas,
maternas e de nascimento entre os participantes dos acompanhamentos de 11 anos (n=3.582)
e 15 anos (n=1.950) em relagdo ao niimero total de participantes na linha de base (n=4.231)
foram realizadas usando o teste do qui-quadrado. A analise descritiva foi realizada calculando
as frequéncias absolutas e relativas das varidveis de interesse. A andlise estatistica bivariada
entre cada exposicdo e os desfechos do estudo foi realizada por meio do teste do qui-
quadrado. Para estudar os potenciais fatores de risco para desempenho prejudicado nas
funcdes executivas relacionadas ao controle atencional, flexibilidade cognitiva, atencao
seletiva, e memoria de trabalho espacial, modelos de regressdo logistica foram construidos
para cada funcdo executiva analisada e o ajuste foi realizado usando um modelo conceitual
hierarquico para determinar os fatores de risco com quatro niveis: 1) nivel 1: ajuste para
caracteristicas maternas, socioecondmicas e gestacionais; 2) nivel 2: ajuste para variaveis do
nivel 1 e caracteristicas ambientais; 3) nivel 3: ajuste para varidveis do nivel 2 e
caracteristicas de nascimento e amamentacao; 4) nivel 4: ajuste para varidveis do nivel 3 e
maus-tratos na infancia. Razdes de chances (OR) foram usadas para avaliar as associagdes
entre varidveis. Se o nivel de significancia fosse abaixo de 0,20, a varidvel permanecia no
modelo como um potencial confundidor para o préximo nivel. Um nivel alfa de 0,05 foi
considerado para indicar uma associacdo. Todas as andlises foram conduzidas usando o

software Stata, versdo 16.1. Uma andlise adicional foi conduzida na qual potenciais fatores
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de risco foram modelados para dois grupos distintos: participantes pertencentes ao quintil de
renda mais baixo, representando o grupo economicamente desfavorecido; e os outros

participantes pertencentes do segundo ao quinto quintis de renda.

6.4 Analise das trajetorias dos sintomas depressivos maternos, parentalidade
negativa e funcoes executivas aos 15 anos: resumo dos métodos para responder ao

objetivo especifico 3

Os desfechos estudados foram a atengdo sustentada, memoria de trabalho espacial e
memoria episddica aos 15 anos medidas nos adolescentes da Coorte de Nascimentos de
Pelotas de 2004. Os desfechos foram utilizados em forma de varidvel continua. Para cada
desfecho, foram calculados a média, o desvio padrdo, os percentis e a faixa de valores
medidos. O tempo total para concluir os trés subtestes foi calculado em minutos, subtraindo-
se o tempo inicial do tempo final ao término do subteste.

A exposicao principal examinada foram as trajetorias dos sintomas depressivos
maternos, ja descritas anteriormente. O potencial mediador da parentalidade negativa entre
as trajetérias dos sintomas depressivos maternos e as funcdes executivas também foi
examinado neste estudo.

Os potenciais fatores de confusdo incluiam varidveis coletadas no nascimento do
adolescente, como a renda familiar, a escolaridade materna, a cor da pele materna
autodeclarada, a idade materna e a paridade. O tabagismo durante a gravidez foi avaliado
retrospectivamente no nascimento por meio de relato materno. A idade gestacional foi
estimada usando o primeiro dia da ultima menstruagdo normal ou por ultrassom obstétrico
antes de 20 semanas de gestagdo, se os dados menstruais fossem pouco confidveis ou
indisponiveis. O nascimento prematuro foi definido como gestagdo <37 semanas.

As comparagdes entre as caracteristicas socioecondmicas, maternas e de nascimento
dos participantes no acompanhamento de 15 anos (N=1950) e o niimero total de participantes
na linha de base (N=4231) foram realizadas usando o teste qui-quadrado. A analise descritiva
foi feita calculando as frequéncias absolutas e relativas das varidveis incluidas na andalise. A
média e o desvio padrao dos desfechos, de acordo com as caracteristicas maternas e dos

adolescentes, foram analisados usando analise de varidncia (ANOVA).
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Uma série de modelos de regressdo linear passo a passo foi realizada separadamente
entre exposicdo e mediador, mediador e desfechos, e exposi¢do e desfechos. Em seguida,
cada conjunto de possiveis fatores de confusdo foi incluido para cada via na analise de
mediagdo. As varidveis foram mantidas no modelo de regressdo linear se seu nivel de
significancia fosse abaixo de 0,20 (Maldonado & Greenland, 1993).

Os modelos de andlise de mediacdo foram construidos por meio da andlise de
caminhos para as trés fungdes executivas dos adolescentes: atengdo sustentada, memoria
episddica e de trabalho (MacKinnon et al., 2007). Para cada modelo, foi quantificado: o
caminho direto entre as trajetorias dos sintomas depressivos maternos e a fungdo executiva
correspondente (caminho c’); o efeito direto entre as trajetdrias dos sintomas depressivos
maternos e a parentalidade negativa (caminho a), o efeito direto entre a parentalidade
negativa e a fun¢do executiva correspondente (caminho b), o efeito indireto (ou seja, o efeito
de mediacdo) por meio da parentalidade negativa (caminho a*b); e o efeito total (caminho
¢). Inicialmente, as associagdes entre as trajetorias dos sintomas depressivos maternos € as
fungdes executivas dos adolescentes foram examinadas usando modelos de regressdo linear
multivariada para cada desfecho (efeitos totais). Subsequentemente, a modelagem de
equagoes estruturais (SEM) foi utilizada para examinar o papel mediador da parentalidade
negativa na relacdo entre as trajetorias dos sintomas depressivos maternos e as fungdes
executivas dos adolescentes. Todos os modelos foram ajustados para os possiveis fatores de
confusdo identificados previamente. Todas as andlises estatisticas foram bicaudais, e a
significancia foi estabelecida em 0,05. As estatisticas descritivas foram realizadas usando o
Stata versdo 14.2. A regressao linear e a andlise de caminhos foram realizadas no Mplus

versdo 8.1 com estimador de méaxima verossimilhanca e erros padrao bootstrap.
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7 RESULTADOS

7.1 Resumo dos principais resultados do primeiro artigo: Rodrigues et al, 2024.

Artigo 1: Rodrigues JS, Valero MP, Trambaiolli LR, Bozzini AB, Matijasevich A.
Impact of maternal depressive symptoms on offspring executive functions: a

systematic review. Revista brasileira de psiquiatria. Sdo Paulo, Brazil. 2024 Mar 1.

Usando os critérios de busca, 11.395 estudos foram identificados (2.156 do Science
Direct, 2.179 do PsychInfo, 229 do LILACS, 53 do SciELO e 6.778 do Pubmed), dos quais
451 duplicados foram removidos (Anexo B). Apos a avaliagdo dos titulos e resumos, 10.719
artigos foram eliminados. Com base nos critérios de incluso e exclusdo, um total de 33 artigos

foram incluidos nesta revisio.

Os 33 estudos foram publicados entre 2010 e 2022. Os tamanhos das amostras
variaram de 57 a 6.979 participantes. A maioria dos estudos foi conduzida na populacio
geral, com excecdo de Comas et al. (2011), Hughes et al. (2012) e Rhoades et al. (2013) que
utilizaram coortes de comunidades de baixa renda, e Priel et al. (2014) com uma coorte que
incluia apenas familias de baixo risco, excluindo casos de pobreza, monoparentalidade,
nascimento prematuro ou maternidade na adolescéncia.

As populagdes dos estudos foram distribuidas geograficamente da seguinte forma: 21
estudos foram realizados na América do Norte, 7 na Europa, 2 na Africa, 2 na Asia e 1 na
Oceania.

Dos 33 estudos examinados, 32 usaram ferramentas de rastreamento para detectar
sintomas depressivos maternos. Ferramentas de rastreamento sdo muito uteis, embora nao
fornegam diagnosticos clinicos. A Escala de Depressao Pos-Parto de Edimburgo (EPDS), por
exemplo, foi 0 método adotado pela maioria dos autores para detectar sintomas depressivos
maternos no periodo pré-natal e/ou pos-parto.

Trés estudos construiram trajetorias da depressdo materna. No estudo de Oh et al.
(2018), a Analise de Perfil Latente foi empregada para identificar trés classes distintas: "sem
sintomas" (escores abaixo de 10 pontos), "sintomas leves" (escores de 11 a 13 pontos) e
"sintomas moderados" (escores entre 15 e 19 pontos). Rinne et al. (2019) usou a analise de

crescimento de curva latente com sintomas depressivos padronizados em quatro pontos no
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tempo. Vinska et al. (2020) usou a modelagem de mistura de fatores e identificou cinco
classes de trajetdria: sintomas baixos estaveis, problemas pré-natais (sofrimento psicoldgico
principalmente durante a gravidez), problemas no inicio do pds-parto (sofrimento
psicologico principalmente 2 meses apds o nascimento), problemas no final do pds-parto
(sofrimento psicologico principalmente 12 meses apds o nascimento) e problemas altos
heterogéneos (taxas mais altas de sofrimento psicologico desde a gravidez até 12 meses apds
0 nascimento).

Os estudos incluidos nesta revisdo reportaram as func¢des executivas de duas formas
principais: por meio de testes cognitivos e/ou questionarios reportados pelos pais ou
cuidadores. Vinte e seis dos 33 estudos se basearam em testes para avaliar as fungdes
executivas. Dentre os 33 estudos incluidos nesta revisao, trés diferentes formas de relatar os
resultados das fungdes executivas foram observadas: 9 estudos relataram o resultado por
dominio especifico; 23 relataram escores totais incluindo multiplos dominios; e 14 estudos
apresentaram os resultados de acordo com a tarefa avaliada durante a entrevista.

A associacdo negativa entre a exposicao aos sintomas depressivos maternos e as
funcdes executivas das criangas foi consistente em 26 estudos, sugerindo que criangas cujas
maes apresentavam niveis mais altos de sintomas depressivos maternos apresentaram pior
desempenho nas fung¢des executivas em comparacdo com criangas cujas maes nao
apresentavam sintomas depressivos ou apresentavam sintomas leves. Os estudos utilizaram
uma ampla gama de varidveis de confusdo, como istatus socioeconomico familiar, QI
materno, idade da crianga, sexo, peso ao nascer, idade gestacional e educagdo materna.

Em geral, os estudos apresentaram qualidade satisfatoria. Viés de selecao e/ou relato
foi identificado em 18 dos 33 estudos (Material Suplementar, Tabela S2). Diferentes niveis
de sintomas depressivos maternos foram pouco investigados entre os estudos. A maioria
deles analisou os sintomas depressivos maternos como uma variavel dicotdmica, e poucos
estudos examinaram trajetorias de depressdo materna e/ou consideraram categorias de

diferentes niveis de exposi¢ao.
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7.2 Resumo dos principais resultados do segundo artigo: Rodrigues et al, 2023.

Artigo 2: Rodrigues JS, Matijasevich A, Tovo- Rodrigues L, Munhoz TN, Santos IS,
Pastor-Valero M. Risk factors for executive function impairment in adolescence: an
analysis of data from the 2004 Pelotas Birth Cohort study. Braz J Psychiatry.
2023;45:470-481.

Os participantes que foram acompanhados aos 11 e 15 anos apresentaram melhores
indicadores socioecondmicos do que a amostra inicial como um todo (Anexo C). A maioria
das maes dos participantes acompanhados aos 11 e 15 anos de idade eram brancas, tinham
entre 20 e 34 anos, possuiam pelo menos 9 anos de escolaridade e ndo fumaram durante a
gravidez. A prevaléncia de meninos foi ligeiramente maior tanto no acompanhamento aos 11
quanto aos 15 anos. A maioria dos pais dos adolescentes esteve presente durante a infancia.
Além disso, a maioria dos adolescentes foi amamentada por pelo menos o primeiro més de
vida.

As analises ajustadas revelaram que diversos preditores perinatais ¢ da infancia
estavam associados a prejuizos nas fungdes executivas relacionadas a atengdo e & memoria
de trabalho. Baixa escolaridade materna foi um forte preditor de déficit nas fungdes
executivas relacionadas a atengdo (controle atencional: OR= 4,10; I1C95% (1,53-10,95);
flexibilidade cognitiva: OR=2,49; 1C95% (0,84-7,39); atencao seletiva: OR=9,15; 1C95%
(3,82-21,96) e na memoria de trabalho: OR=4.98; 1C95% (1,41-17,62). Este resultado
permaneceu consistente mesmo apo6s a estratificacdo por renda familiar. Além disso, menor
renda familiar foi associada a maiores chances de comprometimento do controle atencional
(OR= 1,95; 1C95% (1,20-3,17)). Criangas cujas maes se auto-declararam negras tiveram
desempenho pior do que criangas de maes auto-declaradas brancas no controle atencional,
aten¢do seletiva (OR=2,47; 1C95% (1,86-3,27)) e memoria de trabalho (OR=1.52; 1C95%:
(1,15-2,02)). Este resultado persistiu para o comprometimento da atencdo seletiva mesmo
quando a estratificacdo por renda familiar foi considerada.

Ter um maior nimero de irmdos foi associado ao comprometimento do controle
atencional (OR=1,60; 1C95% (1,10-2,33)) e da memoria de trabalho (OR=1,89; 1C95%
(1,41-2,53)). Além disso, baixo peso ao nascer foi relacionado a pior atencao seletiva aos 11

anos de idade (OR=1,98; 1C95% (1,40-2,79)). As trajetérias de sintomas depressivos
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maternos moderada-baixa e decrescente estiveram associadas a pior memoria de trabalho aos
15 anos (respectivamente: OR=1,61; IC95% (1,23-2,12); OR=1,52; IC95% (1.02-2.25)). A
estratificacdo por renda familiar revelou que, dentro do grupo do quintil de renda mais baixa,
trajetorias de sintomas depressivos maternos moderada-baixa e decrescente estiveram
associadas ao comprometimento do controle atencional (respectivamente: OR=1,61; (IC95%
1,23-2,12); OR=1,52; 1C95% (1.02-2.25)).

Em termos de diferencas de sexo, meninas exibiram um risco reduzido de
comprometimento da atencao seletiva aos 11 anos (OR=0,54; 1C95% (0,44-0,67)), enquanto
apresentaram pior desempenho na memoria de trabalho espacial aos 15 anos (OR=1,41;
1C95% (1,11-1,78)).

A amamentagdo emergiu como um fator protetor, reduzindo as chances de comprometimento
da flexibilidade cognitiva (OR= 0,36; 1C95% (0,21-0,62)), independentemente de sua
duracdo. Além disso, observou-se um efeito protetor no qual adolescentes cujas maes tinham
35 anos ou mais no momento do nascimento apresentaram melhor atengdo seletiva em

comparag¢do com filhos cujas maes tinham 20 e 34 anos (OR=0,55; 1C95% (0,37-0,82)).
7.3 Resumo dos principais resultados do terceirio artigo: Rodrigues et al, 2024.

Artigo 3: Rodrigues, JS., Pastor-Valero, M., Maruyama, JM., Munhoz, TN., Santos,
1S., Barros, AJD., Tovo-Rodrigues, L., & Matijasevich, A. (2024). Examining
pathways between trajectories of maternal depressive symptoms, harsh parenting,

and adolescent executive functions: Insights from the 2004 Pelotas Birth Cohort.

A atencdo sustentada, a memoria episodica e a memoéria de trabalho estiveram
correlacionadas entre si (r = 0,94; r = 0,94; r = 0,96, respectivamente) (Anexo D). O tempo
médio para realizar os trés subtestes foi de 39,61 (3,29) minutos. O numero médio (DP) de
erros totais no subteste de memoria episodica foi de 10,70 (11,20), variando de 0 a 68. A
aten¢do sustentada, avaliada pelo subteste de processamento visual rapido, apresentou uma
sensibilidade média (DP) de 0,82 (0,07), com uma variagao de 0,28 a 0,98. Além disso, o
nimero médio (DP) de erros totais na memoria de trabalho, avaliada pelo subteste de
memoria de trabalho espacial, foi de 14,21 (8,18), variando de 0 a 44.

Adolescentes cujas maes estavam na trajetdria de sintomas depressivos cronica-alta

exibiram menor sensibilidade média de aten¢do sustentada em 0,016 pontos em comparacao
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com aqueles cujas maes pertenciam a trajetdria baixa de sintomas depressivo. Nao houve
evidéncia de um efeito direto das trajetérias dos sintomas depressivos maternos na atencao
sustentada. No entanto, evidéncias de efeitos totais e indiretos indicam que essa associag¢ao
foi parcialmente mediada pela parentalidade negativa (efeito indireto (a3*b): B=-0,003;
SE=0,001; IC95% (-0,004; -0,001); efeito indireto (a4*b): B=-0,007; SE=0,002; 1C95% (-
0,010; -0,004)) em adolescentes de maes pertencentes as trajetoria crescente de sintomas
crescentes (proporc¢ao explicada: 19% (18%; 45%)) e cronica-alta (propor¢ao explicada: 42%
(34%; 186%)) em comparagdo com a trajetoria baixa de sintomas depressivos maternos. A
parentalidade negativa esteve negativamente associada a atenc¢ao sustentada (Caminho b: B=-
0,003; SE=0,001; 1C95% (-0,004; -0,002)).

Adolescentes cujas maes pertenciam a trajetoria cronica-alta de sintomas depressivos
apresentaram um maior nimero de erros totais na memoria episodica, com uma diferenca de
0,252 pontos em comparagdo com aqueles cujas maes pertenciam a trajetdria baixa de
sintomas depressivos. Nossas andlises ndo revelaram efeitos diretos ou totais das trajetorias
dos sintomas depressivos maternos na memoria episodica dos adolescentes. Efeitos indiretos
entre todas as trajetdrias de sintomas depressivos maternos e memoria episddica foram
observados, sugerindo que essa associagdo foi mediada pela parentalidade negativa. A
magnitude do efeito indireto foi maior nas trajetorias crescentes (efeito indireto (a3*b):
B=0,288; SE=0,127; 1C95% (0,109; 0,532)) e crénica-alta (efeito indireto (a4*b): B=0,717,
SE=0,304; 1C95% (0,262; 1,266)). A parentalidade negativa foi negativamente associada a
memoria episddica dos adolescentes (Caminho b: B=0,288; SE=0,113; 1C95% (0,099;
0,473)).

Nao foi encontrado efeito indireto das trajetorias dos sintomas depressivos maternos
na memoria episodica, indicando que essa associagdo ndo foi mediada pela parentalidade
negativa (efeito indireto (a3*b): B=0,085; SE=0,090; I1C95% (-0,052; 0,248); efeito indireto
(a4*b): B=0,199; SE=0,206; 1C95% (-0,131; 0,544)). Efeitos totais mostraram que
adolescentes cujas maes estavam nas trajetorias crescente (B=1,277; SE=0,636; 1C95%
(0,277; 2,322)) e moderadas baixa (B=1,064; SE=0,419; 1C95% (0,353; 1,751))
apresentaram pior memoria de trabalho do que adolescentes cujas maes pertenciam a

trajetoria baixa de sintomas depressivos.
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8 DISCUSSAO

Os trés artigos que compde a presente tese contribuem para a compreensao na relagao
entre os sintomas depressivos maternos, examinados desde os trés meses aos 11 anos de idade
dos filhos, das praticas parentais negativas avaliadas aos 11 anos de idade, e de outros fatores
de risco, como a baixa escolaridade materna e a renda familiar, no comprometimento das
funcdes executivas de atencdo e memoria aos 11 e 15 anos. Cada artigo fornece uma
perspectiva Unica, desde uma revisao sistematica abrangendo diversos estudos de coorte até
andlises especificas baseadas na Coorte de Nascimentos de Pelotas de 2004. Os achados
ainda sugerem um caminho pelo qual as trajetérias dos sintomas depressivos maternos
poderiam afetar as fungdes executivas. A seguir, discutirei os resultados de cada estudo, suas

contribuigdes para a literatura existente e as implicagdes praticas para intervengdes futuras.

8.1 Impacto dos sintomas depressivos maternos nas funcoes executivas dos filhos

O primeiro artigo desta tese (Rodrigues et al., 2024) apresenta uma revisao
sistematica de 33 estudos longitudinais que investigam as consequéncias negativas da
exposicao aos sintomas depressivos maternos, desde o periodo perinatal até a adolescéncia,
nas fung¢des executivas dos filhos medidas durante a infancia e a adolescéncia. Em 25 dos 33
estudos, observou-se uma associagdo negativa entre os sintomas depressivos maternos € as
funcdes executivas dos filhos. Os resultados indicam que criangas e adolescentes expostos a
niveis mais elevados de sintomas depressivos maternos apresentaram pior desempenho em
fungdes executivas. Trés estudos incluidos na revisdo identificaram, ainda, que criangas cujas
maes pertenciam as trajetdrias crescente ou cronica-alta de sintomas depressivos durante a
infancia apresentavam maior comprometimentos das fungdes executivas em comparagao a
filhos cujas maes pertenciam a trajectoria baixa (Oh et al., 2020; Park et al., 2018; Rinne et
al., 2022). Esses achados estdo em linha com estudos longitudinais que revelaram que
criancas cujas maes tiveram sintomas depressivos persistentes graves na infancia
apresentavam mariores problemas emocionais e comportamentais do que aquelas cujas maes
tiveram sintomas persistentemente leves (Campbell et al., 2007; Flouri et al., 2017;
Matijasevich et al., 2015).

Estudos anteriores investigaram a influéncia da depressao perinatal na programagao

fetal, sugerindo que a exposi¢do a depressao materna durante a gravidez pode induzir
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modificacdes epigenéticas que afetam a expressdo génica do sistema hipotalamo-hipéfise-
adrenal (HPA) (Dickens & Pawluski, 2018; Molenaar et al., 2019). Essas possiveis alteragdes
podem predispor as criangas a uma maior vulnerabilidade ao estresse e a maiores dificuldades
nas fungdes executivas ao longo da vida (Dhaliwal et al., 2020; Neuenschwander et al., 2018;
Weikum et al., 2013). Além disso, em relagdo aos potenciais mecanismos que explicam a
associacdo entre sintomas depressivos maternos e as fungdes executivas dos filhos na
infancia e adolescéncia, estudos exploraram aspectos da relacdo mae-filho, como
parentalidade, sensibilidade materna, "calor maternal" e apego (Baker, 2018; Ku & Feng,
2021). Esses fatores tém sido amplamente discutidos na literatura como possiveis mediadores
entre sintomas depressivos maternos e desfechos comportamentais, como internalizacdo e
externalizacdo (Kuckertz et al., 2018; Wolford et al., 2019). A evidéncia de que a
parentalidade pode mediar a relacdo entre sintomas depressivos maternos e fungdes
executivas foi fundamental para embasar o terceiro artigo deste estudo, que investiga
especificamente o papel mediador da parentalidade negativa nas fungdes executivas de
adolescentes.

A maioria dos estudos incluidos nesta revisdo sistemdatica examinou populagdes do
Norte Global, o que limita a compreensdo do tema em paises do Sul Global. Nessas regioes,
a depressao materna ¢ mais prevalente e frequentemente associada a adversidades familiares
(J. Fisher et al., 2012). Maes com depressdo severa e cronica relatam com maior frequéncia
terem sofrido violéncia intima, apresentarem pior estado de saude e lidarem com problemas
de ansiedade ou abuso de substincias (Conlon & Lynch, 2008). Esses fatores reduzem as
chances de um ambiente propicio ao desenvolvimento saudavel e aumentam o risco de
repercussoes negativas no desenvolvimento infantil dos filhos (Gelaye et al., 2016b). O
acesso a um suporte social adequado, a uma renda suficiente e a um ambiente livre de estresse
e conflitos propicia maiores interagdes positivas que promovem o desenvolvimento saudéavel

das criangas (Deutz et al., 2020).

8.2 Fatores de risco associados as funcées executivas na adolescéncia:

implicagdes dos achados da coorte de pelotas de 2004

O segundo artigo que compde esta tese (Rodrigues et al, 2023) destaca a baixa

escolaridade materna como o fator de risco com o maior impacto negativo nas fungdes
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executivas relacionadas a atencdo aos 11 anos e na memoria de trabalho espacial aos 15 anos.
Além disso, os resultados indicaram que a amamentacdo (independentemente da duragdo) e
a maternidade tardia tém um efeito protetor no desempenho das fung¢des executivas
relacionadas a atencdo aos 11 anos na Coorte de Nascimentos de Pelotas de 2004.

Atualmente, muitos estudos que examinam populacdes de paises do Norte Global se
concentram na baixa renda familiar como o principal fator socioecondomico associado
negativamente as fungdes executivas (Lawson et al., 2018). Considerando que no Brasil cerca
de 42% das criangas de 0 a 14 anos vivem na pobreza, a renda familiar de fato configura um
determinante social muito relevante (Junior, 2016). No entanto, nosso estudo identificou que
a baixa escolaridade materna exerce um impacto ainda mais significativo sobre prejuizos as
funcdes executivas aos 11 e 15 anos de idade. Em comparagao com os paises do Norte Global,
os paises do Sul oferecem menos protecdo social para as criangas em termos de nutri¢ao,
saude e educacdo, o que torna o papel das maes e cuidadores ainda mais central no processo
de desenvolvimento infantil (Bedaso et al., 2021; Obradovi¢ & Willoughby, 2019). Isso
configura um importante problema, ao considerar que maes cujo desenvolvimento cognitivo
foi adverso ao longo da vida tém mais chances de terem filhos que também enfrentem
dificuldades semelhantes (Jeong et al., 2021). Sem a interven¢@o adequada, ¢ possivel que a
transmissdo intergeracional seja algo recorrente, especialmente em paises de baixa e média
renda (Brieant et al., 2017). Estudos revelam que um maior nivel de escolaridade das maes
estd diretamente relacionado a uma maior variedade de estratégias de estimulagdo e interacao
com seus filhos, bem como a um maior conhecimento sobre o desenvolvimento infantil
(Fonseca et al., 2017). A maior escolaridade materna também estd associada a uma
diminuicdo do risco de sintomas depressivos, 0 que, por sua vez, impacta positivamente na
qualidade da relagdo parental mae-filho (Jeong et al., 2017).

A amamentagao foi identificada como um fator protetor para a flexibilidade cognitiva
aos 11 anos de idade, independentemente da sua duracdo. Nossos achados estdo alinhados
com observacgdes longitudinais do estudo de coorte de nascimento de Pelotas de 1982
(Victora et al., 2015). Este estudo destaca a associacdo entre amamentacdo ¢ melhor
desempenho em testes de inteligéncia mesmo apds trés décadas. Importante ressaltar que,
apesar do reconhecimento crescente dos efeitos positivos da amamentagdo no

desenvolvimento cognitivo infantil, hd evidéncias limitadas associando-a a flexibilidade
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cognitiva. A duragdo da amamentagdo ¢ um comportamento complexo influenciado por
varios fatores, incluindo a duracdo e exclusividade do padrio de amamentagdo, saude
materna e outras praticas de alimenta¢do infantil, como a idade de introdu¢@o de alimentos
complementares (McGowan & Bland, 2023). Esses fatores podem variar entre os estudos
que buscam descrever a relagdo entre a amamentacdo e o desenvolvimento das fungdes
executivas, resultando em resultados inconsistentes. Os efeitos de longo prazo da
amamentacdo na flexibilidade executiva e no desenvolvimento cognitivo ndo sao
completamente compreendidos, sendo necessario maior aprofundamento sobre os
mecanismos fisiolégicos e comportamentais subjacentes as associagdes observadas (Lopez
et al., 2021).

Este estudo revela a associag@o entre diversas caracteristicas perinatais, maternas e
ambientais e o comprometimento das fungdes executivas na adolescéncia. Os achados
sugerem que esse comprometimento resulta da convergéncia de multiplas influéncias
ambientais, em vez de exposi¢des individuais isoladas. Ao considerar futuras politicas
publicas que possam melhorar o desenvolvimento das fungdes executivas em criangas,
especialmente aquelas expostas a eventos negativos ou ambientes inseguros em paises de
baixa e média renda, torna-se imperativo destacar o papel das influéncias positivas em suas
experiéncias de vida precoce. Uma meta-analise recente de 102 estudos mostrou que
intervengdes parentais t€ém impacto significativamente maior no desenvolvimento cognitivo
infantil em paises de baixa e média renda comparados a paises de alta renda (K. Cheung &
Theule, 2019). Intervengdes que priorizam sensibilidade e responsividade dos pais foram até
trés vezes mais eficazes nesses contextos, destacando a importancia de um ambiente familiar
positivo para mitigar os efeitos de ambientes inseguros no desenvolvimento das fungdes

executivas das criangas.

8.3 Trajetorias dos sintomas depressivos maternos, parentalidade e funcgoes

executivas: relevancia dos achados aos 11 e 15 anos na coorte de pelotas de 2004

As analises de caminho realizadas no terceiro artigo desta tese (Rodrigues et al.,
2024b), submetido no Journal of Affective Disorders Reports, revelaram que as trajetorias
dos sintomas depressivos maternos ndo t€ém uma associagdo direta com as fungdes executivas

dos adolescentes. No entanto, ao considerar os efeitos indiretos, a parentalidade negativa
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emergiu como um mecanismo explicativo. Quando a parentalidade negativa foi considerada
um mediador, verificou-se que os adolescentes cujas maes estavam na trajetoria “cronica-
alta” apresentaram comprometimento na aten¢do sustentada e memoria episddica aos 15
anos, em comparacao com adolescentes cujas maes pertenciam a trajetoria “baixa”.

Nossos resultados estdo alinhados com um estudo envolvendo 1.292 familias em
comunidades rurais de baixa renda nos Estados Unidos (Gueron-Sela et al., 2018), que
revelou que sintomas depressivos maternos aos 15 e 24 meses ndo mostraram associagao
direta com fungdes executivas aos 3 anos de idade. Por outro lado, comportamentos parentais
negativos, como disciplina severa, mediaram parcialmente essa relagdo. Comportamentos
parentais severos introduzem fontes de estresse e estimulacdo excessiva, prejudicando a
habilidade da crianga em controlar efetivamente a aten¢do e o comportamento direcionado a
metas (Berthelon et al., 2020), ambos essenciais para o desenvolvimento das fun¢des
executivas (Garon et al., 2008; Perone et al., 2018; Tovo-Rodrigues et al., 2024).

Quanto mais severos e persistentes os sintomas depressivos experimentados durante
a infancia, mais frequentes foram as praticas severas de criacdo observadas aos 11 anos de
idade. Isso, por sua vez, esteve associado a uma menor atencdo sustentada e memoria
episddica aos 15 anos de idade. Esse padrao de dose-resposta sugere que a gravidade e a
duragdo dos sintomas depressivos maternos durante a infincia podem ter um efeito
acumulativo sobre os comportamentos parentais, impactando o desenvolvimento cognitivo
durante a adolescéncia. Estudos longitudinais anteriores consistentemente evidenciam uma
relacdo dose-resposta entre a exposi¢do prolongada aos sintomas depressivos maternos € o
comprometimento das func¢des executivas nos filhos (Oh et al., 2020; Park et al., 2018; Rinne
et al., 2022). Contudo, essas pesquisas foram conduzidas em paises de alta renda e focaram
exclusivamente nas trajetorias até os trés anos de idade, além de analisar as fungdes
executivas das criancas dos trés aos sete anos, sem explorar os possiveis mecanismos
subjacentes. Nosso estudo expande esses achados ao identificar um mecanismo pelo qual os
efeitos de longo prazo da depressdo materna persistente impactam as func¢des executivas dos
adolescentes ao longo de toda a infancia. Os resultados deste estudo fornecem evidéncias
importantes para a construcdo de estratégias de intervencdo direcionadas a criangas e

adolescentes de maes que apresentam sintomas depressivos. Além disso, o desenho
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prospectivo do nosso estudo garantiu a ordem temporal entre exposi¢do, mediador e

desfechos, aumentando a confianga na inferéncia de caminhos causais especificos.

8.4 Limitacées e ponderacoes

Embora a presente tese de doutorado tenha apresentado descobertas significativas
sobre o tema, ¢ importante considerar certas ponderagdes sobre aspectos que ndo foram
abordados. Isso pode ser devido a limitagdes nos dados disponiveis e/ou a expansao além do
escopo inicial do projeto.

E importante destacar a auséncia de algumas variaveis essenciais tanto na analise da
satide mental materna quanto no desenvolvimento das func¢des executivas. Aspectos como o
envolvimento, a qualidade e a frequéncia da relagdo entre o pai e a crianga, bem como o nivel
de escolaridade paterno, poderiam influenciar ou explicar parte do impacto da depressao
materna sobre as fungdes executivas dos filhos (Baptista et al., 2017; K. Cheung & Theule,
2019; Lucassen et al., 2015).

Utilizamos instrumentos padronizados para avaliar fungdes executivas como a
memoria de trabalho visoespacial, flexibilidade cognitiva, atencdo seletiva e sustentada e
memoria episodica. No entanto, outras fungdes executivas como o auto-controle e a memoria
de trabalho verbal ndo foram avaliadas. Além disso, as tarefas foram realizadas em ambiente
controlado, nos laboratérios do Centro de Pesquisas Epidemioldgicas da Universidade
Federal de Pelotas, o que limita a percepcao holistica e contextual do desempenho dessas
habilidades.

O acompanhamento realizado aos 15 anos na Coorte de Nascimentos de Pelotas de
2004 sofre uma interrupcap devido a pandemia de COVID-19, resultando em uma perda de
aproximadamente 50% da coorte original. Os participantes avaliados aos 15 anos
apresentavam melhores condi¢des socioecondmicas. Portanto, ndo podemos descartar o viés
de atrito em nossas analises. Considerando que um status socioecondomico mais elevado esta
associado a melhores fungdes executivas na prole (Hackman et al., 2015), é possivel que
nossos resultados tenham sido subestimados.

Outras ponderagdes de ambito tedrico também devem ser discutidas. Primeiramente,

a frequéncia de praticas parentais negativas foi resportada pela mae ou cuidador principal, o
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que eventualmente pode ter introduzido viés durante a coleta de dados. O relato direto de
maus-tratos pelos adolescentes seria mais preciso na determinagdo da prevaléncia dessas
ocorréncias, evitando o viés de desejo social das respostas dos pais (Lev-Wiesel et al., 2019).
Em segundo lugar, dentro do campo da neuropsicologia, o conceito tedrico das fungdes
executivas e seus correlatos neurais ndo ¢ consensual e estd em constante debate (Cristofori
et al., 2019; Feng et al., 2022; Zelazo, 2020). Esta complexidade ressalta a importancia de
interpretar os resultados desta tese dentro do enquadramento conceitual adotado. De acordo
com a literatura, a definicdo mais amplamente aceita ¢ aquela proposta por Diamond et al.
(2014), e por isso optamos por utilizd-la para definir, conceituar e examinar as fungdes
executivas.

Em nossas andlises, utilizamos um instrumento para avaliar sintomatologia e ndo um
instrumento diagnostico para depressdo materna. Além disso, ao considerar a depressdo
materna como a principal exposi¢do, ¢ fundamental observar que a definicao de transtornos
mentais, incluindo suas causas, diagndsticos e tratamentos, € objeto de controvérsia (Gagné-
Julien, 2021). As discordancias surgem porque os critérios de disfun¢do e normalidade sdo
influenciados por valores socioculturais, levando ao diagndstico de transtornos mentais em
individuos cujas caracteristicas ou comportamentos ndo sao valorizados pela sociedade ou
desviam das expectativas sociais. Além disso, na ultima década, a satide mental a nivel global
vém sido abordada cada vez mais por concepgdes que adotam uma visdo individualizada,
enfatizando o tratamento e a ampliacdo de escala, negligenciando os determinantes sociais e
estruturais da saude (Clark, 2014). Essas questdes sdo essenciais para uma interpretacao

critica desta tese.

8.5 Fortalezas e relevancia

O conjunto de manuscritos desta tese utilizou os dados da Coorte de Nascimentos de
Pelotas de 2004, contribuindo para preencher a lacuna de estudos em populagdes de paises
de baixa e média renda, que frequentemente sdo negligenciadas em comparagdo com paises
de alta renda. Cerca de 90% das criangas e adolescentes do mundo vivem em paises de baixa
e média renda (LMICs, do inglés Low and Middle-Income Country), os quais apresentam
diferengas significativas em contextos socioculturais quando comparados ndo apenas entre

si, mas especialmente com os paises de alta renda (Shinde et al., 2023). As principais fontes
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de dados sobre saude dos adolescentes em paises de baixa e média renda sdo, em geral,
pesquisas realizadas em escolas, ou em visitas domiciliares (Patton et al., 2010). No Brasil,
a Pesquisa Nacional de Satide do Escolar — PeNSE realizada pelo Instituto Brasileiro de
Geografia e Estatistica (IBGE) tem por objetivo subsidiar o monitoramento de fatores de
risco e protecdo a saude em adolescentes escolares (Oliveira et al., 2017). Embora tanto as
modalidades baseadas em escolas quanto em comunidades possam fornecer dados
representativos nacionalmente entre adolescentes elegiveis, existem véarias limitagdes na
medicao da saude e bem-estar dos adolescentes em LMICs (Shinde et al., 2023). Essas
medidas ndo cobrem igualmente todos os subgrupos de adolescentes de diferentes géneros,
etnias e religides, além daqueles fora da escola e migrantes. Além disso, os dados
desagregados por idade frequentemente sdo escassos devido a cobertura incompleta. Varios
aspectos da saude dos adolescentes sdo inadequadamente abordados, incluindo saude mental
e uso de substancias.

Os dados utilizados nesta tese foram obtidos de uma ampla populagado brasileira nao
selecionada. O desenho prospectivo de nosso estudo garante uma ordem temporal entre as
exposicdes e desfechos, aumentando a confianca na inferéncia de vias causais especificas. A
coleta dos dados seguiu uma metodologia rigorosa, com informag¢des padronizadas e
questionarios previamente validados, permitindo o estudo de indicadores comportamentais,
socioecondmicos e de capital humano. Todas as analises estatisticas conduzidas seguiram
métodos pré-estabelecidos na literatura, e seguiram copiosamente as recomendagdes para a
adequeagdo das analises para os dados examinados. Os sintomas depressivos maternos foram
avaliados por meio de trajetorias de desenvolvimento ao longo dos primeiros 11 anos da
crianga, o que nos permitiu descrever os diferentes padrdes e progressao dos sintomas ao
longo do tempo, identificando os grupos de adolescentes mais vulnerdveis. Por fim, todas as
fungdes executivas examinadas foram avaliadas por meio de testes padronizados, evitando

viés de informagao.
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9 RECOMENDACOES E PERSPECTIVAS FUTURAS

Com base nos achados apresentados nesta tese de doutorado, enfatizamos a
importancia de se aprofundar o estudo sobre os mecanismos pelos quais os sintomas
depressivos maternos afetam as fungdes executivas dos filhos. Além da parentalidade
negativa, fatores como a qualidade do ambiente familiar, suporte social e aspectos culturais
devem ser considerados em futuras pesquisas para melhor compreender essa relagdo. A
inclusdo de variaveis relacionadas a figura paterna, como o envolvimento e a escolaridade, ¢
outra area de estudo recomendada, pois a literatura atual carece de informagdes sobre o
impacto dos pais no desenvolvimento cognitivo infantil.

Além disso, ¢ necessario que se amplie o foco das pesquisas com o intuito de incluir
contextos culturais e socioecondomicos variados, especialmente em paises de baixa e média
renda, onde a prevaléncia de depressdo materna e as condi¢cdes de vida podem diferir
significativamente dos paises de alta renda. Para reduzir o viés de informagao e obter uma
visdo mais precisa, sugere-se o uso de uma variedade de instrumentos de avaliacdo, incluindo
diagnosticos clinicos e autorrelatos de multiplos informantes. Sdo fundamentais estudos
longitudinais que acompanhem as criangas por maiores periodos para entender os efeitos de
longo prazo dos sintomas depressivos maternos, indo além dos primeiros anos de vida e
incluindo a adolescéncia e a idade adulta jovem.

Fortalecer redes de apoio comunitario, incluindo parceiros, familiares e profissionais
de saude, ¢ crucial para fornecer suporte emocional e pratico as maes, ajudando a reduzir o
isolamento e melhorando o bem-estar materno e infantil. Por fim, ¢ fundamental que politicas
publicas reconhegam a importancia da saude mental materna para o desenvolvimento infantil,
investindo em servigos de satide mental acessiveis e eficazes, especialmente em contextos de
vulnerabilidade socioecondmica. Essas recomendag¢des buscam ndo apenas avangar o
conhecimento académico sobre a depressdo materna e o desenvolvimento das fungdes
executivas, mas também orientar a possiveis intervengdes praticas e politicas publicas que

possam melhorar a qualidade de vida de maes e criangas em situa¢des de vulnerabilidade.
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10 CONCLUSAO

O conjunto de artigos apresentados nesta tese revela que o desenvolvimento das
funcdes executivas em adolescentes € negativamente impactado pelos sintomas depressivos
maternos dos 3 meses aos 11 anos e, também, por caracteristicas sociodemograficas e do
nascimento. Destacamos ainda que a parentalidade emerge neste estudo como um potencial
alvo para intervengdes e futuras politicas publicas destinadas a promover o desenvolvimento
cognitivo saudavel de adolescentes, especialmente aqueles em situagdo de vulnerabilidade.
Esta pesquisa oferece uma contribuicdo significativa a comunidade cientifica ao fornecer
evidéncias sobre o desenvolvimento das fungdes executivas, utilizando dados de uma coorte
de nascimentos brasileira. O objetivo primordial desta tese ¢ contribuir para o fornecimento
de suporte e recursos essenciais que possibilitem a criancas e adolescentes alcangcarem o
maximo potencial de desenvolvimento de suas funcdes executivas, proporcionando-lhes,

assim, um inicio de vida mais promissor.

10.1 Conclusoes de acordo com os objetivos propostos

e A revisdo sistematica constatou que a exposi¢do aos sintomas depressivos maternos
desde o perinatal até a adolescéncia tem um impacto negativo nas func¢des executivas dos
filhos ao longo de seu desenvolvimento na infancia e adolescéncia. Embora esse achado
seja consistente entre diferentes coortes, foram identificadas variagdes metodologicas nos
estudos incluidos. Nossos resultados corroboram pesquisas anteriores sobre outros
aspectos do desenvolvimento cognitivo e destacam a necessidade de aten¢do aos sérios
efeitos da depressdo materna no desenvolvimento infantil e adolescente.

e Entre diversos preditores, a baixa escolaridade materna teve o maior impacto negativo
nas funcgdes executivas relacionadas a atengdo aos 11 anos e na memoria de trabalho
espacial aos 15 anos. Outras varidveis sociodemograficas, como a cor da pele materna
(negra ou parda), baixa renda familiar, e fatores do nascimento, como baixo peso ao
nascer ¢ prematuridade, também foram identificadas como riscos para o
comprometimento das fungdes executivas nessas idades. Por outro lado, a amamentagao,
independentemente da duragdo, surgiu como um fator protetor para a flexibilidade
cognitiva aos 11 anos. Esses resultados oferecem evidéncias sobre o impacto de longo

prazo das exposicdes perinatais no desenvolvimento das fun¢des executivas e podem
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orientar politicas publicas futuras visando mitigar os efeitos adversos dos fatores de risco
e promover o desenvolvimento das fungdes executivas, especialmente em populacdes
vulneraveis.

Maes com sintomas depressivos elevados e persistentes durante a infincia empregam
praticas parentais negativas com maior frequéncia, o que, por sua vez, esta associado ao
comprometimento da atenc¢ao sustentada e memoria episodica em adolescentes. Embora
ndo tenhamos observado efeitos diretos entre as trajetdrias dos sintomas depressivos
maternos e as funcdes executivas, a parentalidade negativa aos 11 anos emergiu como
um mecanismo explicativo pelo qual sintomas depressivos graves e persistentes
impactam negativamente a ateng@o sustentada e a memoria episodica dos filhos. Estes
achados sublimam a necessidade de intervengdes que considerem as relagdes parentais
ao abordar o desenvolvimento cognitivo, visando mitigar resultados adversos e promover

0 bem-estar infantil e adolescente.
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11 CONCLUSION

El conjunto de articulos presentados en esta tesis revela que el desarrollo de las
funciones ejecutivas en adolescentes se ve negativamente afectado por los sintomas
depresivos maternos desde los 3 meses hasta los 11 afios, asi como por caracteristicas
sociodemograficas y de nacimiento. Destacamos también que la parentalidad emerge en este
estudio como un objetivo potencial para intervenciones y futuras politicas publicas
destinadas a promover el desarrollo cognitivo saludable de los adolescentes, especialmente
aquellos en situacion de vulnerabilidad. Esta investigacion ofrece una contribucion
significativa a la comunidad cientifica al proporcionar evidencias sobre el desarrollo de las
funciones ejecutivas, utilizando datos de una cohorte de nacimientos brasileiia. El objetivo
primordial de esta tesis es contribuir a proporcionar el apoyo y los recursos esenciales que
permitan a los nifos y adolescentes alcanzar su maximo potencial de desarrollo de sus

funciones ejecutivas, ofreciéndoles asi un inicio de vida mas prometedor.

11.1 Conclusiones segun los objetivos propuestos

e La revision sistematica constatd que la exposicion a los sintomas depresivos maternos
desde el periodo perinatal hasta la adolescencia tiene un impacto negativo en las
funciones ejecutivas de los hijos a lo largo de su desarrollo en la infancia y la
adolescencia. Aunque este hallazgo es consistente entre diferentes cohortes, se
identificaron variaciones metodologicas en los estudios incluidos. Nuestros resultados
corroboran investigaciones anteriores sobre otros aspectos del desarrollo cognitivo y
destacan la necesidad de prestar atencion a los serios efectos de la depresion materna en
el desarrollo infantil y adolescente.

e Entre diversos predictores, el bajo nivel educativo materno tuvo el mayor impacto
negativo en las funciones ejecutivas relacionadas con la atencion a los 11 afios y en la
memoria de trabajo espacial a los 15 anos. Otras variables sociodemogréficas, como el
color de piel materna (negra o mulata), la baja renta familiar, y factores del nacimiento,
como bajo peso al nacer y prematuridad, también se identificaron como riesgos para el
deterioro de las funciones ejecutivas a estas edades. Por otro lado, la lactancia materna,
independientemente de su duracion, surgié como un factor protector para la flexibilidad

cognitiva a los 11 anos. Estos resultados ofrecen evidencias sobre el impacto a largo plazo
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de las exposiciones perinatales en el desarrollo de las funciones ejecutivas y pueden
orientar futuras politicas publicas para mitigar los efectos adversos de los factores de
riesgo y promover el desarrollo de las funciones ejecutivas, especialmente en poblaciones
vulnerables.

Las madres con sintomas depresivos elevados y persistentes durante la infancia emplean
practicas parentales negativas con mayor frecuencia, lo que, a su vez, se asocia con el
deterioro de la atencion sostenida y la memoria episodica en adolescentes. Aunque no
observamos efectos directos entre las trayectorias de los sintomas depresivos maternos y
las funciones ejecutivas, los malos tratos a los 11 afios emergieron como un mecanismo
explicativo por el cual los sintomas depresivos graves y persistentes impactan
negativamente en la atencidon sostenida y la memoria episddica de los hijos. Estos
hallazgos subrayan la necesidad de intervenciones que consideren las relaciones
parentales al abordar el desarrollo cognitivo, con el objetivo de mitigar resultados

adversos y promover el bienestar infantil y adolescente.
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Objective: To conduct a thorough examination of the curment undsrstanding of tha aftsct of maternal
depresson exposure on the exscutive funclons (EFs) of cllspring.

Methods: Folowing the Preferred Reporing lems for Systematic Review and Mela-aralyses
(PRISMA} staterment, a comprebensive search for peer-eviewed cohort studies was performed on the
MEDLINE (via PubMed), ScienceDirect, LILACS, PsycINFO, and SGELO databases. Study gqualty
was assessed using the Nationa! Heart, Lung, and Blood Institute (NHLBI) Qualty Assessmant Tool
for Observatonal Cohort and Cross-Sachonal Studes. The evidence was evaluated using the Gradng
of Recommendation, Assessment, Davalopment, and Evaluaton framework.

Resuits: Thrty-thrse cohort siudies from diferent countries, snrolling a total of 38 931 paticipants,
were analyzed. Twenty-four studies confimed the hypothess of a harmiul effect of matemal
depressie symplome on olfspring EF. Howewer, kgh hetecrogeneity amaong studes was found, and
metranalysis was nat feasible. Fetal programming, genefics, and parental practioes have been
wantified as potaral machansms that can affect the EFs of chidren bom to mothers who have
expenenced depressive symploms.

Conclusion: Our findngs 5uJQest a nogative associaion Detwaen matemal depressiva symplome
and offsping EF. Further studies on the aeffects ol chromicty/severity of matemal symptoms and

changes in EFs In diflerent sensitive perods are needed.
Ragistration number: PROSPERD CADA2020221193.

Keywords: Matemal haaith. executve confrol. cohort studies

Introduction

Matemal depression refers to non-psychotic major
depressve episodes occurring dunng pregnancy or the
entire first postpartum year.”™ Globaly, approximatelty
17% of women who give birth experence this condition,
with rates ranging from around 15% in high-income
countries to as high as 20% in low-income countries.”
Such depressive states render mothers more vulnerable
10 reducad emoticnal involvement and diminished poskive
affact. These effects extend 10 thelr relatonship with thair
childran, msulting in impaired communication and afiec-
tion, akngsde heightened hostility and (rritabiity.*”
Digruptions in the mother-child relationship dunng eany
ife can have an impact on the chid's brain development
and may increase the chikd's levels of stress hormones. *®
Consequently, these elfects have the potential 1o influ-
ence the child’s long-term neurcbehavioral development

Conespondenos Jika de Sowrs Rodigoss, Unvemidaoe dge Sio
Pado, Facucade de Medona Daparaneno oo Medicang Pre-
verdva, Avereda Couter Amaldo, 455, Sao Paulo, SP, Brazl.
E-mal plasoueancch iaes 8 usp br

Suomited n D8 2023, Accapiad Jan 10 2024

and overall well-being,''" The chromic stress and
emoticnal ingtabdity associated with matemal depression
can potentialy affect the neural pathways undempinning
exeoutive furctions (EFs) '?

EFs are a set of control mechanisms that modue the
operation of vanous co?-ﬁvo subprocesses and reguiate
goakdirected behavior.'*'* Despite variation in defini-
tions.'"®"" EFs are broadly construed 1o include thres
subcompanents. Inhibkion. working memory, and cagni-
tive tiaxitility."™'? The gevelopment of EFs is intricately
linked to both neurcdevelopment and cocial growth
throughout childhood and adolescence.™** Age-related
Improvement n measures of EF reflects ndividual
axpenences and acquisition of knowledge, beliets, and
vaues.*? EFs predict a wide range of outcomes in mental,
social, and physical health in eay life and aduthood,
with Helong impad."*2*?" Adequate development of EF
Is associated with higher academic and professional

How 10 cite this articie: Rodrigues JS, Paswor- Ve M, Trambaiol|
LR, Bozzis AB. Maljasewch A Impact of malsorsd deprassne
gympioms on offsping executive unclions: o review.
Braz J Paychalry. 200446 e202333687. hitgddol o 10.47626/
1516-4446-20233387

64



J5 Redrigues et ol

achisvamant. =¥’ Conversely, inadequate EF davelop-
ment 5 asscoated with higher odas of engagirg in hi
fdex behaviors, such as addiction and viclence. &
Exposura to highty strassful anvironments in chidhood
has been shown 1o be associated with deficits n EFs such
as working r;}etmry. attention, and inhibitory control
de

Examining 1he impact of maternal depressive symp-
forms on EF from the perspective of cohort studies not
enly aids in comprehending child development but also
provides Insights into implications for individuals' long-
ferm welkbeing and success as they tace challenges
along the life course. Cohon studies are the most robust
form of madical research after expernmants such as
mandomized controled trials, and the most appropriate
designs to sudy this ralationship. **

In a mata-analysis published n 2021, Power et al™
comprehensively examined the pravalance and impact of
maternal depression during pregnancy and the first year
postpartum. Ther analysis included 26 cahort studies and
found a small, statistically significant redsbionship between
pennatal depresson and child EF (sffect sze r = 0.07,
95%:Cl 0.03 to 0.10).

This syetematic raview aims o provide a8 more
comprehensve and updated syrthests of the available
itarature and to broaden its scops by not imposing
mestictions on the iming of assessment of symploms of
matemal deprassion. Our epedcific cbjectives include: to
describe and compare the findings of cohort studies that
explore the associakion between malemal depresson
sympioms and offspring EF; to assass the qualty of thage
studies using standardized tools for cohort study avalua-
fion; and to discuss the limiations of these studws and
future perspectives.

Methods

Design

This s a systemabic revew of cohort studies. The pratocol
was reqgistered with the Uniersity of York Centra for
Reviews and Dissemination (CRD) imemational prospec-
five register of systerratic reviews (PROSPERO) (record
CRD42020221193) and the study wae caried out in
accordance with the 2020 verson of the Prefermed
Reporting ltems for Systematic Review and Meta-
anglysas (PRISMA) statament. ™

Systematic search

We searched the fallowing databases fram neephicn to
August 20, 2023: MEDLINE (via PubMad), Saancelirsct,
LILACS, PsyciNFO, and ScELO,

The Bnal search query was developed for use in
PubMed and then adapted for the other databases
|Supplemantary Table 51), as folows: maternal depras-
sion: matemal depression OR malernal depresson
trajectoriee OR maternal depression trajeciory OR
deprassion symptomatology, OR pernatal dapresson

Braz J Pspchiatry, 2020 460202333587

CA postparium dapression OR depression pregnancy;
development: cognitive development OR chid develop-
ment OR executive function development OR adolescent
oevelopment. EFs. executive functions OR exacuiive
funcion OR werking memory OR nhibdory contral OR
cogniive control OR executive function atiention-relatad
CH attenton-related, emacutve functon OR cognitive
flectility CR sef-raguation OR cognitive function, These
seac;g\hemmoombinedhthcfdmnm: 1 AND
2 3).

In addtion, wa corductad a hand search of the
reference ists of the selected articles 10 idertily potlentaal
studies of intarest missed by the cnginal query.

Selaction of artcles

Eliginiiy critlenia are descrbed in Box 1. The selection of
mslavan! studies, based on 1mes and abstracts, was
carriod out in the Rayyan app,™ indepondently by two
authors (JSR and ABB). Any disagreements were
resolved by consulting a third author (AM), Duplicates
wentfied through the electronic databases wers manualty
checked and removed Finaly, the ful arides were
ratrieved. Interobserver varabilty was cakulated using
Cohen's kappa cosfficient (k).

Data extracton

Data extraction was camed cut independently by two
authors (JSR and ABB); again, any disagroement was
resolved by consulling & third author (AM]. To exirad the
mest relavan nformation, we created a data extraction
sheet ncluding 24 items grouped nto six categones: 1)
study dascription. 2) population characteristcs; 3) expo-
swe characteristice: 4) man outcomas; 5) results,
includng information regardng control for potential
confounding factors and mediation analyss; and €)
conclusion. The extracted data are avallable at < htips./
osf i0/32028/ > . This checklist was appliedgy JSA, and
information was reviewed by AM. Table 197 sts the
main characlenstics of the popuiation under siudy; Table 2
Includes Information on measwement tools used to
evaluate matemal daprasson and EFs. Supplemantary
Table S2 provides detailed information on siatistical
analyses, main cutcomes, and kmitatons.

Box 1 Eligilty criteria

Incusion coteda
Cohod shudes
Orging & poar-raviowad shudes
Englsh, Spanan, Portuguesas, and other lanquiges

Exdusion criteria
Ovellipped sxiracted dala
Books, corforonca papars, thesas, and aticias without
avalabio 18 tet |comdarences, edoaaks, author responsos)
Nonrgiral aticias (raviews ang analyses)
Asticies with di¥erant axposyres oF culoomes

Non-compliarce with sthucly obyectves

65



Naternal chepression snd emoddive lunctions 3

Table 1 Man characiensics of the population of e studes inciuded in e Systemalic review

Auars

Courtry

Populston cescription

Sampee

Comas™

Hughes™
Ahogges™

Prier™

Lagaszse*'

Dhabwal™

Faloochn™

Guaon-Sela*!
(sampia

mll
Rinna'”

Hermarssn

Posrtrmann

Barthetsen®'
Vansha™

B Marrou™

Plamondon**

Buss™’

Unstid Stales

Uretind Kingdom

Ureind Stales

Urited Kingdom

United States

Unitod States

Uretad States

Urstad Kingdhom

Ureing Statee

Noarway
Uniled Stales

Urtad Stales

Praspecive oot of pomiparcus adoksoent maers which were
10C/UNG CUNG M1 LAALIAMESIA Of DMGPaNcy 110 varcus comnmunty
Sevices and raseures ocaiad in South Berd, Indiana, and in Alken,
Souh Carclna.

Stcly Lased 0N gala Irden groups resiking i omw-Rcome neg oo 0o
and suppodt grouas for youm g mothers within Cambricigeshes, Linived

Kirnyiiom

Dt from e FLP, whveh 5 & arge woghudngl sty of chien send
famikes bving in rural, bwer ncome communiies in e United Staves
{Nomh Carcling, &'¢ Peensyivaria)

Bath cobort mepres barge low-nsk communty (
poverty. mmmumo DBI0M BT, O Benage
Panicipeens wera recruiled Troe 1hiee matemity wards, Omymuhom
who wers healty, completed secondary ecucation, were older $uan
21 were marrod or ochabieng, eameng abowa the povarty Ine,
and whoss infarts were ful-%=rm, healty sngelons were included.

Data from e MLS. Paticpants were recnuied postpactum at four
partcpatng hoaptal stes from 1993 1o 1995,

Prospectus cohort whose participants were recruied sither fwough sel-
rotomals from tho comenunity or theough reformais rom the dopartments
of mproductive peychiatry and famiy medone at BC Women's Hosoal,
Vancouver, Canada, between 2003 ang 2004,

Study based on Project Viva, a progpactive pre-Birth oonon study of momhor
and child paks onrclied Dotwa on 1966 and 2002 a1 it pronatal visits at
Atnus Harvard Varguard Medioxd Aszcciaes, @ mulispecally group
practice in eastam Massachusstis

See Anaakes ™

Sudy based on the ALSPAC, Freagnant women s iing in e lormer Avon
Heakth Authodty in Scuth West Englard, who had an estimand date of
:ﬁ:«ywmma.twmmaussamwm

£l

Diata from 1 PSKC, Patopants mers meruned » medcs irstlules
nasonwide lrom Agdl o July 2008

A 3061 of women recnsted 1o Communty Crid Heath Netmork from
Swee =tudy sites (Lake Coury, linces; Wastergton, D.C ; Esstem North
Carclng) mho errcliod in a lorgiudngl fobow-up sudy of the chikfs

ER e e s O

Study based on the MoBA, MPH 2010, for which particioenis wees
recrutad in the perod 15902006

Cahort rested in & lager longinodina! study, focusng on rdars born
prolorm of low bethweight Paricipants wess recruited from three
NICUS in souheasieen Wisoonsin betasen 2002 andg 2006

Bath cobort ocated 0 he cties of Toromo and Hamiton. Women wese
muimm%md&ﬁﬁo@ammmc

Study based on the LSAC. Patiopants were in 2004

Mamed or cobabfng Finrish Caucasers. Hall of the sample ncuced
couples with hgtory of inforsity and suocesshd assistod £ 3
e other hatt had concened naturaly. Cougles with mu

poegnancias ware sxciudad, and orly women clder than 25 years of age
wam Incluced

Ongang pooulatonbasad cohont {the Geraration R Study). Malhes with a
daitvary date from Ape 200 um January 2005 worg enroiod in tha study.

Pan of a jongbudna cohon saudy exaenining tha effacts of prnatal
0SNG 30 SRECTYE SAnlonn Buplake inhistors and matenal mood
astubancas. Paticipants wera physiclan reformd of solf rafarmed fom
the Reapeoduciive Meetal Health Clinie & BC Women's Haspigd and
Health Cantre, communiy midwis clinics, of taendy phwBCan peadions
In the gramar Vancouyer metspoitan arca.

Shudy basad 00 a sutsample of malamak chid paies anrclied in e APON
PRELOCEE conon necruned batwaen 2009 and 2012 in Albena Canoda.

Shudly based on the Hamilton, Onlario cohor, Particpants in Ham@ton were
redemad ¥om the SIHC Woemen's Hedlth Corcoma Clnie and SURC
WUirasound Depanmen, Hewibon, Onmtano, Cansda,

Shucly based 00 & progpecius cobon sludy, Women wera rocr imd aary in
poagrarCy 10 study Damicipaton betwean 1998 and 2002,

165

126

1,165

1288
LAl

1225

1067

6579

1981
125

103

w2

%01
459

8

a

Corbred on next page
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Table 1 | corfinued)

Sample
Popdation description s2e

Conert stucy af mckdie- 1o high-ncome pragnant momen from war
SOurwesiem Coneds.

Based on & oohod study in whech women were physcarrrefernsd or =el- |
roterod from tha Roprocuotve Mantal Hodlth am al BC Columba
Wormen's Hospits! and Hewth Cantre, family physcan practices, and
aommundy mideeie dinis n he Vanoouver Metropodtan area n Bahizh
Coumbia, Canada.

Based 00 a pospectivg cohon shudy wWhoss Danicipants wers fecnibed n
Fvee pon urdan townships culsico of Capo Town, Scuth Afrca, from
May 2006 to Sapresrar 2010

Data froen he Finnain Binh Cohort Study. Pancipands were racratad & K
matermal wottaro onkcs of a geogmaphicaly dednod area, which
pefcomsd pragnancy Urasonnd SCAns 100 1he women avenially
referod 1o 9ve binh at Turky Urdversity Hospilal in the Soumrrwes!
Finkard Hospatal District and tha Alard bslands in Filand.

Data ¥om the NICHD SECCYD, Paricpans wam seoulad Yom
doegnaled Mwllah at 10 dats collechon stes cunng the year 1991

Saa Hackman ™

Country
Canada

richison™ Canada

Faweram-Filie™ 1.119

Faland

Unised Sa%es
Unised Sha%es

1.35¢

Yan'! isample over- 1,954
Hac k™)
K (sample over-

lapped with

Mackman™)

» Unied Sane
Unived Stanes

Inised Shass Saa Hackman ™ 1,354

S0 Hocuman =
Bayssd on e Hesd Stan FACES 23y, FACES used chikiren s famiies
mcneted fom the 2007 1o 2008 Head Start PIR, which induded 2.600
Hoad Smnt programs n the 50 US. statos and tho Distnct of Columba
Data from MPAACT P1104S, an chssrvational nrgitadng study of firee f11
oohorts of childran enrolled between & and 11 years of age corducied &
S mstarch stos: South Atrica (Wits RHI Shandukart Rasoarch Cantre
n Jobarvesburg, Perinatal HIV Resssch Unt in Soweto. and Family
Chrcal Resaarch Unit in Cape Town), Malawt {University of Norh
Caralina Project al Kamaed Central Hospisal in Liboowe). Uganda
{Makarere University - Jobrs Hoglans Universty (ine Mutage Nebonal
Hetoral Hozpital in Kampala), and Zimbabwe {Parromyaiva Gorerad
Hosoial n Harae),
Basod on a progeecta cahor study wWhosa parsopants ware rocruted af 176
DN in e Hakdan Maternad and Cridd Health Hosgital and Paking
Univarsly Third Hosgital kom Decamber 2012 10 November 2094
yu** Unhod Sta%s Tho pamizipanis cansistod of 414 mothers #om a sacondary anayss Lsrg a4
dala feom the 13year 1olow-up from the Naw Mothars Saady in
Memchis, Tomesoos,

ALEPAC = Avon Longiiadnal Study of Parents and Creldren; APrCHN « Albera Pregnanoy Qutocomas and Mutntion; FACES « Famiy and Cnild
Experences Survy, FLP = Famiy Lite Piojed. HEHC = Hagihy Batess Healtyy Crildran, IMPAACT » Intemationsd WW Packavic
Addlascent AIDG Clincal Triels Networ, Lm Shady of Austrakan Chidren, &5 Matemal Ulnt)ﬁ & MoBA =
Nmnn%mdmldcdim% CHD Netions Instaute of Chid Health and Desvsiopenent St nd Chik] Com,
NICUS = no0onsts Mg cire uns ‘Nmmm«mucumna-nwmlmo«mumdeaw
on Komean Chikken: SIHC = St Joseph's Health Cantar.

1,964
3,340

F vk’ South Akrica,

AMalaw,
Uganca.
avd
Zimbabwe

Fang™

Assessment af raporting qually

The Naticnal Heart, Lung and Blood Institute (NHLBI)
Qualty Assessment Tool for Qbservational Cohont and

Two coauthors (JSR end AEB) applied the tool and
rated the articles indspendently. According to NHLBI
recommendations, sludes wers evalusted comprehen-
sively, based on the delails reporded and stralegies

Cress-Sectional Studies was used 1o assess the reporting
uaity of the studies”™ This tool is a criical appraisal
instrument cesigned to evaluate the quality of cohort
studes, Incudng populaton  descrptionirecruitmeant,
sources of bias (e.9., attrition), confoundng, study power,
end strength of cawsality in the association between
exposure and outcorme. I conssts of 14 ilerns with three
posshie answer caleponies: yes, no, o cannal determine/
not appicable/not reported. Studies were calegorized as
good f they addressed B0, or mora of the reguired items,
fair if they covered between €0 and 80% of the dems, and
paor if they addressed less than 60% of the required items.

Braz J Prychiotry. 2029:46 220233387

adepted 10 minimize bias. Any disagreements between
the reviewing coauthora were resolved by a thind
rasaarchar (AM).

Assessment of cerianty in evidence

Mets-analysis was unfeasible because of the high
neterogenaity found among studies. To assees the
accuracy of the ewdance collacted, a summary of the
imitations in study dasign (risk of bias), inconsistency of
rasults, Indractness of evidencs, and imprecision was
created using the Grading Quaiy of Evidence and
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Table 2 Instruments used to assess maternal dogression and EFs in the studies included in the systematic review

Natemal degeass on EFs
Time poeafs) of
Tima point(s] of asseasment {oneks s age as
Auhors Instumenits (chid's nge as riseence) Irastruments refzrence)
Presatal
Harmansan™ BN Jred andd Tih menthe of pregrancy NEPSY-I) {Srahm Sutas!), ANT 5 and 6 yeans
Bl Maroun™ B3I 20,6 wouks ol pragnancy BRIEF-P, NEPSY-II (atantion and 0xecutiv funchorng) 4 and 7 years
Prenat and postpartum
Buss”’ CES-D, 80t &nd inmester of pregrancy, 69 years Fanker sk, Sequental Momosy Tisk &9 yoars
Wi b HAND Jed Lemaeter of pregnancy, § yers Haans & Flowses 1ssk 6 years
Jorpen't EPDS Bih moem of pregnancy, 2 &l 8 merhs TEAh & years
posipartum. 1y and B moevie, J yalr
and O months
Plamondon™ EPDS 3rd bimester of peagnancy, 6 monfs podtpartum CANTAS, ECBO 1 yoar and &
marths, 4 yoars
Vanska'! GHO.36,7 B0 2nd timester of prograncy, 2 and 12 months FIF 6 and 7 yoars
postpartum
Nevanschwander™ HAN-D drd tamester of pregnancy, § yeans Hearts B Flowess task 6 years
Nooa™ EPDS i, mw Jh gesslional wesks, B monts Deliynd Ruesponss 1ask & moriy
past m
Rotheram-Fuler** EPDS 2 wesks postpanum A 18, and 36 months Exscutve Function Battary 3 years
Huichi o EPDS, BO1 2nd and 3rd timastar of pregnancy, & months BRIEF 6 years
HAM-D postpertum, 3 and 6 peass
Falschin®’ EPDS Midpeegrency, & and 12 monks posiparium BRIEF Ma-chidhood
¢ K5 & monts of pegnancy, & monks posipatum. EFCSO 7 years
1and 2 years
Dnadimart’ HRSD Bih and 91 morss of pregnancy, B years BAIEF 6 years
Ross™ EPDS 2nd and 300 mestars of pragnancy, 3 monts BRIEF-P 2 years
pasipantum
Arre'’ EPDS, CESD  2nd and 3ra tnmesters of pregnancy, 2 monts Dimensonal Change Card Sort task, Flarker nhicttory 5 years
postpartum Contro-Atenton tasi
Poatpastum
Poahiwsan® CES-D Al gacharge, 4. 9 16, 24, and 56 monthe Snack Doy, Gt Bag Towirs, Shages Wak-a-Ling Siowly 2 00 § years
pasipantum ]
Rhoades™ 85118 1 and 7 monmths pocpanum Smeon task, Foxibie Rom Solecton Spantype Warking 3 years
Momary
Hugnes B8O 2.4 and € yoars Bn'a.ns wmg Mamery task Dy Mg Gama, Tower.at 2 and 6 yoars
i
Comag” B8O 3,5 8 10 gy D-KEFS, TEA 18 yoarns
Hackman™ CES-D 1 mon® posipanum W Pychoscuceional Bamey - Pavised Tass of Cognithwe 4 years and B
Aubty, Towss of Herwi 1ask morths 181, S,
ard Sh gade
Yan"? sampk over-  CES.D € morths postpantum, 1 peas and 3 momhs, 2 and CPT, C8n 4 years and
Ianped with 3 yaars, 4 years and 6 months, 8 yeaes 6 mude
Mackman™)
Lagasse*' B 8s| Detary of Gratiicaion task, Profibison task, TOVA, CANTAB 5.9, and 13 years

Comnuod on naxt page
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Dyt Span fask, Atlenion Sustsred Subest of the Lester,
Inemabona Pesformance Scale. Gambling ask

Tabile 2 (contniued)
Malemal depression EFs
Tims poitis) of
assesamanm
Timg poinnfs) of A8sHss M {chid's age as
Athon Irstn imen s [chkls age &5 sferanon) Instrumants tidesin o)
& and 30 morths postparium, 4 ysars & years
a1 6 onths, 8,11, s 13 years

Wang™ (sample CESD 6 and 15 moedls pastpaitum, 2 and 3 yeas GFT, Mamory % Semencis Sukiest from e ) 51 grade

owadappect with 4 years and 6 monhs Paychosgucalional Banery, Tower of Hanoi sk
Berhelsen®' Ki 4 and 5 yoars Cogstnie Azseszment Banory 14-15 yoars
Vode' CESD 2 monta postpatum BeanDmogon. DOCS 4 yoarn
Fau" EFPDS 3 cays postpartum, 8 monfa postartum Working memery and Inftbfion sk, Two-Cup sk 8 months

Threo-Cup lask, Plrnng tes

Gueron-Sea* (pam-  BSI18, 6. 15, and 24 mareha pospanum Warking Mecry Span. Fick-the-Picture Game, Sily Sounds J ard 4 yoars

e pod min CES-D SReocp, Spatal Contict, Anal Ga™No-Go. Somalheg &

R ) o Same Game
Bakor™ cesD 15t yoar pospatum Pencitapping task § yoxrs
Fra? SCID and & and 9 monfhe pospanum, 6 and 10 years canTAR 10 yoars

Axis |
Disoroers

Familar™ HSCL.2% At cischarge, B months, 2 years BRIEF 7.2
Kt samplie owers CES.D 6 months postpartum, 1 year and 3 monds, 2 and Towar of Harcl task 151 3nd, 5th gracks

lappad winh 3 years, 4 yaars and € months, 1sl, Srd ard

Hackman™) Sh gradks
yu** RAND MHI 2 yesars & 2 18 yros

IR Snipoy o

mr Attantonal Natwors task. BOI = Beck Depmssion ¥rwemony, BRIEF = mmmwnmwmmmﬁm BRIEF-P = Bahavior Aating Irmenisey of Exsculive Funclion -

1esehout vorson; BS! = Brint Syerptom Inveniory, CANTAB = Carmir e hsurcpeyaologesl Tes Auomalod Bamiry, = Chigran's Bohwscr Quostonnaire; CES-D = Conter o
ﬁlo cal Studios Depreask CPT = Continuous Perloenance Test, DOCS = Dimaraicnal Card Sort; D-KEFS - mu%mwu‘gsmmsm Early
o Filiaary GHO « Ganeral

Crance
Questiorras; EFOSO « Eeecutve Funchon Difculty Sumng()uulmm EFs « mmouive functions; EPDS « m Depresson Scle; FTF « Fye
Hedth Cuestonnore; HAM-D « Hamiion Degross: Mg = Hamebon Rating Scale Hopkers Chockist: Ki -
Keotslor Poycnalogenl Distreas Scaec MH = Marial Hasith Irw anoey: TEA = Tost \-wydey m TEAsN -Ia of Evaryday Altenticn for Chidean. TOVA = Ton of Vadabios of
Anoction: WU = \Woodcook-Johnsan.



Wartemal depression and executve fuschions

Fincoeds ichonttiod through detsbasn
searching up W Sugust 20, 2023,

Sclenoalrex = 2,150 Peyo®FO - 2079,
LILACS = 220 SSELD = 55 Pubhad = 57TH
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Strength of Recommandatons (GRADE) framework for
systematic reviews. "’

Using te search criteria descrbed abova. 11,395
refarences wera retrieved (2,156 rom Science Direct,
217 from PsycINFO, 228 from LILACS, 53 from
ScELO, and 6,778 from PublMed), of whch 451
guplcates were removed. After evaluation of tRlee and
abstracts, 10,719 recorts ware discardad, We retrievad
and analyzed a sample of 225 amcias for ful-text readng
and rejected 192 Thus, 233 articles were Utmately
included In this review (Figure 1) Assessment of study
quality was camed out by two authors (JSR and ABB),
with high intercbserver agreement (k = 90%). Disagree-
ments ware resolved by a third author (ANY).

The main charactedsics of the study populabions
ncluded In our reviaw are shown In Table 1. Al studiles
were published between 2010 and 2022, Sample sizes
ranged from 57 to 6,979 participants. Most studes ware
conducted in tha ganeral populabion, with excaption of

Comas st al,™ Hughes st & *® and Rhoades et al. ™
which used cohorts fram kw-ncome communities, and
Priel &1 ai.*" whosa cohort that includad only low-nsk
tamilies, exciuding cases of povery, single parenthood,
preterm birth, o leenage motherhood. Nolably, with
tha exception of Lagasse et al ‘' the samples under
examination primarily corsisted of mothers Bving with
pantnars; the mean (SO) ags was 30.84 {5.18) years. Only
niné sludhes described inciusion and'or  exciusion
Cfi“fil.”'a'c"’

The study populations were gecgraphically distributed
as fobows. 21 studies were conducied in North America,
sevan i Europe. two in Afrca, two in Asia, and one in
Oceania, as Ihustrated in he Svpplemantary Figure S1.

Five studies Incorporated varaties refxed o the chiki's
fathar, . and teachar. Far instance, two
studies included patarnal educational evel end age as
covarates.'® " Another study evaluated the mother's
history of cumulative rek as a8 covanate, operationaizad
as the grandmaother's experience of adversities during her
own matharhood. ™ Bermelsan at al”' consicerad tea-
chars’ raparting on children’s effortful control and seif-
regulation and used these variables as a leved of the
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hierarchical model Comas et al 7" considerad teachers’
reportng on atlentional regulation and approaches to
leaming as mediators of the assocation between eco-
logical risk factors and execulive funclioning.

Detscting and reporting maternal dapression symploms

Ot the 33 studies examined. &mwmmmwmoheo
detect maternal depressive symptoms (Table 2779
Screening todls are very useful, deepile not providing
cinical diagnoses. The Ednburgh Postpartum Depres-
sion Scake (EPDS), for instance, is a specific tool adopied
by most authors 1o detect maternal depressive symptoms
in the prenatal and/or postpartum period. In additicn,
geraral depression screening tools were used, such as
the six-question short Jorm Kesslar Psychological Dis-
tress Scale (K6), the Beck Depression Invantary 13 (BDI),
the Center for Epdemiolegical Studies Depression (CES-
D) scale, tha Hamilton Rating Scale for Cepression
(HAM-C), the Brial Symptom Inventory 18 (BSI), the
Genaral Haalth Questionnaire 36 (GHQ), and the Hopkins
Syrrptom Chock List-25 (HSCL-25),

Three studies constructed Irajectories of matemal
depression 475 Oh et al*® employed lalent profile
andysis (LPA) to dentify three dstinct classes: no
symploms (soores under 10 points), mikd symploms
(scores ranging from 11 1o 13 points), and moderate
symploms (scores falling belween 15 and 19 points)
Rinne et al.*’” ueed latart curve growth analysis with
standardized depressive sympioms at four time-pomts.
Vanska ot al® used factor mixture mcdeling and
idenatied five trajectory ciassex stable low sympioms,
prenatal problems (peychological distress mainly during
pregnancy), early postpartum problems (psychelogical
distress manly 2 months after birth), late postpartum
problems {psychological dstress manly 12 months after
birth), and heterogensous high problems (higher rates of

psychological distress from pregnancy to 12 months
after birth)

Assessing and reporyng execuive fnclions

Studies included in the present review described two
approaches to EF assessment: performance-based and/
or reporting (Supplermentary Figure S2). Performance-
based measures ame used to assess components of EF
through a chikfs performance on eithar 10sts or tasks;
measurements of EF threugh reporing are based on
parents’ or teachers' reports abolgt children's skils andfor
betaviors regarding EF. Of the 33 studies, 26 relied on
perormmance-based measurements 1o assess EFs,

EFs were svalsated from ages 1 to 18, Eight stdies
conducted assessments al multiple bme points, with five
studies at two time pounts, three studies at three time
points, and one study at four time points. In 29 studies,
EFs were assessed betwaen the ages of 3 and 11
(Supplementary Figura S3).

Seven studies measured EFs through matemal
and'or paternai and taacher regoning. Thirty-one studies
redied solely on the mothers report. However, Vanekd
at al ™ considered both mothers’ and fathers' reports

Braz J Paychiatry, 202446 220233387

The father's obsarvations were statistically comelated with
malernal chsarvations n the EF subdomain o planning
and organizing (r range: 0.52-0.71, p < 0.01), In ths
shudy, combined mental heaith slatus of both parents
sipnificantly predcted chikdren's EFs, rather than the
menial heaith of aither the mother or father alone (i =
0.15, p < 0.05). In Faleschini et al.."” teachers' reports
were conzidered a prmary outcome of EFs, although
mothers’ reporting was assessed t0o.

Among the 33 studies Included in this review, threg
dflarent ways of reéporting EF cutcomas were observed;
nine studies reported domain-specific oucomss (e.g.,
inhibktion control. working mamory, planning, atiention-
relatad EFs, and cognitve flexibiity), 23 reporied fotal
scores Including muftiple  domains; and 14 studies
prasanted the msults according to the task assessed
during the interview. Sixteen studies used more than cne
methed to repont their outcomes.

Association befween malemal depression and execufive
fuinclions

The negative association between exposwre o maternal
depressive symptoms and chikiren's EFs was consistent
in 26 studies, suggesting that children whose mothers had
higher levels of majernal depressive symploms had
poorer EF than children ol mothers who had either no
symptoms or anly mild symptoms.

In aseessing the assodiation batween matemsl depres-
sion symptoms and children's EFe. control for 8 wide
range of confounding vanables was reported Moet
nctably, these variables Incduded family sockeconomic
statue, maternal intelligance quotient (1Q}, child aga, sex
birth weight, gestational age, and maternal education.

Two studies assessed matarnal depressive symptoms
only during pregnancy. Bl Mamoun et al.*® fourd an
association betwesn matemal depressive symptoms in
the second trimester and attenfion shift problems (ff =
0.33.95%CI 0 .60 to 1.58) and emotional control problems
(/i = 0.26, 95%CI 0.41 10 1.45) at 4 and 7 years of age. In
contrast, Hermansen et al*® comgpared chidren from
mothers with depressive symptoms versus chidren from
maothars without depressive symptoms during pragnancy
and found no dfferencas on attention-ralated (F = 0.60,
p = 0.55) and inhibitory control (F = 0.17, p = 0.80) EF
domains a1 5 years of ags.

Fourteen siudies examined matarmd depressive symp-
toms toth durng pregnancy and postpartum. Impaired
EFs n chidren were associated with both exposures in
six studies. O A necative efect of exposure 1o
maternal depressive symptoms only in the prenatal gemd
on children's EFs was cbserved in five studies, "™
whie one study found an effact only with postpatum
exposure.™ Two studies found no aasociation batween
prenatal or postpartum expasure to mraternal deprassie
symgtoma and chigren’s EFg.

The eftacis of posipatum matemal depressive symp-
tome exposure were examined n seventéen siudes.
Twelve studies obsarved a negative impact of exposura
to maternal depressive syrmptoms during early and late
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Obsarvational Cohort and Cross-Saectonal Studes chacklist (n=33 studies). N/A = not applicable; NR = nel reportad.

chidhood on children's EFs, while five studies found no
ama“m'nba;'ﬂ 6263

Reporting quankily

All 33 studies included i this review had a prospective
design, Most authors staled characleristics of matemal
depressive symptoms and EFs, such as their definiions,
methods of measurement, and time paints of assess-
ment, However, in 20 of the 33 studies, the participation

The number of studies that met sach of the cntena
estabished by the NHLEI Quailty Assessment Tool for
Observational Cohort and Cross-Sectional Studies™ is
shown on Figure 2. The oversll guality rating for each of
the included studies e summarzed n Suppiementary
Table S3. According 1o the three-calegory scale ol quality
of reporting (goed, fair, and poor). nine studies were
classified as good, 21 as far, and two as poor. There was
compiete agresment betwesen the two independsnt
assessors regardng these evaluations,

rate was below 507, and 19 studies had a retention rate
below 80%. In addition, most studiss dd not include a
justification for sample size o dascription of staustical
power.

Ovanall, the included studies yslded svidance of fair
qualty. Selection andfor reporting bias were identified in
18 of 33 studies (Supplementary Table S3). Differant
levels of maternal degressive symptoms were poorly
investigded among sfedies, Most analyzed matemal
depressive symptoms as a dicholomous variable, while

Braz J Pyychiatry. 2024,46.020233307
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a tew examined trajgciones of maternal depression and/
or considered categories of different levels of exposura.

Grading the evidence

Al 33 studies ncluded in thas systemalic review were
assessed accordng to the GRADE criteria for narative
evidence.”' Risk of bias was mainly due to attrition and
selection bias (Supplementary Table S4). Howsver, in
most studies, both exposed and unexposed participants
were from the same pogpulation and had the same nak of
daveloping EF problems. Inconsistancy and indirectness
of results ware not severs, although some variabdity
batween studies was noted. In general, reculta were not
mprecise, but this aspect must be interpreled with
caution because of the lack of sample size descriptions
n most shudies,

Discussion

Systamatic review

This systematic review analyzed 33 cohort studes that
examined maemal depressive symploms during preg-
narcy and the postparium phase, as wel as their
combined occurence in both pereds. The negative
association between gxposure 10 depressive Symploms
before and after chidbinh and chidren's executive
functioning in eady, mid, and late chidhood - and. in
s0ma cases, adolescanca — was consistant in 25 studies,
even afier accounting for the large vanability in geo-
graphic populations. In addition, some insights were
gained Iinto possible mechaniams related to prenatal
and postpartum exposures, Including evidance of fetal
programming. genelics, and parenting prachces.
Exposure 10 prenatal depresaive symptoms has been
assoclatad with alterations In eady brain devalopment that
may (mpair executive functioning in chidhood &nd
adolescence, as has been obsened in many studies
ncluded in this revigw ‘45T REETES Thie may be
mlatad 1o the fetal programming hypothesis that cccurs
during embryonk: and fetal development, a critical perod
for neurodevelepment. Several bological systems have
bsen hypothesized as mechanisms by which matemal
depression and fetal programming nfluenca chid devel-
opment.™ The hypothesis put forth by Schr-Preston and
Scaramella™ suggests that prenatal depression Is related
to alterations in the development and regulation of the
hypothalamic-pitutary-adrenal (HPA) axis, whech s a
certrd component of the hormonal strese response
system.”™ The HPA axis s responsible for the release of
gucocorticoids, including cortisol. which wam the organ-
sm of polential threalts and maintain homecstasis.™
Disorders of the HPA axis can affect placenal function,
cross the placenta, and reach the felus.”” Therefore,
matemal prenatal degression may affect the development
of tha HPA circuit and the brain dam;)m of uffspring,
as well as later risk Jor mental liness.”® " These
may lead to aliered cortisol pattarns later ininfancy, which
has been assccialed with problems in EFe and behavicral
changes.™ The mediating role of cortisol reactivity on the

Braz ) Psychiatry. 2023;80:20233387

assoclation between prenatal depressive sympioms and
EFs was reported by Neuenschwander et al*® Cortisol
reactivity medisted the effect of prenstal maternal
depresgon on lower EFs for boys, suggesting 1hat there
am probably dfferent mechansms underlying the sfacts
ol exposure to depressed/anxious prenatal maternal
mood sympioms on EFs for giris.

An interasting linding from the siudy by Weikum et al ™
% the significant role played by the gene SLCSA4 in
nhibdion, workng memaory, and cogritive flexitiiity in
children exposed 10 malemal depressave symptoms. This
gune encodes he serctonin transporier (5-HTT), which is
central 1o the regulation of synaptic serctonn lavels and
behavior, and has been chservad 10 be a nsk factor in
studies of EF impairment ™" Walkum et al** have
expanded the knowledge of the role of ths gene by
showing that children who have a long aliss of SLC6AS
ame less resiient when exposed to materna depressive
symptoms; they performed betier in EFs when not
exposad to matemsal major depressave symptoms and
warse when exposed 1o them than all other groups. iIn the
presance of 2 mother with more depressed mood, EFs
were best preserved in children with at east one shorn
SLCEAL allele.

The examined shudies have conlributed valable
nsights nto the complex relationship befween postpar-
tum depressive symptoms and chikiren's EF mmgairmants,
«rﬂwngogam analysis to uncover underying media-
forg 3944500582 The mechansms were mainly related fo
paranting practicas. The first year of e, when maternal
depresson was measured n most of the studiss included
in this review, Is a critical pariod for neurodevelopment,
characterzed by robust gray matter growth, rapid
myelination. and maturation of white matter “!)aimay
microstructure i the child's cerebral cortex.™ Duwing
chichood and edoleacance, there is a dramatic increase
In brain plasticity - as a result of tha dynamics betweaen
the dopaminergic and GABAergic systems - and con-
sequent facitation of the development and consoldation
of hi@em:dar neural networks, induding those related to
EFs ®# These processes could be inflenced by the
mother-child retatonship, primardy due 1o stimulation of
the child's cognitive abiities during infancy.* The
paranting practices of mothers with postpartum depres-
sive symploms are impared, ncuding by increased
ntarpersonal stress and a lack of matemsl senamvnz‘.
wamih, and requiatory behaviors. “*42 545 Ky et al
found an interesting mediatng effect of matemal sensi-
tvity (the mother's ability to percene and appropnstely
respond to her chid's emotional and physical needs),
suggesting tha momhers with lower malemal depression
Symptoms are more likely to accurately detect their child's
signals and respond 1o their child n & warm, prompt, and
appropdiate mannes, which in turn predicls better EF.
Negalive parenting praclices reduce cogridive stirmulalon
n the environment and impair chidren's abiiities to
reguiate attention, emotions, and strass,®**> which
undermines the development of EFs ™

The negative impact of maternal depression on off-
spring EFs 5 not resticted fo cinical cases of depression
Exposura to depressive symptoms can be understood as
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a continbum capable of negawvely wfluencng the
neurcdevelopment throughout chidhood and adoles-
cence.™ A strategy adopted by some authors to assess
the chroncityfpersistence of the eflects of matemal
deprassion over bime was to work with trajectones of
depreasive symptomatolegy. These etudes revealed that
EFs were most impacted dunng chidhood among those
chidren whose mothers either had increasing depresson
syrrptoms in sarly and mid-childhood or had chronic and
sevare tajectoies of matemal depression®** This
findng corverges with results from previous studies that
anayzed the impact of this exposure on offspring outcomss.
such as imelJlgame and internalizing and extemalizng
behaviors." ™" This review has found that fow siudes
empioy this approach, highlighting a gap in the existing
literature. Examining the trajectory of matemal depression
sympiome provides more information and insght into their
duration, ntensity, and variabiity over time, Furlhemmore,
whan studes encompassed both prenatal and pogtpartum
penods, contradictory results emerged. Spacifically, five of
tha reviewed studies exclusively found a negative impect of
prenatal exposure, whie one study emphasized an exclu-
sive postnatal nfluenca. Interestingly, al of these studies
empioyed multiple Inear regression models 10 assess these
associations.

The sensitive pencd for the typical develepment of EFs
oceurs from 3 1o 5 years of age, folowed by two other
davelopmentsl geak;s during the adolescence and aady
adulthood ™™™ In this systemalic review, the tme at
which EFs were measured vared consdarably, ranging
from 3 to 11 years in most of the studies. Thus, the impact
of matemal depression between different senctive penods
could not be compared. Future investigation on senstive
pencds for the development of EFS is necessary.

A great dversity of instruments used to msasume EFs
was dentilied, largely divided between instruments based
on direct observation of individual performance and
instruments based on third-party reports (mainly matsr-
naly. The first approach wes most popular among the
emdleshoursample,andismorammmgardr,lg
psychometric parameters and environmental control.
On the other hand, measuwras based on third-party repors
enable assessment of EFs in a more naturalistic context.
including aspects of everyday e "%

Studies relying on malermal reports are suscepiible 1o
informason bias, as mothers exhibiting symptorrs of
depression may perceive their chddren's behavior and
development differently.* ™ Notably, two studies, con-
ducted by Vénsk& et al™ and Faleschini et al.**
comparad matemal repors with those of fathers and
tegchers, respedively, Surprsingly, contrary o expecta-
tions based on previcus research, no signdicant differ-
ances were found betwsen mothers' and fathers  or
between mothers’ and teachers' reports. While the resulls
did not reveal significant disparities in EF reports betwaan
macthers and fathers, it is worth noting that we did
anticipate the posaibiity of bas, especaly whan mothers
were axpenencing depression. Addtionally, both studies
focused on more socoeccnomically advantaged popula-
tions. Differences related to socioeconomic  status
could occur

Matersal degrassion and execstive fenctions

Swfies that have found no assocation between
matemal depressive symploms and children's EF may
be explained by several reasons. First, none of these
have accounted for examination of the severity of
matemal depmssion. Second, selection bias can be
present n studies In which mothers with higher socio-
economic stalus are overrepresented ™' @ In aadticn.
shoter measuremen! periods between exposure and
cutcome may not capture the full effects.* Finally, imited
sample sizes could also make studies underpowernad o
detect associations, ™!

Achisving a theoretical definmion ol EFs that s
consensual among researchers in the field is chalenging.
as new thearles and concepts have emerged over
the past 20 years wih the advancement of neuroima-
ging techniques. "% For example, some studies
considered  attenticnal outcomes to be pan of
EFs, "V BACAI0EE while others understood EFs and
attention as two different outcomes 456 M 028 ThHae
divergences were reflectad in our comparnsons across
studies, and Is consistent with previous research ™'
Coneidaring the marked hetarogeneity of EF definnions
used in the litsrature, the establishmemt of a common
concept iz n2eded, although thes may not be an essy task
because the exact neural basis involved in this theoretical
consiruct is st unknown,

Limitations of the studies mclwded i the review

The reaults of this systamatic review should be inter-
preted with caution due 1o the mitations identifed in the
incdluded studies. Most were classffied as having fair
quality, with only nine studieg™® N AHEEEEE cacgifiag
as having good quality, Lack of information regarding
sampls power, keses 10 follow-up, and saverty of
rmatemal depression wars the most frequant problems
identified. In addition. many studies were affecied by
sedaction bias. which imeed the generalization of raculs.

Limitations of the systemaric revew

The heterogeneity of the sixdes preciuded meta-analy-
sis. Different instruments were employed 10 assess
matamal depressive symploms and evaluate EF. The
assessment of EFs was conducted sither through
matemal reports or through obyactive measures. Given
the methodological lmitations dent¥ied by the GRADE
assessment and the vanabiity of study quality detected
by the NeLBI checklist, we considerad that a meia-
analyss woulkd have been an inappropriate summary
A previous systemalic review pooled the effect of corrda-
tion coeffciens between maemal depression and EFs and
found considerable heterogeney (I = 50%, p = 0.01) and
a small ovsarved effect size r = 0.07; %B%CI 0.03
to 0.10)

Application of the search query resuked in many
articles that were ultimatedy not relevant to the study
chjective Thes could be due % the broad search equalion
oo;str;ucted. as differant terms ane currently used to ratar
to EFs.
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mplcations and fulure directions

This comgrehensive review, based on mulliple cobon
studies. provides compeling evidence that both prenatal
and postpartum exposure to matemal depressive symp-
foms can anpar executive funclioning in - oftspring,
extending the knowledge of pravious studies that focused
only on one time perod,'™ % Additionatly, this study
goas further by prosviding a thomugh examination of the
mechanisms bohind the relationship between exposure 10
matemal depressive symptoms and EFs, fing important
gaps in the curent terature and further advancing the
understanding of the Issue, as highighted by Pawer
e1 al™ These tindings underscore the need 1o akiress
malemnal mental health during pregnancy and the post-
partum period.

Future research should examine in greater detail the
nterplay of neural, environmental, and social factors in
the ralationship betwasn maternal depresson and the
devslopment of EFs in children. Two particulady imgor-
fant aspects requre further investigation: the effects of
chronic exposure to matemal depressie symptoms In
chikdhood on the development of EFs and the specific
effects of materal dapressve symptoms on the devel-
opment of EFe durng sensitive perods. Another mpor-
1ant aspect that should be corsidered n fulure studies &
the role played by pregnancy planning and & strong
support network. These espects can have a significant
mpact on maternal mental bealth, padicularly n the
context of maternal depression, '® %% A support network
that includes pattners, famdy, frends, and medical
professionals plays a key role in providing emotional
and practical assistance 10 mothars. These support
systems offar a safaty net for mothers and reduce the
solation that can contribute to maternal depression.

In corclusion. the systematic review found that
expoeure to maternal deprassive symptoms during and
after pregnancy has a negative impact on chikiren's EFs
throughout their development, Athcugh this finding was
consistent across cohorts, methodological varability was
wentitied among the included studies. Our lindings are in
ine with previous research on other aspects of cognitive
devslopment ard indicate that the serious effects of
matemal depression on chid development warrant atten-
tion. Future resaarch iz needad to further investigats the
mechanisms Involved in this relationship and the possi-
bdity that specific sensitive periode may have a greater
mpact on gavelopment.
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Supplementary Table $1 Search strategy
Database Results  Search query

MEDLINE (via PubMed) 6778 (Matemal depresscn OR Matemal depression trajectorias OR Trajectones, matemal depresscon OR Matemnal
depression trajectory OR Trajectory, matemnal depresson OR Depression gmptommbgy OR Sympmatnlogy
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Publcation Type: Pear Reviewsd Joumal AND Popwlabon Group: Muman AND Methodology: Prospective Study
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Authors Data analysis
Postiman Bvanate cordalions Detwoal COndnuots

s’

Hughas™

varabios wore calculiiod and repoded A seres of
SEM wirn construciod 10 assess whathar EC

behavior problerms ot 36 months
Metamal degression was nouded 3 & covnga
Cowrnimas (al SEM models) necrudal basth
nsks, ont gondor, family Socioeconomic status
nsks, maternal depression, maleme intomohon
(anges)

Herachcal e regres Son analy=es worn
periormed 10 assess W 5esocehon betwesn
average pregnency armoely and depres=ion and
ol EF . HLM growsh corem ansyses wens
pearioned 1o it wholhee e jectofy of clange
I makmal pranctal paychasocal stake over the
COUNSs of Qesaation 25 wed as kewels al spealc
L poen s curing gesialion wers assocaind wih
ridan's EFs

Covanoas: Hepanic ethnioty, number of obsietic
nek factoes. corcument chid ngo at assossvent,
matamal WAIS PRI scores

Auhors paroamed a LCA o identy and descnite
family ocologcal msk proffes. informaton from tha
LCA modal was used o asagn chidren to nsk
proties (Indudng matemal dopression symploms,
doscnbed 35 materny mood problems), ond the
moan dffesonoes N EF scomes were examined
woross thess nsk profées. Partial ela squared wes
calcuated (o detormino the effect stzes for the
mpadt of nek peofibes on EFs

mm paranl-chid Echons, g usge

GEE moceing was used 1o examine modenshon

IS 0N 1 SSS0CHION ST o 4nd non-

waposed chikinen and Hearss and Fowar ask

zimmnrmuwdhnoms
)

Covarnmes mammal mood, chad's aos ol el day

Bverote mdalions botwoen

Comalanons Datwean mateml depresson Syrmgloms
and EC of ages 2 and 3 wofe reportad, resgactmaly 1 =

D17, p<005 r«051, p <001 Ao dascijeive

e asues of metaral depmssion and EC al ages 2 aod
TRSpati M(SD) = 0.77(0 90}, e
[O4L M(SD) = -0 00047y range [-1 07-1 49] M|SD) = -
D D510 56) mnge |-1 21-2 (8] Results of SEM modols
reviaied (ha mesimed depression was nol nked wih
chiddran's FC shls at 24 moeths (BSF) « 0 000 03] p

3 whra reported,

*>00)

saxgaentl
mamory sk (B= 042 p=00), FAT® =37 p=

O001) The nan-agredicant nlerschon belamsn jeecslsl
matamal Siprasson and child sax (f =027, p=057)
ravenled that Tus effoct occurs both with hoys and gils

Vil mean pregnancy-specihc snxely, mean state
arconly, andd mssn dopressson soores ware snleced

Stopraraa on kel 2, masenad raratal depossson Ad
not conmbuie to ho peadicton of cognitive periormance

In this mutvasete model

Rosuls of LCA roveakd no assocation bateoan MDS

and chid EFs (f = -0.004, SE = 0013, p>0.03)

Rosults of GEE showed that ncoosacy on EF task wes

et sty rokatng 10 1w lwnl of MDS @ « 0000, I6%CI
0035 100 163), and an avieraction affect mdicating that
his was parmcudarty e Sor chidran wih the LL vanant

(B = -0 052 95%CI-0 171 to -0 014)
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1) Frenilies hal remaned n the Shady wanm mam
socoeconomcally advendaged than those who
dropped out of the study o codd not be beatad

2] Rersats <0l D panaesized 10 Sildeems nfants
becacise Tndegs wees based on ofants bom
peetorm, thar rosults are not generalzabio o f'ul-
Serm infords.

3) Soveral measures robod on mslorrs opart | and
Pus, shand meod vanancs may s ied ©
SPUEOUS postive ndings

4] Craldoon's cingnoses of ADHD were not
ivestigaing, bul et rebed on meskermal epaort of
chidren's symrptoms.

Daty on parect-child Rlerachons were nol assessod

Thera was possbia underpowanng of the mediation
aralyses in thes study duo o Do saTple S0
Howarear, tha authors coran T onginal modals
wsing the bootstrappeng approach and found neadty
1dormcy resuts

 was not possiblo o rvier Bl pronetsl SR
SRDOSUTE A0 Germlic vanabons il indedd ale 5-
HT function, because thard wirs no deect
maasurant of changss = 5-HT sgralng in utes
acdd At age 6

1) Tod Sow EF tasks werm nmmom
conclusions with a1
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usad 90 examme the prediclive retshions betweon
modhee's DEP and chikdren's EF talend e
Confoundars acsodss-tiva slabdily in wnason n
EF, mothar's educalion, mother's pos tive contrdd.

Bvarato onealions Selwonn connuos
varabios wera calouliod and repored . Path
models were constructed 1o ovaluale drect and
ndirect Inks batwesn matsemat depeasson and
EFs. Qo pvdmct patirasry sosmesd o
bedroctionad mitar-relation betwoen matama
doprossion ond inlorpoerson al sress as predolors
of Efa

Modmors: Imerparsonal stross

Bvaresie comeslons tatween comnuous
vannlias wera calcu led and mponed. Four
mulliple mgresson models. wers corsliucted lo
AESESE T ASSOCIABON Balawaan matamal
depresson st EFs Moded | and 11 asssssed
meckiratan etects of EC, corsdanng eatamal

0.05) ot & yoars r = Q060 3], p > 005), o 6 years (1
= QOO TS, p > 0.05) and Towsr of Lorwdon o B yesrs,
BOlal 2 ywars |r = 0 0061, p>005) & Imars(r=
0.02083), p>0.05), ot 4 yoars (r = -00X080), p >
005 26 yors r= Q0T 42] p > 0.05), ang Day
Pt tivsk o5l 6 yeaars (1 = 0.50(0 61], p< 0.05), BDE w1 2
yoars {r = -0.23, p < 0.05), al 3 years (r = Q6006 p >
0.05) ot & yeors (1 = 029, p>005), of Gymersir=-
0.150.05], p > 0.0%), and Beads working memory ot 0
yrars Results of LGIM revsio ¢ tral (he regresson
coellicient between the imeroept of mothers' DEP and
ths EF lateet foctor was signficant (55%Chs -0 0810 -
0051 indeating hal kower svange s of motfwes'
DEP pradctad batker child EF 4 yoars later. Savvlarty,
the regresson coeficient between the skpe and te EF
laton! tactor wus margealy significent (95%Ck 053 ©
0011 indcatng Nal chedren whoss mothes' DEP
reduced mom Fapidly BOOSS TIMeRoies had highser EF
SCOMS 41 06 B AN squsiment 4 coninndarns, e
intarcage of mothers’ DEP and the EF latant facks it age

B ramained Signifcant

Rasuns of bivanwo conedaion betwvian miens
Capression at 8 months of pregnancy and
ationbon (r = 0012, p > 008) and whidtion r =0.013, p
> 0).05) wera regoted Ao, malamad deprassicn from 0
0 2 ypeies aod amnkon (¢ = 0.017, p > 0.05) and
inhidtion [r < Q 018, p > 0.05) wera reported. Matemal
dapression Pom 210 4 yoars and atention (r = 0026 p
< 005) and inkitition (r =« 0027, p <0 05) were
sigrehcanty comelastod Deact lnks showed that
mtemal dopresson negatvely mpacied chidren's
ationbon and phibton kil (stardandzed efloct not
repanied). Indred inks showad @ bud racsonal
relations hip Dotwoon matonal depeosson and
Interpersony stress whers maleenal depoesson on
peagnancy indeasad pempersond dress i =0 175, p <
005 whach, i tum, Increased matomal degees=on of
2-4 yoars iff = 0 356, p < 0.06), which then impacied
child performance on slenton (5 = 0020, p < 0.06) and
inheston | = 0.026, p <005). Auhors repoded tral
risks that were cistal 10 the child's =oaal ermronment
(L comlexiond rks) Com work ko marsdaen risks (hat ane
vose POyl 10 1he chid's sockal sovaronmnt (ie
matemal dopression and norpersonal sYoss)

Resuits of bverals comeinbons tetwesen MOS o sarly
chiddhood aed youlh Trad Making Test i = 008, p >
0101 Towet Tost (1 = 020, p <0 101 TEA Dusé-desk i
« 015 p> 010}, wvd EF composite socra ¢ = -020, p
< (1.10) were reporad Besicns cormelaions between
MOS on micdk cridhood and youlh Trad Making Tast (¢

2) Infema cvons wiih falhers were not assessed.
3)The anefyses dud not sdd s polontisd medising
machansms, as molwes' DEP was unmbkted 10
observational ratings of posiive control, prockadng
nmy anady s of modaion oflects

1) Messures of malensd daprassan, conbadusl
Nsks, intaparsonal shess and the chid's social
cognitive skils were based on malerral ropons,
rfroducsng the protiem of shared mathods vanance.
2) Mater 0l mpons oo chid SOciid CoOgNsan may be
afecied by information bes

J) The 715k moasures wore coliecind of kast 4 yoors
POoE 50 Hha COONI W assass ments of aga 8,
thametore, unmoasured factors more proomal to the
nEsessments may have ifluencad o cogntve
oulcomes.

4) Tha prasent study & correlitional In nature and
the indrect pathways shouid not be considened
5) Filn, amnbon Dias on hes Study meant al
mobers high n DEP with co-cocumng oonhestuasl
Nk and KNCrpersonal SYoss wore more ety to
have chikden who dad not compiele the cognsms
AsSesurents

1) Rupoeting Tor chubd 1A wsss misds by molhers
Tharatons, chid HA et MDS wen nol comietely
rdependent constiuds.

2) Rasadts from i study may not B gonewizaie
10 o) famibess, sspecaly becise ths shady IS based
an samphe of 3olsosnt mothers and e chikiren
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HREHI0N SXPOSUIE Al Ag6S 3-5, and &l ages B-

10, respoctssaly, Model | and IV assessed

moderation effects of NA, corsdeong matermal

?;ammowmum&s.wum&
AL

Moderalor EC, MA

Moded 1 and Il covarides malemal K3

SOCOBCONOMC SIS, maternal age & bith

Moded 11 ond 1V covanates Moded | ndditionaly

=075 p< D05, Tows Test(r = 005 p>010) TEA
Dualiask (r= 000, p > 010) and EF composie soom {r
=012 p > 0 10)were mporied Means and S0 wore
Ao reporid on Youlh Trod Makng Test (MSOE = 9 86
[2 65]), Towsr Test (MSD] = 843 [Z 34]), TEA Dual-dnsk
(MISD] = 0792 62]), and EF composde scom (MSC| =
000 P 71 Resuss of Mookl | sharait thal bxeh
matemal depressive Symplomaloiogy & agss 3 and 5
(HESE| = -0.803 p0 23], p < 0.0%) procicted ohikd
EChsif-raguiston (BISE]= 0303 0 124] p<005) A
sigriicant termperamen = oarly matemal depressive
symplomatology mberaction was found n prediching
moan EF parfonmancs (H]SE] = -0.816 10400, p <
0.05) Hgher kvets of MDS m serly childhood ovenode
any a5 soonbons botwoon child EC and EF, wheroes
temparamant comatutod mom sgraficantly o EF af ow
levels of eoty metemy depression Modemton onolysis
revodied (het smong chidren with grater EC, thers was
@ signifcant nogoive asscoiation betwoan cary
malsmal depressive symplomatology aod EF
petformance (P = 107, p < 0.001). However, among
chidwan wih krwsr EC the associaion batwean carly
malomal depressive symptomatology and EF
performancs was not signdficant (3 = 010, p > 005)
Rosuts of Modol || howed that both mate mal
depressooe symplomastciogy ol ages 5 and 5 @[SE) = -
0568 (02504, p < 0 05 sndd high clhid NA (SE] =
0093 [0.056], p <0 10 peadced ko and high EF
fespectively. Higher levels of MDS o oarly
Chldhood ovarTode ary G Socinsons botwoen chid NA
and EF, whoroas lampavamant contnbined significantly
to EF at bw lavels of aary masimal depraseon. Rasults
Of modermbon aniysis ndcalnd that among chikieen
With fow BA, there wass a Significant associaton batwoan
warly malaimal Seprissive Symploenaiogy et £F
performmancs (B = 1.2, p<0001) Howaver, amcng
chddmn wih high NA, as50ciaion Dotween party
matemal depeessive symptomatology and EF
PefonTEnce wivs ot Significant @3 = 0 10, p> D05}
Resdls of Model Hll revestod thel chid EC prodicted EF
PeTommEnce A g Beant tempseament X mie b

padommance (A =0 773 p <005} Alow vels of
s ikthood NDS, there were no dffeences o EF
betwoen chideen hagh and low i paroet- and leacher-
et EC. AL Pagh levets of middle chidtoos MDS,
however, chilcren with highes EC had hgher EF
perfommencs soomes |lue chedmn with oww £EC

P alion Arakysis revaaled Dl wmeng ke wim
greator EC, tharo was a signhcant posiive assooation
Betwoen middie chédtood malema! dopressyvo

Wheh provoes 1o 8 Ungue cookat of Noreased nsk
for mfedapive matormal and child outoomes

hitp Sidoi org/ 10 ATE26/1 516-4445-2023-3387

82



Brazillan Journal of Psychiatry - Supplementary Material
hitptidol org/ 10 476261151 6-4446-2023-3387
Impact of matema!l degrassie syrmploms on offspang executive funcbions: a systematic review — Rodngues FS et al.

Poge Sof 20

symptometclogy and EF performance (1 =051 p <
005) Howawes, among chideen with bwoer EC. the
ASSOCGAoN Detwaen midde chilchoad matomal
deprassive symplomatology and EF parformance was
oot sgndorat (B = -0 35 p=> 005) Madal IV g not
reveal a sgniicant tlempesarment va. mddie cleldrood
depressive symptomatology mismctan [ =
026 p>005

Hackman™ Longtudina growth curve model was computed Postpanum deprassion Mmaan scoie was measused by
using hiarrechical Inear modas. IAsdiabon CESD scale and reporad {MISO] = 11088 6]).
analyses amployod mudtiavel mediation. Fostpanium defrassion was rol a signfcant mediator on
Control vanaties: gonder, effnicfty, maleenal the 2550Ciation HRwoon INCOMD 40 Poods and working
performance on the PPVT, when the chid was 36 with esher adpsied jestrete of B
MOnths od, moPears tushand of pamer ol homs  of the medaled sffect [ = 0 04 propoon medkaled
Madiators: aady chidhood homa annchment = 0.05) or unacpestad (estimas of the moagniude of o
composie soore, matemal sensitvity composie medated effect = 0 22, proporton medinted = 0.01)
Soo0e for infant and eany chidhood penods, madatons. Ao egardng medaton analysis of B0
swessid ife ovent s expenenoed by the tarmily, effect of mcome: o needs and malomal educabion on
barttraessgh!l, gestationsd age, posiparium plannng off cency, postpartum cepression dd ol
OREBSSION, And porend sass n nlancy. AEPOar 85 & SGNNcEnt Medalorn whethee schusied

(rcometo-neads [49] = 006, propartion medated =
008 materna education (47%) = 0 02, proposson
madiated = 0 05) or unadusted n mudtple madation
modals Income o needs (4] = 005, proporon
medsied = 0.08, metemal ecucation [4%b] = 002,
proponon medaied = 0 0%}

Pamoncon™ Bvarate comelahons betwesn corsnuous Results of bavanale cxmelrion betwesn matemat
vanables wore ol oulated and mpored. Mullple depression symploms ot Pard Tamester of prognancy
Inear mgressons were used 10 predot maen and alterdor ooenhing i =-0.119 p > 0.30), atlertion
outoomes {attention shiftng, atienton focusng foousng (r = 0.132, p > 0.10), atention shiting § =
and spatial working memary) Covanatas chikd 0024, p>010), and spatial working memary [ « -
sox, beth woignt and pestobonal age. 0455, p> 0.10) were repomod N=o, camalation

between mesternal degrosmon symptoms st Gmonths
postnatal and attertion osendng (r = 0134 p>010)
atephon foousng (r = 0074, p > 0.10), attention shittng
(r= 0042, p>0.10}, and spotial workang memory § = -
0073, p>0 40} wera mpated. MDS dung pragnancy
ware assockiod with the worse pedormance on spatial
workong memory i (5E) = 0. M50 152) p < 0.05}
MDS #t 8§ monihs posparnum was nol assoceiod wih
worse performmance on spatal wokirg memory [ {SE) =
D020 131 p=0.04)

Hemmarson®® One-wary ANOVA was parformed o comparne Petformance on the NEPSY- I tasks {wsual afention

scores from the thme dfferent groups. precatsd
wxposure fo SSRI oy ly uelmatmd DEP, and
CON For sgnficant associsdons, planned
contrists were pariomeed botwoeen S5R1- and
depresson-posed, &5 wol s betenon edhee

and Stos) wars =am b across groups SSRI{wsual
allnehon M[S0) = 4 S2[0 58] Stabe M|SD] =
20801.02]), DEP {wsusl meran MISD] = 4 &4[0 55|,
Statue N{SDY = 3 6G]1.22]), and CON {vaual atlenhan

MISL| = & 540.50], Stalue MESDY = 3 581 O3,

Authors dd not slate Sody imttalions cleaty

1) Because thes study 15 hased only on coneationsl
aata, it |15 not possbie 10 Infar causally batwoon
peenalal stress and ®e chikf's copriive outoomes
2| Mcst of the srdomation was peovided by the
mothos

1) Women in s study were gonerafly bighly
educated, with the magnty hirang studeed of e
wrrvarssty beved, nesdy 3 wees in 8 resbonship wih
e ohiid's father, and oversd thery hod bealty
peegnancies, with e axposure to medicatons,
mcotine, and stconol, ol of which am venables
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anclonsics Rumponmarnt, Noigosc, CHUNIIZ Y DA s, Svor i tha prosence of 3} Firdng s garotod Bom a Hedh Amencan
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e preseccs of mothers L) e o dnn  mrlarachion wes dedscledd Detwean mslermad cipres son
et of EC andd orhers voradiles n e reiadion of  and EC seggestng that children's racfnncs in the

mothes’ DEP andchildieo s resience efter by Prasarce of 3 dupressed IMomer & dso Lo e combened
mMOOaINg Mo NogEIve mpact of mathors’ DEF effocss of thor EC and the mother's Cogres son miher
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Moo sapestmarnts oo gandes. othriaty,
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Sk s, GoN GoBOOHON e,

Voo | nedmors sell essaton. maskory
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Lapassa® Bw0r0l0 COmEaRNs BOMMEON CONMLOUS COmuonans DONGOn COrogiving shiss (mauding NDS|
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Weng™ (sampe
overlagped wih
Hackman®)

Madel I adustment Moded | adustment « the
lovol of DEP duning progsrcy

Bavanete corsfalions between corenuous
varnbias were cakculted and repoted. SEM was
parmmad to axamne if mothars’ DEP dureg the
child s lancy predictod chiddrarn' s podr sustaned
aftention and EF i irst school year. A sacond
SEM armlys s wars used to sxamne (he mediabon
of moshers’ bow sensidiviy in this asscoabon A
thed SEM anyss was carned cut to determme
whether poor sustamod atteron and EF modated
the: relatonshy betwesn mothers' DEP dunng &
child s mfancy md chikige's aciustnent probless
I hird school yosr.
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0600 158 p <0001} and emobonal control protiorms
(P=028 =080 GNCI04110 145 p<0D01)
Howawie prenated DEP, withaut the use of SSRIS. was
not assocsied with matamsl réporns of whibbion
PIohGS, WOk ng memory problens, and
phnningorganazation. There was no diffeesncs when
companng chilcren waposad (o SSIRIS W chikdmn
oxposed o metemasl depres o [[Bay scom = (.88,
94%CI-0 1010/ 28, p=080)

Comsiatons were reporied between motther’s DEP i
infancy and chiids inhibion ir = D 10, p < 00O1),
workng mamoey i = 015, p <0 01} and planmng (£ = -
011 p<001) Similaty, bt of age 3 months, DEP wia
conetated with nhbio §r = 008, p < 0.05), working
memary (r = 013, p<0.01), and psnneng (1= -008, p <
0051 Mage 5 months, DEF was carelated wih
irhibdion (r = 012, p < 0.01), working memaey {r = -
017 p<001), and planneng (r= 010, p< 007). nthe
chiids first grnde. DEP was comelated wih inbebiton (2 =
008, p<001) werking r=-011, p<0OM).
and pignoing (r = 008, p <0.01) Finally, DEP i the 3rd
SEHOC!H s Wis OO alied with shbition {1 = -0 30, p <
0.01), working memaory ¢ = -0.16, p <0 01), and
phnaing (f = 008, p<001) Resals suppaned the
hypothess Fat mothers’ DEP dunng the cheld s infancy,
regardioss of laler symptoms at 36 months okd, 54
monis ofd and fisst grade, pradicted childsn's EF in
fest grade (standoedzed costficlent = <016, p < 0 0%)
Rasulls of the secand SEM anafysis showed &
signficant Indract atlect of mOTars Jow sensinvely on
e associian bedwesn: MDS and EFs ind « 075 p
< (0001} The trd SEM analyses showed two sgrrfcam
indrect paths: 1) Mothers' DEP qunng a child's stancy
predcted low matemai sensfivity at 356 monts, which
then predicied chiddron's poor sustarec alienton al 54
months, s, n tum, precod EF al schodl enlry. Poor
LI ten predcted ow cognitve and academic
campelnncs in e grade 3 » -002, p < 0.05), 2)
Mohess' DEP In nfancy predicted chiresy's poor EF &
sehodl antry, poor EF e preccind knw cogrve e
;(::mmpahm'n&d schod year (i =-0.09, p=
LB

1) The results may not be genemized % non
Wastem or dincally depe ssed populatons

2) Results condd matiect nok only DEP duang tha
chiid’s sfancy, but staie charactenstcs of mothars
ns=ocated wih the ikeihood that they wil develop
Ihoss symploms

3) Conclusors pbaut Te imng and developmental
Inkage among the vanabies waameed n (s shady
carnot bo detormined defntvely.
4)Wmdmm:ummd
Coedd e conyibadud to These fedings, for
axampla, 1S Crroncty, chnical relwance, of spectic
Cordguralion of Symptoms.

5) One component of EF, swiching flexitly bedween
1asks. & wavadabio m the NCHD cata
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Vel

Wade™

Ors-wivy ARCOVA wis peckonmad 1 sxieni e
sy pasrwrrted s heesllh: s & predicion of child
£F s Pamma ments! health was casshed n four
rapcionas (heathy paranits, sololy malomal
probloms. sofely patormal protiems, and both
metemes nd paterna problems ), determned n e
proviows shudy

Covanale: chid's gender

Hevaranie comelshons betwesn Comnuous

Wi DS were Calculted and mponed. Palhy
anslyses wers usad (o ostmale Be dired and
ncect elfocds of Dypofmbically cisus
mslstiorships among mitemel ments healt wd
EF. Modei 1 was unogusted and exsmired the
direct offocts of ocologeal rek varabies (inclusng
matomal moniat hoath) when chiidren were 4.5
years on £F, of nge 14-15 years. Model 2 wen
Ly adasied ard Incloded pathes from each
covarate o cutcome varable of CF . Mode! 3
was (uly sdustad, 8nd all cadd and INd1ect paths
worn modeled simultancously

Nedatons child ahacdional mguleion (sl age 4-5
yaars) and appeoachas to learming (s 6-7 yaws)
Covenates: chkd gendar, chikl 98 i months st
1415 ynars, Abonginel o Tomes Svad dancer
status, language ofher Ihan Englsh at hos, and
chald score of e PPVT at 4-5 yesrs of sge.

Levarario comelashons between comnuous

VBB ias wer s calcutitad and mpoted A e
mistiorehip botween CCR and executive
Lnctoning was calcumad . Path analyses was
w=ad %0 aamna COR [snge parrtheod,
worago mohanood, iow oducaton, had cirkal
eveds of matermal depresson, eaponanced Fagh
uveds of mantal conficl) as a predoior of EFs
Modusions. parerting capactios {reflective capaaty
oot s Ssensdivity)

Rasuls of AHCOVA showsd et pareetal mwental Disd iy

probleens pradicied pooe children's EFs (F-stabsics =
250, p < 005) Post-hoc lests Wih corfirasts reeo aled
that tho joent parental acditve modol wis tha only
stotsticol preociorof EFs aft =016 p<008) The
o pewrenis acines moces represents the group
ncludng both mothers and fathers het presemed
menis besth problams.

Comuabars betwesn malemal menisl heath and bath
attentonad reguaton (i = 013, p< 0.01) and &xdctive
funcsoning r = 0 04 p < 0.05) wems caloutsted Them
WOk DO SGBCAN 9ithee dredt o AN pathwiys
between maternal mental healty aed EF (B = 002, p»
0088 =000 p> 005

Comrwfation between CCR and executive funchonmg was

rapoed (f = -0 13, p < 0.05) Means sewd SO of chil's
npe o asch folowup weeo ako reporied Tt M =2
months, SD=010); T2 =1Gyoaes SD=027) T3
Ma215wars SD=027): T4 {M=479 SD =028
Rosuls of lnoar mgresson analysds showed o
sgricant negalne inoar trend between the number of
neks and EF, F=00%(df =310) R* = 0010, p = 002G

Path onalyss shownd that here were two ndeect paths

i2) he fesd precclng EF via bolh parening cagacites
trom COR ol T1 thiough sefecsve capacty of T2 acd
cogitrm sansdinaty 3l T3 (2 = 207, p = 0.038) #w
Sacond et Affecs cparatod Trom COR ot T1 fwough
ocogréve sanstivity sl T3 but rol refledive capacRy o
T24 = 206 p = QD40) Mom speciicadly, on B firg
peth, CCR o TY pesiicied worse refladive capecty &
12 48SEj = 0 1990 03, p = U.014), which prodeted

hitp:iidel o/ 10 ATE26'1 516-4446-2023-3387

1] Prrants sssessad the Chid's mandad hoddtn and
depslopment, which mukes fhe sssossment
suscoptibie D beas

2] Altnbon in e fing assossmont was substanbal
among both parents, tut espeaally srnong fathers,
which lempered the sbaty o nlenpyel ad
geneniee cur Indings

) Mothers n thes ssmple weee aldes than mothers »
The brger popesnton dus 1 our eduson crdania in
the natumi concorved sampie as well

a5 P fac! Tt bal he sample had 9 hislory of
Infartiny and some mothars nchuded in the
reprocuction tsatment group hed taken years o
AChiova pregnancy

1) Lack of fre-graned massurement of sef-
Taguiaiony belaviars suchs a6 inhitalory cont il and
working memory (
2] T componnts of the mosal of EF wsea » ihs
study were somewhat different from thoss assessed
1 many other chdd dovelopment shudies that had o
strong focus on inkibsory control inciuding wsng EC
0% 2 pomary theoretcd moddl.

1) Dt genorabzaton wars limided by the redalvety
Korte- sk samphe. with. moee Pan Tuse-ganecs of
mothess roporting one or 2ero psychosoa Tisks
2) Sample atintion may have introduced some
sysiamaic bias

3) The suhors rolled prmasly on masomal reports,
whach can lead 2o informabon texs

4) The cumdalive adversity Soores ware basod o0
the surmation of six spaciic rsks. Some of these
1isks wor natudly Gehotomous, whees olfwes
wOre basad on speciied Od-points

5) Fathears’ sflecfve funclioniog of cogndive
SAIGRVEY Wi Dot s sarad
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Ha uens dwand

Howf

Bivanae comaabions betweon comtinuous
varinbies were cakculated and reported. Lineay
rogres Son and medelon analyss wore parfamad
10 examing hho refation boetwoen matornal mood
(epression andior anxaty) and EF. Two
Imedaton modsls weres consirucied though
bootsrapping o sxamire indrect sffects of each
Imedston vanabie
Adpstments (bnear rogresson ) chikd nge and sex,
concursnt malomal mood, and presalel SSRI
ariepcossart cxposure.

Conlrobed varsbins (medalion mods )
conzursnt malemal mood (ot 6 yaars of chiaren’s
agn), peenamil SSRI exposire, e of the day of
SV 255 055Ment wham requeed

Madators. chidran's siress regulation (ool

eeciviy and Sumal comisdl lvels)

Bhvarkta Speanman cormialons beween
CONINUOUS vl aliig Wwera crloudesd and rpomed
n ihe entire samplo and in gris ond boys
separiely.

WOrse cograive sen=bwty o 13 ([{SE] = 0 240,00}, p=
0.001) then, in tum, precided poor EF sl T4 (4SE] =
02770 CE], p = 0.001) On e Second pam, aed CCR at
T1 preaicted poor cogritive seesitvity af T3 BiSE] =
0,140 05). p = D (023}, which in hurn peadcied worss EF
8l T4 (F{SE] = 0.27[0.06] p =0001) The tols ndrect
ol from COR o T110 EF of T4 was signiheant (2 =
221, p=0027)

Comalation botwean prenatal matemal mood on two
diferort moments and onidd s EF were reporied  of thirg
tnemastar of pregnancy {r = -D 40, p < 0.052) ord ot aga
G{r=007 p>005) Resdls of incar rogresson
showad that grenatal dopressed andor anaous
makEmal mood was a sonilcant predcir of lcEFs &
6 yoors (f = <0635 p= 0014) sher ncqusiment Also, it
was cbsenved Nal 8l vy leves of cegressed andior
srmous precstal matemed mood. e assocelion
botwoon chid's EFS and matomal mood was now.
However. when pronatsl mood ressched o certsin fevel of
sevarity, his mslatonship phlsaued and noeasing
mood dsturbances had no Surithar Impact on EFs Tha
falaticn batmean geanads maleenal mocd and child EFs
was rot moderatod try e (B = 0020, p = 0319)
Hamover i this moded Seecwas manginady mtslad 1o
CHKEFs (P« 0458 p « 0.080), inScafing that boys
hod somewhat botter EFs than girts. The Sr<t medsation
modet showed hat the medalon ole of stress readinty
wos moderaled by sex ceprossed andior anoous
pranals malamal mood was inkad (0 haghianad
©orisol reactv ty wiuch, in tum, predictod poorar EFS for
hays (H « .0 0043, U5%C1 -0 0142 © -0 0004), it nat
foe gints (B = 0, 95%C1 00021 10 0 0025) Cortgol levd
wns reither an indirect effect bor boys (B = -0.0022

10 CO54) HSECH -0 0088 to 0,004 7) nar for gits, (8 » 0,
B5%CI-0.0014 10 0.0020). Sigrehcant negative drect
HBecs of prarsial Japrassed snd /o arcious mood on
ohild's I were chserved on the two models. dumal
oonsol model B = 0014 p = 0.008) nnd tho corisol
reoctvly mode (8 « 0011, pe 0.022) Thes oflacts
wam@ nol mosamied by crill’s sex

Brarate comagion bedwsan posingts | DEP and chld's
EF wore regomted ingrisonly (f = 035 p> 010, 0
bays only (r= 008, p> 010} and n bath grks and boys
(r=-011, p> 0 10) Theso resuls rmevealod that LF in
1he whofe samgile was not significantly correlated with
posinatsl MOS The auhors &d nol indude postratal
DEP on the addbionad anaiysis

1) Due o the non-indasventbonad natwe of 1he study
causal efects of prenalnl matemal mood on chikd
bhehaicr coult not ba ndaned.

2) The tme betwoon the measwrement of the
medistor (HPA axs activity ) and cutcoma (EF
perormance) was Nt optimal, hecause varnaies
weos measired a1 Ba same lims pont

3) Measwement of EFs and cormsol has imdstons
by tself |1 = 5 reachon fom subtective aspects and
can dffor amaong some chilkden

1) An altnton bias waes cbsanvad with regan to -
menth ques Bonneg data, which wes relaled 1o
malomal educaton and postnatal stress.

2) Other wfart inlomcions were nol measued,
which maght b a potental medator of tamily rek
facioes.

3) The fndng of a preratal skess by sex inlorecson
n prodictng intant EF was only stafistica by
sagrrhcant when ecchudng the dsconiresd
AXPEAENS (s Srg/mamaniivg indants), which

http ol orgi10 47626/1516-4446-2023-3387
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Fula®

Fong®

Guarmo-Sela™
{=ampie

crveriapped
Hoades™)

Bakar®

A mraxed-offec! bnsar regresson mocel with REML
was used o assess he predoton of each
ctegory of malemy depression {tavng
deprossed mood [EPDS > 13] & ol assessments,
antonataly orly, pastnatally only. or dapessod at
toth antenatal and ol least cne posieial
arssessronct) and chid's EFs.

Adpusiments mother's HIV siatus, sloohol use,
food reecunty, basseiine education. chiddren's age

A mubpie linoar regresson analyss was
conducted to Kantdy assocaion batanen any
polential fackes and pody patonrance n the
preterm nfart group

Control vanndics: chidron’s cognitve and maotor
sooms

Broarate comalations Detwean conlinuous
viriables wore calculated and reported  Direct
assoceans bedween malemed depresson
symetoms and chidren s EF wome made
sstmating o pal model acecas each tima point af
MDS on EF outcomes. Next_ 1o examine the
mackadng rolo of pamed.chikd insemctions, Ty
estimated a partial ARCL

Modimors harshartrusivencss at 24 and 30
months

Bvanata comulators Datwean conlinus
wariabies wain calculaled and repoted Palh
walyss was perlomed 10 455656 the dred acd
ndunct effects of matamal dopression on Hoad
Start ehiden's devalogrmant

Falh model agjustment. chidd ape, gender,
tcsalbaucity, tena spent n chddeas, matenal
educytion, sngle-parert shykes. snd poverty
Salus

Vedator: malemal paraning (madomal warmith)

Morst of (1w motsars in 11 pogulation samphes (S8% )
expenenced depressed mood ether winke pregnent or of
3uime port over the first 3 poars of Dar chld's e,
Rosulls of REML showed thet exocutrve funcloring o
38 manths dd pot show ary sgnifcant dfferences
overall aco6S mefeng degressad mood based on he
Sty Sounds (p = 077) and Somethirg's the Same tesks
(p = 0.62) but thare were signfcant d#eronces overall
on he operaton spen score (F =40 p=001) Crddeen
of postnatally depressed mothers Sooead lower on the
Opemion Span task compared win chidren of
anmenalally posyataly non degressed mothers (p <
001 ES =017 The authors o nol report the
eshmaied coellioent Som Inear regresson model.

Maiernal deprosson was not refiatied o the EF defcits in
peaterm infants. The authors did not repont linaar

IS S0n coaMaen desoia ssessng he realirshp
batwoee malesn doprossion wnd £Fs.

Fasuts of bivanate Cormaions ware reported Datwesn
MOS of 6 morths and EF at 30 months (r= 000, p >
005 MDS a1 6 months and EF ol 48 months (r = < 04,
p > 0.05); MDS at 15 months and EF o 35 months (r =
004 p> 005 MOS at 15 months and EF of 48 moaths
(r=<010, p<005K MDS a8 M months and EF a1 36
monitys f = -009, p < 005y MDS at 24 mon®s and £F
at 42 months (r = 015, o > 0.05) Resulls ol pah
anadysis showod no i diract links botwesn MDS
A15(P= 008 p=007)and2d momths (B = 005, p=
©19) and EF at 48 monihs. However, an incirect effect
was obsaned MDS sl 15 monins was sgnitcamy
Liekedd 10 Nars D-ntiussvaniess al 24 months which was
assocaled 10 harsh nruskioness at 36 monttes, and
poor EF at 48 manths (B = 0 008 p =001)

Bnvarade comeaion Detaven matamal defeassion and
EFs was repored & = D.06 p < 001) Msan, SD,
MEETU S0 minimum scons on EFs (WSD) -
11,6345 04), range [0.00- 16 DOJ) and masernad
dapeassion (M{SD) « 48@77[”[000!&1)

m-d?ﬁfammm Rersudts of

path analysts showed no significant dred ik Delwesn
maxiornal deprossion and EFs o = 004 SE =002 =
007 p>005) Howavwet MDS wees assocsataed with

Pocossiolos Couscn i M ierpotaton and
gansratzahion of ths finding 1o ofther popdabions

The EPDS 15 anly & saesnng messurs of
dopressod mood and does nol prowde a doagross
of deprosson . Fusthermone, e Sme span jor wich
e symptoms aro reportad 15 Smiked. and £ s not
clear how well thes measra may p oxacutive
SNdionng among Souh Alncan children al 3 your's
of a0

Hgh rsk infants and extemoely low Drth wesght
Infants warg not nckudad 0 the study. Herce, o
comprehersave sssessment of pood EF csuses in
pelerm nfards was nol possbie.

1) Findng s ara comalatonal it nahie and could not

infer a cousal Ink botween MDS, mothor <hils

nterachon envd chid EF

2} Tho indopordent efioot seze betwoen MDS,

Panh-niustrerass and EF was smad imiting tha

mmmammnmmbostm
13

3} The authors locusad on one domasn that
underias the Iirk batwnan MOS and chilcren's EF

Sxposirn 10 STEESIA Mo evants that may also be
rodevant $or undersiandng thes bric.

1] Matamal dapeass ion and pannting waie
assissnd wa matemal reports.

2} Lock of wioemation provided in s 9k 56l about
fathoes

3} The shudy 1sed o segle chyective maeasura of £F
ol could not accriss every Sngle Amension of
chikhood EF

hitp fidai org 10 4 TE26'1516-4446-2023-3387
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Hutchison™

I obeschane™

Bwvanate comelotons between continoous
vanobies wore caloulited and repotad.
Comrdlatornal analyses and two heeraschicod
regression models wene constnuctod.

Moded * maternad ecusation + madamad

depr nason v ities.

MOSe 20 maded nid sducation, BOA a1 thiee years +
SSRI exposure

Muttivanabie rgeession modes (Mods! | gode)
WD constructod to ovaluelo assocons of
perod-spechic fmid-pregnancy, 6 months
pOStpanum, 12 mosths poslparum) expcsins i
high MDS (EFDS scome 213 with cognitive and
bersrviora | culcomes in mid <hildhood.
Moddd 2 adpstment: maternad race/othnicdy, age
al ervolment, educaton, househald income, pee-
PRAQRancy DO MIKsS iNdex emoeg dunng
prognancy, chid's sox

Mocset 3 adastrment: Moda! || acdbonaily acjusted
for matemal 1Q.

Modet 4 adustrnent: Mool (1 addbonally adusiad
far DEP a1 poor panods assussod

wrakian S EF ifrough mammal warmi (b = -0.0004, SE
=002, § =-0005 p <0.05) The full mocsl explsred
1% of the vanance in chlaren's CF

Comrefations bakseen EP DS ard BRIEF GEC | scores
WRIO repcriod af thar seoand tnmaestar of pragnancy =
0.18, p < 0.0%). o the thrd tmester of prograncy Ir =
028 p<001) &3 morths postparum (r« 028 p <
0001} and & 6 months postpantum (f = 0 24 p <0 D0y
Matomsd educahion wis srleed &5 & ool vésable n
1he Tes! step of both Modsds 1 and 2, and exglained 4%
of the variance in EF of both models Resuits of Model 1
Srowad that et MDS wiriatées (HAM-O, EPDS, BO0 fom
second semester of pregrancy 1o 6 years) precicied
14% of unique vanance in EF . However, ooly 801 ot o
age 3 emerged as o signicant unecanala predictor (B =
028, p < 1 0%). Resuls of Model 2 showed et SDI ol
the ape 3 aplamod 10% of unigus vanance in EF, and
omaroed as a Sgnficant unrangie peediclor 4 =034 p
<1001} Punatd S8R agosure predecled 13 of
UnCEs varsncs 0 £F & D a0n 6 8nd i nol emanps
as a spnifcant unvarale predicke (5= 017 p > 0.05)
Summaizing, higher loveds of MDS, éspecaly & 3
YEOFS, WEre asS00a ed with poorar matemal repants of
EF skits af 6 years. Associsnons botween granatal SSHRI
Qxposure and EF culcomes ware not signficant, ¢ven
when controding for matemal edocabon and MDS at 3
years.

Esposure 1o high MOS » med-pregnancy was associsted
with poorer sootes on bohavioml EF basad on the fime
BRILF subscales, scoosdng 10 both feschers’ repartng
IBRIEF Giobal Exscutwe Composete [ » 3 83 pars
053%LC1 1,32 0 6.35), BRIEF Bahavior Regulation indax
B = 3.83 poinds S5%C1 1 41% 645) BRIEF
Metacogrsion Indax [« 326 points 05%C10 T %
581) and mothars” sporiing (BRIEF Global Executive
Campaaite B = 3 83 ponts 25%C1 1320 6 35, BREF
Behavior Regulabon Index (2 = 392 pants 959%C1 1 41
10 645 BRICK Matacognaon indox | = 3 20 poets
05%C10.72 % 581)) Aher accountng for confoundors
and maternal 10, the assocobon was alterualed,
athough it remaned sgnificant on the BRIEF Berswoe
Reguiahion index with 2 44 parts besed on nachors
repOMing (A57%CH 0.00 % 4 88). Hgh MDS at & months
POSEERITLEN wWis SOl e with Pghe SCOmes (ersa
peformance) on the BRIEF Global Execulve Composits
o (B = 278 points 95%CI G 18 10 5 30) and on the
BRIEF Matacognition Index. accoding %0 leachars’
dRcosar (B = 2 85 poits 95%C3 0.21 10 5 50} Anee
ARUSINg for COMMurdan, Tw SSsocisions ware grastly
abenusted espoacally after scoounting for pronalst DEP

1] Use of HFAM-0 scoces i the non-oxposed group.
2) Mothers In the cohort ware predomnantly highly
educaied

3} Mateanat ecucaton 1s anly one comporant of
SOCHROEWANG SRk

A BRIEF messien of cluic EF was compisied ty
MOTWES, SOMNE May Hgue et Mothers who arne
dapressed may Fave n negalivity biss lowards ming
Pt childman, which may saplan he 8ss0Gaions
batwsen MOS and poorer EF

1) The £90S 1= 50 ratrumen! used 1o assess EP
barnt is nod equiviient o dincal diagnoses

21 The authors cd not measre makmes LY or
Bt or groddans, which may be part of the

C sructue

3) The authors canmal excude Pal elfects found on
pranatad Xpoa e could nduda iIMuences fram
posingtal symplome. bt they doss not ¥ codl
for postnatnl syspioms o G st ios! modal as
oy could be part of the pafteays.

4) Mothers' repors of chidd deveiopment may be
Bettsed espocinlly in the caso of dopretsod mathars,
50 ali resuls derved thersbom shoukd be imorpeeted
with caskon.
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Impact of matemal depressive syrmploms on offspring executive funcons. a systematic review — Rodrigues FS et al.

oh* Authors entiied matemal Gpresson fragecionss
from pragrancy unti! 7 yanrs after cNKIDIh using
LPA ANCVA was performed companng ohild EF
by matemal depression Sajeciony group. A
penaralaed linear mixed afect mode! was used 10
estmale the eflect of matemy depression
tryeciones on childEFs o axs 7, B, and 9 yoars

BREF Giobd Executive Composte (P = 0 62 pores
Q595C1-2.08 10 3 12), BREF Molacognition Index (f =
021 points 95%C1 -1 83 10 3 65) Exposura lo MDS &
12 mmonths postoanum was associsleg with poces
betavuorad EF on the Peee BREF subscales aotondeng
1o Leaschues’ reporing o e unadyusted modeds. BRIEF
Giobd Executve Corrposie (B = 43900«1595&0!
145w 7 30, BRIEF Bathavior Regulnbon rdex
445wmm1401074?nmammou?2
points highe

Thiee classes of matemel depression were dentied
Clss 1, 1 N0 Symptom” group (42 23%). dass 2, the
“madd symptom” group {46.85%), and class 3, the
“moderale symplom” group {10.82%) Ameng the EF
scaks avaiuatod in he Th yaor, subscales of plan-
omganizeten dMouty (casses 127, and 3. respectvely
MISD] = 16.3014 15]. W(SDY = 17.53i4 27], M{SDY =
18 834 B6], AN OVA p < 0 001) bahavioral recadaton
aifficully (cirsses 1, 2, and 3, respadivey. M(SDj «
136213 17], MISD] = 14,3303 00], MISD] = 15.452.67],
ANOYA p < 0001, end ematiooal reguishion difculty
(dasses 1.2 and 3, respoctvely. MISD] = 10 4502 &7],
MSD) = 11 54[3.37) M{SDY = 12 76{3 &2, ANOVA p <
0 001) had the highest scoes n the moderato
symgdon’ group 1oBowod in ordar Dy “edld symgtom” and
10 SyIPKeT” groups. These signiicant diferences
between the groups wees mariained in the 8% and Sth
years of evsusiions. Trhe altention-conceniiahon
afficuiy subscale showed sgrdcanty fegher scomes in
clazses 2 and 2 han in class 1 in the 7th yoor (dassos
1,2, and 3, respoctively. MSO| = 14 35380 M|S0D) =
15 26{4 32), MISD] = 15 71[4.23], p < 0001}, These
Sinfcen! differeocss Datween the roups weee
maniarwed in e 31N and (9 yoars of ralisons The
mixed-efact model revealed Fal the oversll group effect
was sgnicant confrmng s sgmicar EF ciflerenos
accondng 10 matemal degresson Impdory with ‘no
wwtom mmmrdm Flan-organzahon
it Symptoms” group (HSE) « 1 080 34,
95950!041 %176, p = 0.002), 'MOMOWW
Group SE) = 2400 56), A5HCI 1 310349, p<
0 001), Babewaorsd rogubsbon dfficuties - “mid
SyTgtons” goup (B{SE] = 0820 26 %1031 1o
133 p = 0002), ‘moderate sympioms™ group (B{SE] =
Z0A047) S4%CI 1 2000 284 p<0001) Emotonal
reguinbon diMcuses - “mild serploms” group, SISE] =
1 090 27] 9% ) 56 101 63, p < 0.001), “odemie
symptoms” group (BISE] = 2 280 44] 96%C1 14210
314 p <0001} Inattanmon — ‘el spaplams” group
(Blﬁ] 0.84[0 33], 95%C10.30 10 158, p = 0.004)
=ymplorre” group (ESE] = 1 1840 53], BINC)

1) Lack of investigation of the nistory of matemal
s R Dolone pregnancy

21 Moas urerment of EF was pordormed using cnly 8
paromal soif-soport questionnare, rather than an
objective st

3] The authars ca not control ko emvecomental
factors which may have ocourred o the large 1o
G3p from sarty matem al dopRstion 1o chid autceme
maasuemant
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Poge 150l 21

A1 lest was performed to compane CANTAB mean
SoMes between chicren of dagressed and non-
depressed mofhers The suthors conducied a path
artyss for a comprehensive model on $o drect
and madiaied patns adng from materma MDD 10
chidon's EF

Madigions chisa dsorsr and matemal regulats
behavors

Regrassnn modaling wirs usod 10 axaming
relationships botweon oo - and postnatyl matermed
depresson (MRSD) soomos and chid BRIEF
Ghbal Excoutree Composite T-scoras nbally,
prenatad matomal dapression was wsed as a
contruces viwrsbia, than, 1o axamine addive
risrachons, a dohotomous measute of preva s
molemal dopesson wis used (codod as 1 when
HRSD =8 and 0 cthewse)

Confounaes mamal mood o clid's age &

01310 221, p = 0027) Tre sme 66CT was srvicant,
eepl 1 cysers of behaworsd regusbon Moy scoms,
Indicating that el EF subscalas othat than bebavioml
reguision signdicantly incrassed ovar ima, Excuive
funcion exdibied a NnorsiQnicant groun = ins
interaction (p > 0.01)

sl reulls showed no sgedficant dbarences in EF
BEween cledron of degressad and non-dageessad
mohies (1 =045 p > 005 Cohen's g =008) Palh
analysis showed that matomal depresson was inkod
WIED Jowsr manernal regukaiony bebavior ot tha age 8,
and malerral mgulaiory bederace was Rrked with gresin
EF skits (95%C1 0 151 10 0.0%6) Besies, matemal
depression nppoon e irked wih lower makemnal
reguiatory bahavior at the ageof O maonths, which led to
ik payehiaiic dsorder, and 1hose chlch sn hnd lower
EF ($5%C1 -0.026 1o -0.001). Similarly, malerral
depression appeand Inked wih lower salemal
reguistory betwior al the ages 6 and 10, which led o
ik graychaalic dsorder, and Ihase chsdran hd lowse
EF (st 6 yoors 85NC1 -0.050 %0 -0002), (EF at 10 years
95%CH 0033 %0 0001) No drect offect was found
botaven matemel degression and chidren's EF,

Rasudls of agressonmodats showad That Gaposue ©
pronatal degresson symptoms (HRSD 2 8) was
assoaated with poorr BREF scores (50 76w 5063 p
< 0.001) A two way inforaction emonged botwoen SSRI
@Xposune and proraial depesson, Sugesting that, for
mohees who oK arbdepeesssnts prmralally, the moms
degres=ad they wore prenatally (1o | they did nol benefd
from pharmmacoternpy), the bagher thelr chldren’s
BREF scores (P < 270, 95%C1 4,02 10 4 38) Poshanal
Al g SSain wars 108 sagrlicantly sesocaied
with BRICF scores (f =0.20, p > 0.10). Rosudts of
rogressicn models Lsng maomal doprossicn as a
deholomous vanable showed no asscoalicn butween
e mal dojeassion symplkens o 6 pears and BRIEF
scores (= -0.03, 855G -0.31 300.26) A two-wary
interachon was ako apparont betwean SSRI axposure
and prenatal matamal mood sugpesang thal mothars
who lock SSRI modicabon and Wi prenatally
Aaprasssdt had chddmn with poorsr EFs @uglvwr BFOEF
scores) (B = 4318, 953%CI 21 00 b 65.26) Exooutive
funchans among childen whase mothars wara at lnast
mdly
HRSD > 8) ramained roldasdy stable awn wih

Ircesseg loves of houssbokd CHAOS scores,
regardiess of ther prenstal SSR exposure status SSRI
aposed (B 067, BSNCEH-1 5530018 p=0.12),
non-eaposad ¢ = 1.01, 5%0 0530255 p=020)

Sy PAOMa Soally dapressed dung pragnancy (e,

11 As thay focusad on the long-tarm affods of
matema! depesson apan hom e comoiediies,
(inchings need rephicishion in bigher iss sempes

21 Omession of afhers o reponorns of chiidron s wel
heing and reguiatory cukcomes

3} Additional EF 8asks 8 reeded

4] The sample 926 did not enable segerating
chidren cxposed %0 makemal depresSon Symplons
at 6 and at 10 years.

51 The semple nduded only mamaa'oohs bing
couples with madum-Yo-tegh socoeconome sistus.

1] The uvaliable sampks may hirss constmired (he
power nooded 1 ot two: and Moo wary
nkractions

3] The sty lacked nomoton about the effoot of
fathaes, matamal pastoars, o signficant others in
Shanng fosehold chaos

4) The uss of dehotomuead motamal moad
measunes coudd misdassily mood status and may
not refect the mpact of patierns of Mood tryecionos
ACOES pow s pOSIralal pariods

5) Dus 1o the cobort dosign, ssposures coafd not be
randomuoad noe could the impact of vanatons n 1he
sevesty of malemal mood be controled for
INOCUCg podsitle “corourding by ndcahon”
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Ross™

Faumisar™

Broreto comelstons tetween condnuous
viribies were coloudaied and eporied. Unear
modals ware constructed 10 procict
chcran’s EF from pranatal anaety and DEP
Modal 1 used maternal pranatal and posipamem
Aoty Only &5 precicions . Model 2 usad mammdrsl
prenatal and postpanum DEP only. Modksl 3 usad
both prenalal and postiparium arcoety and DEP as

predatons

Covanates malkemal eniaty, martal status
matemal 006 of sludy enlry, education, housshoid
mnoome, snd country of arign, repoet of sy sioohao
U0 g precndecy, panty History of mataemal
anxioty of dopression dearder, gesiational age af
tuth, and terth wesgiit (g)

Moderator: postnate matermal deress.

Uradhusted and adusied Inear egnissonn modds
wire pertormed wih GEE models 10 separaisly
asseess B soCRbOmS betwoon Camgyer
dopression (s conhruows and doholomous
measwee) and BRILS soores

Adpustments: cohor, site, gender, a0 ot basaling,
avegreer ielahionshin o chéd, rescentisl rone,
%mom 106 D06 2 500, B SOCO-S00 NG
n

Bearao comelsdons botweon condinuous
viriables wore caoulaled and seporded. LGM lor
ANDS, matwral sensdivity, and chikd planmng skils
WG estemated sepaiely. The
mmihod was used 1o caladote o onglucersd
mRdgion N e lalent growih curve moadang
oamework, welh the mincept and Be slope of
ADS as e predcions, the rtorcept and the siope
of matmrel sensdivity as the medakes, and the
niaroegt and the siopa of chikd plinneng skils as
e culoomms.

Covanmas. cleld genckie ard chid aady cognitve
s ot 15 months, materns oducabon a1 1
oD, and favily incoms 1o-needs ralio & 1

month.
Maciador mateenal sesitivly

Prenste and posinals OEP weee sgrdcanty coroled
with EF (respecively, r =0.198, p< 0. 1=0178.p<
005 The "Matemal ansdaty or deprassion dagnoss”
(hestory of mataenal anxioty of Saression dsordar)
covatabia was not indepandently associatod wih poor
EF 0 2 yoars of age (3{SE] » 0.291[0722),p » 0.770)
RasuRs of Model 2 showed hal pregrancy depmssion
was asscoatod wih poor EF (MISE] = 1.220{0 47, p =
0 007), tut not postpastum deprasson (SE) =

0.070{0 4621 p = 003%). Simdarly, on Model 3 nesther
POOGNANCY Spassion NOr POSIDANLM depRs SN Wera
25500 ated with poor EF - mepactively, BISE) =
OTAS0801), p =« 0 215 fISE) « O S0D 5500, p =
0355 On bot models, depression Interaction term was
rot statstcaly sigreficant Moosl 2, B(SE) = -
02240.310), p = 0 486, Model 3, {(SE) = 02840 340),
p=0804

Hghet BRIEF SO00as mpoes ol worsa paelanmance oo
EF. Rasults of unadjusted and adusted modals showed
thest all EF domains (og . BRIES scomes) wers
sigrehoantly assooated with caregiver's dopre saon
symptors unadusted model SR ORS QYSE] =
T200.7¢], p< 0001) BREF M (NSE] =520 7T, p <
0DOY), BRIEF GEC(NSE] =000 /7], p < 0,001}
Acgusted model BRIEF BRISE] = 708083 p <

0 001), BRIEF M (BISE] =6 020 4] p <0001 BRIEF
GEC (pSE] ~ 608[054] p <0001}

MOS mcoss mutipo Smu pomls showed modessia
levels of negative carmelatons with dvld s EFs af school
geades 1(G1), 5(GI), and 5{G5) DEP 6M weed EF G1
«-004 p> 005 DEP 15M @t CEF GY « 006, p>
005 DEP 4Mard EF G1 = 0.018, p < 001, DEP 36M
and EF G1 =008, p <005 DEP SAM &nd EF G1=-
0010, ps 00, DEPBM and EF G2 = 008, p <00,
CEP 15M and EF GZ =-013_p <001, DEP 24M and
EFG1=020, p<001, DEP36M and EF G1 = 014 p
<001, DEP 54M and EF G1 = -0 016, p <001, DEP
EMandEF G5 =-014, p <001 DEP t5SMand EF G5 =
D10 p<001, DEP 24M a1 EF G5 = -015, p< 001,
DEP 36M and EF G5 = 010, p <001, DEP S4M and
EF G5 » 00168 p <001, Lower MDS & 36 monls
peadcted nicher matemal secstivty of 54 monihs
(BISE] » -0 081[0.015], 5% CI -0 912 10 -0.052), which
It peecictod both highar kevals of chid plareing
Skl o Goads 1 and & grasad ncrease in plreeng sklls
from Geada 1105 (B{SE] = 06250 219] 95%C10.201
to 1038 B|SE) = 05610 277]. 95%C1 0 047 1o 1,027,
respectively) The results sugoest that carly MDS may
have long term effects on the development of EF

Pagn 14 of 21

11 Al mrasures weee malomal sol-roports, which
can lead o imoemason repor s

2] Mory asscoabons wace tesiod, ana not all were
mantanad atar multicle st coractions

3) Spaciic pathways wero propasad by e fatol
EPROGIEMIMING hypotivses and Rlivpesonal modl of
SINESS ArsMssion by whch pedratal dsiess coulkd
afoct chvid outcomes, but those mechantsms wore
ot deacty fasted

11 Findings do oot repwsaent cisal ralationiligs

Z) The redatively lBnge sampha s@e may have
resuiod n sonficard bot perhaps sl and not
clrvcally meanngiul effects

3} A smalk proporon of caregivers in ths study wiee
mon

1) Tha thioe assessmonts of plarrang sl dd nat
aliow To authors (o estmale noolinear change, such
s quadiybc changs

21 O faaly members” banaior, such falhers
storomy suppod, may inflesece chid EF and ware
ot addressed on NS Sudy
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espocaly panning =Sals, dunng medde cvdhood, end
that one impostant palhway Beough which MDS affect
N EF outoomes 15 matenmad senstiity

Y Linksir ragrasaon sodali wars (e O avilusia In modd 1 (withou adpsing o mateenal 10), masenms 1) Otsarvatonal sty aesgn o nol slow i Grsal
o effects of malamal degrossion Wil offspang emotonaity (higher kvais of DEP and emotional relationship 10 be estabished
EF Eoinbity) wits assoceiad wilth worse 6-y o working 2) Trw aralyss could oot Tully acjust for the
Modal | adustment gestahional aga at dalvary, memary (B = -1 BT 96%0C8 -3.15 o -0 60) and G-yoar mulitude of contoundng vanaties nciudng ganatic
pre-prognancy BN, of=pnng sex. household resporse mhibdion (& = 037, 66%C1 00240 0 72) ond predipastion, posinail emvronement, and affspang
moome, midersl adocstion, rmsh nal mengraly sesocmied wih 16-year worang memory () = Moshyie bebavioes (8 g |, del, slanp)
empioyment, and maried Salus o 2-year 026, 85%CI 0.56 10 0.03). In moded 2 (adiusting oo 3) Matanal medsusemsnts woare lntad o the
assassmont matemal |Q), e assocaion betwesn malens! postrainl peood
Nodet § adpstmant Modal 1« matomal 10 amotinnaity and By woking memory wis atanuaied  4) Lack of axaminalion of malenral sty and

but remaned signficant (i = -1.789, 86%C -3.05 10 - stoss

0.52) However, he signficant nszocaton with G-yeer ) The study did rot examine possitie modetors

resporaa mhitdion bacamo margnally sgnficant [ = hotween maternal peychalopeal faciors and
0.33, 95%C1 -0 03to D 68), and tw borderdine oftspang EF
prsoaaion wih 18-yuar working memory dsappeared 6) There was & large Sme gap betwosn malerrl
B= 022 S6%CI 052100.08) and ofsprng assessvoents.
aanne’ Ml variale Wanr egression mocels were Aar aUsIRnt for covnliates, chikden of woman wih 1) Smal sampde s2e
CONSINIC I 50 GXAMING Q5SOCNNon S batanen docsreasing MDS af age 5 years paformed significantly 2) Selkection b Altraugh tha Tub cobort and folow-
FRecknss of MDS and chid padormance on EF wOrse an the nhibtory control task fen chddman of up cohort wera hoth rscaly and sthncaly dvease
s women with few stabia symploms (B = G35 B < 1074, ang mostly kw ecoma, there may have bean bas n
o ago b 95%CIH 17.04 %0 443 p=0001). Chidren of women the women who optod %0 partapale in the
Covarinigs. child's sex, age. and racsiathncty, Wil ncreaskg Symplonts alse scomd signficantly lwer  kngitudinel follow up study
0 M ngl sducHion, on e nhileory control task of ape S 3) NOS was nol assossed o ha st inmeston of

comianed o
women with low-stable symploms (§=-021 B= 810, pregoancy nor between postioartum and ooy
BSNC 157030 050, p = D.04) Tham wome no creldtocd
SGNIcan assocaions Datwesn MDS rgedones and
Cakd paiomTEncs on the cognive fasiiily ek

ADHD = atientice- defcaimyparmcivily deotder, AMCOVA = aralyss of covanance; ATIOVA = analyss of vannnce, AHGL = suforegrissave cross-Bgged, BOF = Dack Do pnssion
nusntory, B = Body miss indax; BRI = Behaviorad Regdation Ingas, BRIEF = Babawor Raling Niwertory of Esecutiv Function, CANTAS = Canbeidge Naumpepehologion! Tast
Automated Battary, EF = executive fanction, CCR = curmant curulaive sk, CES-D = Cantar for Epcomicioge Stuses Depression Scee: COH = campanson group, DEP = deprassve
symplons, df = dogrees of fnedom, EC = effotlid cortrol, EF = execulive furcSon, EPDS = Ednturgh Postratol Dépression Scale; GEC = Global Executive Composite; GEE =
gunaral astimasng equation. GEE = ganoradzed estimating equation, HAMD = Hamilon Rating Scale 1or Daprossion; HIV = human immunodeficiency wius, HLM = hararchical linear
moceing, HPA = hypathalsmic-pautary-acrenal, HRST = Hamilion Raling Scaie for Depression, 10 = pisfigence quobent. LOA = lnent Class analysis. LGM = Latem growsh model,
LPA = latont profie analysis; MDD = magor copmssive disordan MOS < masamad EP M < Matacogntion Indax, A = negotive afiodivy; NICHD « Nabona Instinte of Chid Haalth
and Dervsdopenent, PPVT = Paabody Pickew Vocalniary Test PRI « Percepiiad Reasoning Index, REML = resticied maxanum Beabhood astimason, SE = sundard e, SEM =
struciursd equakon model; SR = serotone reuplake mnddor, SSRI = selecive SRI, TEA = Tost of Everyday Atlerion, WAIS = Wachsier Adul Irelbgancs Scals, WHO = Wordd Hoolth
Qrganzaton
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Supplementary Table §3 Detailed scores for the NHBLI checklist

Study (year)
Poatimanrn ¥

Buss™

YES NO NR Classification

B8 9 1 11 12 13

7

Fair
Fair

NR 1

1

1

NA  NR

1

Rhosdes™
Weikum™

Hughes**

Fair

Jensents

Comas™

Fair

Hackman®

1
0
1
1

NA NR

1
1
1
1

NR 1

1

Plamondon ™

Fair
Fair
Fair

NA NR

¢
0

Hermansen**

Yan™

NA NR

e

NA NR

Lagasse’’

NR

1

El Marmoun®
Wang*
\Vaneka's

Fair
Fair
Fair
Fair
Falr
Fair
Fair

NA  NR

1

NA  NR

1

Berthelsan®'

Wade™
Neuen

Nolw®

NR 1

1

Rothe rarr-Fulle

Feng™

0

NA NR

1

0

NR 1

1

Guaron-Sela™

1

NA NW®

0

Fair

Hutchison™

Faleschint?

Fair
Fair

Goce
Fair

Dhabwai*
Ross™®

Famitar™

Fair
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Ku™ | S 0 1T NR 1T 1 17 0 0 1 NaA 0 1 ) 4 1 Fair
Yu® 1 1 NR 1 NR 1 1t 0 1 1 1 NA NR 1 9 1 3 Fair
Rinne'’ t 1+ NR 1 NR t 1 0 1 1 1 NA 0 1 9 2 2 Fair
Poehimann™ 1 t NR 1 1 1 1 ¢+ t+ o0 1 NA 0 1 10 2 1 Fair

Referances cted accoraing o tha reference list on the main articla.
1= yes; 0 = no; N/R: not reported; N/A: not appicable.

List of questions:

1. Was the rassarch quaston or objective in this paper clearly stated?

2. Was the study popuation clearly specified and defined?

3 Was the partiipaicon rate of efigiblke persons at least 50%7

4. Were all the subjects selected or recruted from the same or similar populations (including the same $me period)? Were inclusion and exclusion oiteria for being
Inthe study prespedfied and applied uniformiy to all participants?

5. Was a sample size justification. power deacription, or variance and effect estimates provided?

6. For the analyses in this paper, were the exposire(s) of nterest measured pror to the outcome(s) being measured?

7. Was the timaframs sufficient 5¢ that one coukl reasonably expect to se6 an assoclation betwean exposure and cutcoms | I axisted?

8. For exposures that can vary in amount or level, did the study examine different levels of the sxposure as related 1o the cuicome (e g, categores of exposure, or
Sxposire measured as continuous vanabia|?

8. Were the exposure measures (independent vanables) clearly defined. vald, relable, and mplemented consistently across all study participants?

10, Was the sxposire(s) assessed more han coce over 1ime?

11. Were the outcome measures (depandent varabies) cleary defined, vald, reliable, and implementad consistently across al study participants?

12. Were the outcome assassors binded 1o the exposure siatus of participants?

13. Waas loss to follow-up after basaling 20% or less?

14, Ware key potential confounding varables measured and adjustad statistically for thair impact on the relationship betwaen exposure(s) and outcome(s)?

htipifidor org/ 10 476261 516-4446-2023- 3387
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Table 84 Overall quality assessment using an adapted version of the Grading of Recommaendations Assessment, Development and Evaluation

(GRADE) framework

Page 16 of 21

GRADE domain

Rating with reasoning

No. of stucies

Study design
Methodological
Imitations of the
Stucies (risk of bias)

Inconsistency of resulis

Indireciness of
evidence

Publication bias

 References cited accarding to the reference list on the main aricie.

33

Prospectve cohort studies

Five studies reporied atirition bige F 990525 Nine studies used matemal reporting 8s & measurs of sxeculive functon, which can be
considered an source of information bias 4742 405155 565555487 Howaver, four of these studies also assessed executive functions
through other methads, such as paternal repants, ™ leacher reports, > and tasks 5% Seection biss was raported in six
studies ¥ HATRIE Hawever, in mes! articles, both exposad and unexposed participants weea from the same population and had the
lsamo risk of developing execuve function problems. Tharefors, we genecaly Judgad the studies 1o have no sericus methodologic
imitabons.

Twenty-four studies confirmed the hypothesis of negative effects of maternal depressive sympiems on chidren’s executve

fncuons,
and 10 studies did nct detect a direct assocation between matemnal depressive symptoms and executive funclions 7 #9454R4858 5657 2.

Of these. four reported an indirect assooation mediatad by variables related to both mothar and chid (8.g., chid mental health
discrders, negative parenting characienstics, and low maternal sensitivity). Y #3%% We rated the evidence as not severely
Incensistant despte some varadilty In the results

The main exposures and ouicomas n the selected studies provided direct evidence to the clinical question at hand, The population
rangad from § months to 18 years, and most studies measured cutcome batween 3 and 11 years, which is the optimal range for
assessing executive fundlicn. The instruments used to assess maternal depressive symptoms (exposure) vaned acoss studies. The
same variabiity was found for the assessment of executive functiors. Howaver, al studies measured both expasure and outcome
with standardized instruments. We judged the evidence as not saverely indred but noted reascnable vanabiity in exposure and
outcome measurement

The total number of partcpents included in &1 studies was 38 893. One study had methodologic imitations cue to 3 smal sample
$i20.5" The sample sz6 power descripion was poorly reported by the studies, making # difficult o adequately assess the imprecision
criteria. Frvo studies roported “non-sigrificant results” but did not report standard error or confidence intervals. ")/ 1% However, most
studies reported predsion measures {manly standard eror and confidence intervals) and did nct present wide intervals or high
standard errar, We jJudged the evidencs to have no severe imprecisicn, althaugh this aspect shculd be interpreted with caution due %
the lack of sample size power description in 25 studies,

We did net strongly suspect publication bias because the saarch for studies was comprahansive and induded published studies that
bath an association and ne assccation botween axpesure and outcome.
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Supplementary Figure S1 Country of ongin of popuation data from the studies included in this
systematic review
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Supplementary Figure S3 Frequency of reporting maiernal depressive and executive functions
assessments per time point (n=33)
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ORIGINAL ARTICLE

Risk factors for executive function impairment in
adolescence: an analysis of data from the 2004 Pelotas
Birth Cohort study

Julia de Souza Rodrigues,' () Alicia Matijasevich,' Luciana Tovo-Rodrigues,®
Tiago N. Munhoz,** Ina S. Santos,® Maria Pastor-Valero™*

' Depariamento e Modkona Proveniha, Facwioeds do Medicine, Univeraicscd de S Pan. Séo Pawe, SP, Braal, * Departamento as Salw
Poblca Histora de b Ciancla y Ginecologa, Facuitad de Medioing, Unvemidad Afigus! Harndnder de Elche, Ebhe, Spain ? Programa da Pos-
Graduagdo em Epidemiviogis, Universidads Fedeval de Palatas (UFPs(l, Peictas, RS, Bran!. * Facuidade o Psicoogie, UFPe, Palokss, AS,
Beazil. " Cantro de Invasigacidn Bomédica 60 Red, Madid, Span

Braz ) Poychiatry, 2023 Nov-Deqd5(6)2 048]
doa-L0A V2601516 4846 20022027 )
Hrardian Pagthiatee Assocalion

Objective: To invasigate risk factors associated with impaired attention-related executive functons
{EFs) at age 11 and working memary at age 15.

Methods: Data lrom parficipants of the population-based 2004 Pelolas Biath Cohon &t ages 11
{n=3582) and 15 (n=1,5950) were anakzed. The Stody measuned attentionsl contral, cognitive
Hlecbiity, and sedactve attention using the Test of Everyday Attantion for Chilcran (TEA-Ch). Spatal
wofiur'-g memory was assassad by the Cambridge Neurcgeychological Teet Autemated Batlery
|{CANTAB). Logistic regreasion was employed to explore the relalionship between perinatal and
childhood expasures and EF impairment,

Results: Low maternal education had a signficant negative impact on EFs, Al age 11, & was
assodated with decreased anentional contral (OF « 304, 955CI 2.09.4.43), and at age 15, It was
linked to impaired spatial workeng mamory (OR = 2.21; 95%C| 1,568-3.08). Additional nsk factors
ncludad low househoki mcoms, b or brown matemal skin color, hgh parity, preamatunty, low birth
weight, and mulliple sitlings. Breastieeding, regardiess of duration, was found 1o be a protective factor
against impaired cognitive flexibiity (OR = 0.36; 56%C1 0.22-0.65).

Conclusion: This study underscores tha |asting Impact of pernatal exposures on EF davelopment
Polcies that magate tha negative effects of nsk factors and promote EF davelopment, aspecially

among vunerable pepulations, are needed.

Keywords: Birth cohort, attentiore memory, adolescent

Introduction

Cognitive development In childhood and adolescence &
influenced by several factors, including sociceconomic
and birth conditions, family charactedstics, and parenting
practices. Executive functions (EF)s play a critical role in
healthy cognitive development. as they are responsible
for contralling and executing mental, attentional, beha-
vioral, and emetional processes in siluations of conflict
or distraction. According to Diamond.? EFs are a set of
higher-ordar cogniiva abiilies consisting of at lsast threa
subcomponants: inhibition, working mamory, and cogni-
tve tlexinity. Oter cognitive processas, such as aten-
tonal functions, act as underdying factors that suppor
engagement of the main EFs.?

Previous research has shown that healthy EF develop-
mant is a hugely important predictor for 1ater life cutcomes
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such 86 subjective and physical welk-baing, * Childran who
experience adversity dunng chidhood and adolescence
are more tkely to have impared EFs, which stfects both
ther quality of lile and development over time.” In the
medium and iong term, EF defcils ae associated wih
tigh-risk behaviors such as crime and violerce, obasity,
owersating, substance abuse. and marnta proolems.”
Attention defcls and internalizingextamalizing problems
are also associated with EF development disorders.”

The development of EFs mwolves several factors and s
dosely linked 1o the sensitive pariods of brain maturation
and the formation of neural circuits, Peniculmy in the
prefrontal cortex and Mmbc reglons.” Some of these
factors are nherent to individual neurobiological develop-
mant, while others are environmental It has been amgued
that adolescence constitute a sensitive period or a range
of cognitive functions, incuding affect regulation and EFs.?

How 10 cite this article: Rockigues JS, Masjasevcn A Tovo-
Reoanpues L, Munnaz TN, Samtos IS, PassorValoro M. Rk factors
Sor axecutiva lunction mpairmant . adokscanca; an analysis of data
bom ®e 2004 Pebiss Biran Cobon shdy. Beaz J Psychialry.
Z2345:470-481. ntipcdon o/ 1 0 4762615 16-8436-X123- 3277
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Studies have described mulliple rsk faciors assocated
with srpared executve functioning In  adolascence,
inciding prematurty, pennatal complications, chikdhood
asbuse and neglect, low socioeconomic stetus, and
profonged exposure 1o matemal depression '™ These
rigk tactors can disrupt the nommal davelapment of brain
regions involved m EFs, such as the prafrontal cortax,
leading to compromised cognitive abiities. ™ Addiionally,
they may contribute 10 Incraasad stress levels and afered
neurctiviogical processas, furthar impeaining tha functioning
of sxecutve processes In adolescencs,

Research on risgk factors associated with EF mpairmen
has increasad in the lilecaiure over the past 20 years.'™'"
Howaver, studiss have manly fooused on cohorts from
highrincome courdies (HICs), leaving & Spnificart gap in
understandng the impact of rigk tacters on EF davelop-
ment in low- and middle-income countres (LMICE).'”
Ganearalizaton of results from HICS may lead to under-
estimation of the harmful affects of rsk factors on
populations = LIMCs, including countries such as Brazil,
This discrapancy arsas from substanhal dispanties n the
quasity of life and sockeconomic condtiors experienced
by these populatons. In LMICs, issues such as chid
poverty, low birth weight, and madequite nulrition are
more praveleal than in wealthier nations. As a conse-
quence, 1he mpact of these risk factors is expected to ba
signficantly more pronounced in LMICs.? To address this
knawledge gep, the present study aima 0 examine the
faclors assocaled with impaired EFs refsled 10 atlenbonal
control. sekachve attention. and cognitive flexibiity (et aga
11) anvd weeking memery (at age 15) among chikdren and
adolascents from the 2004 Pelotas Bith Cohont.

Methods
Participants

The 2004 Pelolas Birth Cobord = & popdaton-Dased study
that included chiddren bom in Pelotag, state of Rio Granda
do Sul, Brazi, between January 1 and December 31, 2004.
Tha onginal cohaort compnzad 4,231 newboms (99 2% of &l
birthes: 51.2% boys), who were folowed theoughout chid-
hood and adaescenca. The data included 3,491 partic-
pants who weee followad up at 11 years okd and 1,950 who
wero folowed up a1 15 years old The sixth follow-Lp warve
(at 11 years of aga) wes conducted betmean May and
Ociaber 2015, with a follow-up rate of 8% The seventh
folown-up cccuned batwean Novembear 2019 and March
2020; hoveaver, only 46.1% of the ongml cobort vas
fokowed up belore the stan of the coronavinug dsease 2019
(COVID-18) pandamic, which dsrupted turther data colec-
tion. The limeline of lolow-up waves is described in Figure
S1 (avalable as cnina-only supplemantary materdal). Add-
ticrial information abaut the methodaogy of the 2004 Caohont
and the coliecied data can ba found in previous studies. '™

Mestsures

Executive functions

Attentionselated EFs al age 11 wem assaessad by perform-
ing tasks contained In the Test of Everyday Attartion for

R sk factons for executive funchon imparment

Children (TEA-Cn)™' & neuropsychological test devel-
oped to assass the muRkiimensional nature of atlenton
and related EFs in children and adolescents. The three
atrention-related EFs assessed were gttandonal comrol,
cogniive llexibiity, and selectve altention. Al the age
of 15, spatial warking memory wea examined using a
subtest of the Cambridge Neuropsychological Test
Automated Battery (CANTAB]. > The tasks are described
n Table S1 (avakable as onlire-only supplementary
matanal),

n the present study, attenton-redated EFs and spatial
warking memory were dchotomized to deline a low
performance group. Categoreation of attention-related
EFs was done using a cutoff pont of < 10th percentile,
ndicating thase chikiren who feok the longest ta complete
tha 1ask. Meanwnile, categanzation of spatial working
mamory was based cn the culoll paint lor the 3rd terbile,
wentifyng Mose with a graater number of erors,

Pernatal exgosures

Maternal, sociceconomic and pregnancy charac-
teristics. Vanables weme collacted n the pennatal mter-
view and ncluded housaheld income (measured as a
continuous  varigble and categorized Into  quintikes),
matamal sducation {categorized into 0, 14, 5-8 and
= 9 years of formal edocation), sell-repocted matemal
akin color (whita, biack, brown, yelow/indigenous), ving
amangement {alone or with a partner), matemal age
(< 20, 20-34, and = 35 years), and panty (defined as the
number of previously bom chikiren and categanzed as
1.2 and > 3). Smoking during pregnancy was assessad
retrospectivaly at beth by matamal mporting; reguiar
smokers were defined as women who smoked at least
cne cigaretle per day in any timester of pregnancy.

Birth charscteristics and breastfeeding. The vari-
ables of e cnlld &1 birth assessed were low birth weight
(< 2500 g) and prematurity (pestatonal age < 37
weeks). Duration ol breastfeeding was assessed by
matamal raporting at 24 montha and categon2ed &S
< 1,13, 36, 612 or 2> 12 months,

Chilghocod axposuras

Environmental characteristics. Absance of father
(social or biclogical father) was measured in the Frst
48 monihs of lile (never ebsent, absent at 24 months,
absent at 48 months, always absent). The number of
older sbings (none, 1, > 2) vwas repoatad by the mothar
n the perinatal interviaw,

Maternal depressive symptoms. The Edinburgh
Postnatal Deprassion Scals (EPDS) was originaly
dasigned for 1e idantification of postpartum depressan
disorders in cincal and research settings.®® The EPDS is
a self-administared scale conssting of 10 items evaluated
on a 4-paint ecale (0-3). with & otal minimum score of 0
and a maxmum score of 300 The scaw indicates the
ntergity of depressve symptoms in the 7 days precading
tha imerview. The validated version of the questionnaire
was administered to the mothers of the 2004 Palotas
Cohort 2% EPDS scores from 1he 3-manth to the 11-year

arl
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fallow-ups weare usad 10 consruct trajeciones of matemal
depressve sympeams through a semiparametnic group-
basad modeling ggroad\. a spedalized form of finite
mixture modakng = *® Detals of the steps and methods
used to idantfy the trag@ctores of matamal depressne
symptoms have been reported i provicus studies ' =
Groups 1 (low depressive symptomatology trajectory,
n=1,161) and 2 {moderataly low tragactory, n=1381)
represented 75.7% of mothers, who had EPDS scores
< 10 points In all todow-ups. Group 3 (Increasing
degressve  symplomatclogy  trajeciory] included 9%
(n=300) of the women maonitored, who had a consistent
increase in depressive symptoms throughout the study
penod. Group 4 (descanding trajeciory) included 9.9%
(n=328) of women and, unkka the previous group, thass
mothers had high EPDS scores during the first 2 yesrs
postparium and a sharp decrease thereafter. Finally,
group 5 (chronic-nigh trajectory) reprasentad 5.4% of the
population (n=181), and ncluded mathars wha had high
EPDS scores throughout the study period.
Maltreatment. Adolescent makeaiment was evalu-
ated al the 11-year folow-up. Caregovers, most of whom
were mothers, were asked about parenting strategies
using the Parent-Chid Confict Tactics Scake {CTSPC).™
The Portuguese version of the CTSPC was adapted
and validated cross-culluraly for use in Brazi*® The
CTSPC |s a 224tem guestionnaira that measures parental
behavior toward the child in ths pracading 12 months. Tha
CTSPC evaluates behavors related to nonviclant dsci-
pine (lour items), psychalogical aggression (fve tems),
and physical aggression, ncluding corporal punishment
(five items), physical abuse (four itams), and sevars
physical abuse (four items; not administered in tis
study). Al tems were scomed on a 3-point scaks (0-2:

never, ance, of more than ancej, ylelding a to1al score
ol 0 to 28, Hgher scores indicate higher exposuee to
maltreatment. In this study, the 1otal score on the CTSPC
scaks was categorized info tarties.

Statistcal analysis

Compansons between sociosconomic, matemal, and
birth charactensics amang the paricpants of the 11-
year (n=3.5382) and 15-year (n=1850} followups In
ralation to the total number of participants at bassline
(n=4,231) were performed using the chi-square test. The
descripbve anayss was performed by calcdatng the
absoute and relative frequencies of the vanables of
intares!, Bivarata statistical analysis batwesn sach
exposure and the study outocomes was performed by
means of the chesguars test. To study the potantial rsk
lactors for impaired perormance in EFs related 1o
aftentional control, cognitive flexbilty, selactive attention,
and spatial working memery, logistic regression models
were constructed lor each EF analyzed and adustment
was perdomed using & hierarchical conceptual modes! for
detamining ek faciors (Figura 1) with four levels: 1) leveal
1: adjustmsnt for maternal, soceconamic, and gasta-
tional charactenstics, 2} level 2 adjusimant for lavel 1
variables and emvronmental charactedistics; 3) level 3
ejustmant for level 2 variables and charactenstics of
brth and breastieading 4) lavel 4: adjustment for leve! 3
vaiables and maltregment in childhood. Odds ratios
(OR) ware used to asssss e associatons batwesn
variables. It the significance kBvel was below D.20, the
viriable reamained in the modal as a potential confounder
for the next leved.™ An aipha level of 0.05 was considered
to indicate an assocation. All analyses were conductad

parity, smoking durng

Household income, malerns educston, madarmal age,
mother living with parinas, sall-reportad malarral skin color

| l

pregrancy, child's sax

Pramatunty, low by

waight. rasteading

A

4

Nuvbaer of silings, absence of fathar,
rajeciones of malernal depression, makreatmen

l

Impairment al axecutive furet

ions 81 11 and 15 years of age

Figure 1 Conceptual mode! for deteminng sk lactors assockted with executve functions & 11 and 15 years of age n

adoleacents from the 2004 Pelotss Birth Cahort.
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using Stata sofware, version 16.1. An additional analysis
was conducted In which potential risk fackors wens
modeled for two distinel groups: paricpants belanging
10 the lowast incame quintile. represanting the economic-
aly dicadvantaged group. and the cther paricipants
belongng to tha second to fifth ncomsa guiniles.

Ethics stalement

This shxdy was appeoved by the Ethics Committes for the
Analysis of Ressarch Projects (CAPPESQ) of Universi-
dade de Sao Paulo and by the resaanch ethics commities
of Unaversifade Federal de Palotas. Al the sixth follaw-up
(at apa 11), the study was also approved by CAFPESq.
Writlen infarmed congent was obtaned from tha adolas-
cents’ mothers or guardians, At the sbuh and seventh
fallow-up visas (at ages 11 and 15 years), the adolescents
themsalves signed an assant fom.

Resuits
Artntlon anaky/sis

Participants who were folowed up &1 11 and 15 yaars hed
batter socioaconome indicators than the basdine sampla
as awhole, as shown in Table 1. Additiondly, there were
lewer casas of preterm Dirth and iow birth weight among
those followed up at 11 and 15 years compared 1o the
basaine sample. At the T1year follow-up, a highar
pragortion of mothers reperted iving with their partnar,
while 3t the 15-year follow-up. more participants had been
bam ta mothers aged 35 oc clder. There were no
offerancas In matemal skin color or child’'s s&x batween
those reached at the 11- and 15year kllow-ups and the
baselne sample

Sample descnpbon

The majorty of mothers af participants followed up at 11
and 15 years of age were white, aged 20 to 34. had at
least @ years of schoolng, and had not smoked during
pregnancy. The prevalence of boys was sightly higher at
bath !e 11- ana 15-year followups. Most adolescants’
fathers had been present during chikihcod. In addtion,
the majorty of adolescents were braastfed for at wast
the 1sf month o life. For maore details an padicipant
characienstics, sea supplementary matanal (Table 52,
available a5 online-only supplementary material),

Bhanate analysis

Lawer household income, lower levels of matemal
aducanon, and graster number af sibings ware esso-
ciated with attenton-relsted EFs at aga 11 and epamal
working memory impairment at age 15 (Table 2). Chikdren
of single mothers and ol mathars who smoked during
pragnancy pedfomed comparatively poorly in attentonal
control, Other factors associated with lower performance
in atenional control, sedactive ablention, end epatial

working memory were black or brown maternal skin
color, party of threa or more chidren, and absence of

Risk fastors for exocetive function impainment

father at 24 and 48 menths. Additionaly. prematurity and
low birth weght ware associated with lower performance
ol abention-related EFs at 11 pears of age Male
adolescents prasentad lower pedormance in selective
attention, while girls shawed lower gerformance in spatial
working memory more frequently. Furtharmore, adeles-
cenls whose mathers had chronic and severe depressive
symptoms when thay were aged 3 months to 11 yaars
hiad lower pedfornance N attentional contrel, selective
attention, and spatial working memory. Higher levels of
malireaiment were associated with lower pedormance
In cognitive flexibiity. Lowes parformance in cognitive
flexibdity was also chserved among children who were
never breastfed,

Ad)usted analysis

Several perinatal an chiklhcod predictors were asso-
cated with impaired atlention-related EFs and spatial
working memery (Table 3). Low matemal educaion was &
strong predictor of defce in attenton-refated EFs and
spatial working memary, This cbservabion romained
congistent even afler stealifying by household income
(Tables 53 and S4, availabke as online-only supplemen-
tary matenal]. Mareover, lower household Income was
associated with higher odds of attenticnal contral impair-
mant. Natably, chikiren of mothars who described thair
skin cofor as black periermed worse than chikiran of white
mothers on attentional confrel, selective atlention, and
spatial working memory. This resuft parsisted for selective
gttention impamment aven whan housahokt income
stratification was taken indo acoount,

A greatér number of siblings was associated with
impaired attentional control and spabal working memory.
Additionady, low bith weight was found to be redated o
poorer salecave attanton at 11 years of sge. Moderste-
low and decasing matemal deprassion symptoms warg
linked to poorer spatial working memory at age 15
Stratification by household ncome revealed that within
the wowest ncome quindle group. moderas-low and
increasing matemal daprassion symploms werm ass0-
cated with impaired attentiona control

In terms of sex déferercas, gris exhbited a reducad
nsk of selective attenton wrpairment &t the age of 11,
white presenting poorer performance in spatial working
memaoey & age 15.

Interastingy. breastfeading reduced the odds of
impaired cognitive fllexitility, regardiess of duration. In
addition, a prolecive affect was obsernved in which
chikiren of mothers okler than 35 year showed higher
cognitive flexdbiity. Potential risk factors such as matemal
age, whether the mother lived with a pariner, absence of
fathar. smolong during pregnancy, and maltreatmant weare
not found to have any significant asscantion wih EFs.

Discussion

Using data from a population-biased cohort study, the
presant sludy examined the impacts of socieccnomic,
parental, and adolescent variables on the performance of
attention-ralated EFs at the age of 11 and spatial working
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Table 1 Matemal and adolescent characionstics among pasticipans at folow-ups conducted at 11 and 15 years of age in

relaton % he baselne (parnatal) sample

Fotlorwups
Varables Peaeratnl {ned 231) 11 yoars (r=3,582) 15 yoars fne1 S804
Housahold coms {untias) P« Qoo p =000
5h {wealhicst) 830 (19.6) 33 gﬁl 352 {18.4)
L) 856 120.5) 4211 ax2{222)
3= AR U IR R 07 (209)
2 854 (20.2) T8 (201) IxInar)
15t (pocrest) £71 |120.5) 96 (19.5) 355 {18.7)
Masomal educaton (yoars) o=0.00 p =002
>9 158018300 1.542 (427 958 (449
58 131 4) 1,465 (41.5) 790 (40.8)
14 611 |14.6) 497 (14.1) 24{1386)
o 3010 29 (08) 13407
Selt-reported muemiad shin oolor p=0.142 p=0067
Whita 250147 2187 (62 122065 4)
Bk 689 116.5) 564 (166) J16{164)
Beown BA3 (20.5) 741 (202) 375 {10.5)
YelowIndganoes 43 (1.0 S (1.00) 14{0.7)
Maverrial age of birth {yecrs| p=007a p < 0,000
203 2565 (67 %) 2404 (67 1) 1,296 (66 &)
<20 799 (18.9) &89 (138) 350418.0)
> 35 £63 (13.3) 453 (138) 303{155)
Moter Inving with pannes p=000 p = 0062
Yeu 3506 (836 303 (4.5 1652 (84 5)
No 683 116.4) 356 (156) 2071153
Cheld 5 2ex p=0.348 p = 0360
Male 2154 (58 1,840 (51.6) 935 (51.1)
Female 20354881) 1.720 (48 4) 453 4a8.9)
Low terth wesgint p < Q00 p=0024
No 380349000 3247 (91.0) 175 {1 1)
Ve 423 (10.0) X0 20 173l
Peoteon birh p= 0007 p Qs
No 3403(855) 3068 (84 1) 1559 (86 8)
Yes E12 [145) 435 (139) 257{132)
Dt presented as n (%),

memory at the age of 15 years Among the pennatal
axposures nvestigated. low maternal education was the
risk factor {hat presented the greatest negalive impact en
attenton-ralated EFs at 11 years and spatial working
memocry at 15 years. The resulis also indicated that
breastfeedng (regardiess of duraton) and late matermity
had a protective effect on the performance of atiention-
related EFs at ags 11.

Law maternal educaton and low household income
have been consistently identified as risk facters for EFs
devalopment. as shoan In a mela-analysis by Lawson
et o."% with 18 independent populations. Our results sdd
1 this literaturs by showing that the nagative association
of low faméy ncome is particularly strong in countries
such as Brazil, where about 42% of chidren aged 0-14
years Ive in peverty.? Furtharmere, our siudy revealed
hat low matemal education had a greater negative impact
onEFs at 11 and 15 years of age than househoki income,
Matamal education plays a oitcal role in child develop-
ment, refiecting matemal charactenstics that may infiu-
ance the parent-chid redationship, whils income has a

Braz J Pypchiatry. 2023,45(6)

greater mgect on chidren's axpoeure 10 ameronmental
stressors,™ Compared to countres in the Global North,
ceuntries n the South offer less social prolection for
chilgren in terme of nutntion, health, and aducation. Thus,
mathers and caregivers have a more central role in the
childs development process, Mathars with higher levels
of education have the polenisl to create healhier and
mare stmuiating hame anvironments for child develop-
ment, This includes providing  greater  economic
resources, enhanced informalion proceseing capacty,
and increased access to betler aducational emvron-
ments.® Higher levels of matemal education are asso-
clated wth a decreased rsk of matemnal deprassve
sympiome, which in tum can have a %es mpact on the
quality of the matheechld ralationship.™ Interastingly, the
study also found that older maternal age served as a
protective facter lor executive functioning impaimment,
possibly due to greater matenal experience and stabilty,

The resuits of this study showed negative conse-
quences of matemal characteristics on the developrment
of execulive Iunctionng In lale chikdhood and
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Table 2 Froquency of impairment of EFs related to attertion and spatial working memory according o materrad and
agolescent charaoerstcs

EF ymparmant
Attonscnal comro Cognive foabity Sclocthve atiormcn Spata working
{p10) at 11 yoars P10 @ 11 yoars (pw)mjldus {p3) at 15 yoars
Varigies n=3AS2 N3 n=3 ne=1910
Houschold income p < 000 p = Q001 p = Q.00 p < 00N
quinties)
Eth |wealtéest) 203 48 (7.4} 20 (4 5} €6 (18.34
Ath 45(6.1) 54 (7.4} 57 (7 B} e (21.7)
Jed 71{103) 77 011.3) 74 (10.8) 1086 (27,7}
nd ¢ {1530) 009 % (135) 10 (2.5
18 [poonesy MNO(167 B2 (12.6) 135 132 (B9
Matermna educabon p < Q001 p «< 0.001 p < Qo0 o < oM
(yearm)
=9 T2(45) 106 (71) 8557} 162 185
58 1590115 166 (119 158 (11.5) 235 (30.6¢
4 105 (22.0y 64 036) 87&& 7 00 (356
o T 4 (1604 8 {334 7 (536)
Matermal age af buth (yoors) p= 0009 p=0.108 p = 0.006 e
20-34 21 (95) 219 19.6) 34 (10.5) 332 (267
< A 29 T 22) 65 (10.3) 06 131.7)
=5 weEa 4397 3BEN 68 (23.2
Mother lurg with pariner p = 0041 p = 0907 p =050 p= 0167
Yes 2V 98 207 {10.0) 24 (99) 427 (26,0
e 67 124) 54 (101) 35 (10.5) 66 (23,9
Salceporad matamal p < 0001 p=0.1a0 p < 0001 p < 00
=hn coior
Whie 142 6.0 1905 181 7.2) 278 (25
Black 0 (16.Y) 64 (12.9) LAY N3y
Brown €138 o7 {88 & (11.8) 06 (22.04
Y elicrad utiQenous 41118 259 2159 4 (784)
Parity p < 0001 p =003 p < 0001 p= 000
1 08N 131 9.7 108 (A1) W3 (250
2 (I 7oAy B (88 127 (254}
3+ 166514 8) 131 {11.6) 145 (153) 197 (300}
Smoking during p=00D4 p =078 p=0.009 p= 0470
pegnancy )
o 220 (3.1) 245 |8.5) 236 19.9) 342 (24.2)
Yes 1n4a0124) 83 (10.2) 103 (11.4) 165 (389}
Aosence of father p= 0012 p = G50 p = Q.000 p < 0.001
Newer absent 176 (2 ) 195 (9.7) 173 [26) 302 (25.3
Atsant al 24 mods 22 410.9) 22 (10.1) 22 (10.4) 27 (26.5|
Alsan! al 48 mors 47 13 37 (10.3) 510144 50 (28.2)
Ahvaxys abuart 2 2 (&0 47 (114 &0 (3.0
Low bith weght p= 0004 p o= G048 p < 0001 p= 0032
o 300 (95) 309 (9.9) 290 (9.4) 1,292 (74.1)
Yes 444147 32 (10.8) 4% (18.8) 111 (6R5}
Preterm birh p = 000 p = Q040 p = Q00 pe 035
e 215 (92) 262 (9.6) 2N 19.2) ad4 (262}
Yeu L RR L B 88 (26) 67 (14.8) T80
Chid's sax p= o202 p=Q7i0 p=0.007 o ~ 0001
Mak 188 (10.8) 178 {10.2) 197 (11.3) 201 (20.7)
Femaks 156 (2.3) 163 (9.8) 142 (8.8) 06 (32,7
“nmm) [CTSPC soone) p= 0878 p =00z p=0.1% pw0ASS
o
Tst [bowwar} 143 (98) 120 (10.3 107 (2.2) 156 (26.0f
131(10.) 107 8.4) 117 19.2) 177 (25.8}
3rd (highest) €6 {102) 110419 106 (11.5) 152 (288}
Confnued on nict page
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Table 2 (continued)

EF impaiment
Atamtoral control Cogritve Taxbiiy Seecive amertion Sparal workng memory
{p10) 81 11 yaaes (p10h 1 11 years (P10} & 11 years (P31 & 15 years
Varkbies o B n=3413 Ned 392 n=1310
Kumber of stings P~ ono p=000a p < 0o p < 0001
8072 94 (85) 75 133 (22 5)
) 92 (7 4) 120 (9.7) 1186 (9.6) 177 (2490
=2 158 {163) 1a(126) 125(154) 176 (4 2)
Tryectones of maternal p =000 p=0218 P =-0.0480 P~ 00
depressve symptoms
Low N BB M7 115 (196)
MO Denste-ow 13T 9 E 144 (102 141 (10.0) 22327 5
Dacrassing 430127 43 (11.5) 46{125) 65(32.0)
Incecasing 47 (153 e AR AR HN4) 52 {31.0)
Chronie-high 707 21(134) 12 12.) 33{35.1)
Bragztieadrg duralion p=0.008 p =000 p =0253 0= 0097
{morane)
0 11(12.9) 19 (21,6) 15 (16.7) 16 (27 6}
<1 27103 218 25198 40{30.8)
-3 10139 67 113.4) a3 o 234{33.2)
F12 106 B8.3%) 116 2.3) 120 {8.6) 175 (25.0)
=12 12897 =0 122(8.5) 182 (24.7)
Data prasented a6 n (%)
p-vaboess from a ch
CTSPC « Parert: Oorﬂu:i YmSmle EF5 « exeoutive fnctons p10 « worst decle {ndolescents who 100k e longest 1o compiese the

135K, P = worst 1erths {A0aRsCams who mase g Nghe s rumber of Mesiakes i Tie Sask),

adolescencs, Matemal skin color (black or brown) has
been identified as a risk fador inscfar as il rellects
aspanties n accass o resources and opportuniies,
potansally influencing e devalbpment of offspring
EF.*® Mullipar#ty, or having muliple children, has been
Inked %0 potential chalenges In parentng practices that
may negatively affect chidren's EFs. This association is
pariculardy notable in famies of low sociosconomic
stmlus, where the presence of multiple sblng% can lead
10 competition for parents’ time and aention.

Exposures to matemal depressive symptoms and a
high number of sibings in the 15 years of age were
wenafied as potantial risk factors for impairmant of
atienton-related EFs and spasal working memory of
agee 11 and 15. Accoedng to the theory of ecolgical
davelopment, stressors 0 the envircoment and the
ahsence of complex stmuki can mpair the dawlq:mcm
and regulation of cognitive precasses linked 10 EFs.
Having a higher number of siblings can impair EFs due o
factors such as mducad parental mongonng limilad
practice = negotiaion and conflict resolution, and
ncreased social complexty ™ This can result in reduced
opportunities for one-on-one intaractions and cognitive
stimusation, which are imponant for the devsiopment of
EFs. Maanwhie, maternal depressive symptoms have
2 persisterd negative impact on axecutive functicning
thraughoul child developmert due 1o a lack of essantial
environmental stimull important for cognitive  growth,
including oognime stimulation, communicaticn, and posi-
tive ametions.*

In addition 1o matermal charactenstios, birth characier-
istice such as prematurity and low birth weight were
wentifiad as nsk factors for impaired EFs al age 11,
Pracmnaturity was associated with impaired  attentional

Beaz ) Peychiatyy, 2023,45(8)

contrd, whils w bith weght was associated with
mpaired selective atlention. These resulls are in line
wih pravious rasaarch that points 10 premaamy and low
birth weight as sk factors for saveral ?-teﬂn cognitive
outcomes, mduding EFs impaimment. ' Although posi-
tive parenting and good parental mental health can
mnimze the negatve eflects of premature birth and
pasitively influance naurodevalopment ™ advarse affects
of prematunty and complications refated % the develop-
ment of brain regions such as the prefrontal conex may
be associated wih cognitive deﬂcns threughout chita-
haod, adolescence, and aduthood,'*

In our study, we found sex diferences i selaclive
atlention at age 11 and in spatial working memory at age
15. However, this result should be nterpeeted with
caution. A recent lterature raview indicates that gender
& not the main {acter in indvdual differences in EF and
cognitva performanca.™ The Marswure suggasts that
these dilfferences are olten due fo minor changes in lask
dasign, suggasting that variabons in siratagc eppeoaches
and culcoms preferencas contrbute to the ocbserved
eflects on EF, rather than being due te inherent
differences in abilty batwean tha sexes

Furtharmore, braastiesding was kientfied as a protac-
tve factor for cogntive flexibiity at age 11 years,
regardless of #ts duration. Qur findings not only empha-
size the Influence of breastfeeding on chidren's cognitive
davelopmart but also align with longbudmd ODEBIVANNS
from the 1982 Pelotas Birth Cohort study, ™ This study
highiights the association between Lreastieeding and
mproved pardormance on intedigence tasts even after
3 decades. Importantly, despite growing recognitien of
breastfesding's positive effects on child cognitive devel-
opment, thare is imited evidence associatng 4 to EF,

107



19%PE20Z Teeppisg 1 g

Table 3 Logstic regrassion modeks for impaiment in performance of attenticnal contrel, cognitesa flexbiity, and selective ationtion at age 11 and spahal working memory at

e 15
Arerbonal ccotrol Cogritve HeekRiny Sakective attentcn Spatlal woking momery

Varabiag Croc Adustod’ Cruks Acjustod’ Cruda Adjustod’ Crude Aufpsted

nw@mm income p < 0L01 p=« 0029 p = 0.001 p= 0247 p < 0.001 p =024 p < 0.001 pe 008
S0 {waathiest) 1 {mt} 1(=f 1 (ral) > 1 (ref) - 1 {re) 1 {ref)
an 155(094252 114 |0621589) 100{067.1.459 - 1.78 (1.13-2.80) - 1.24 (0.87.1.77) 1.08 (0.75-1.57)
3d 272(1.72430) 160 {0382, 158 (1.10232) . 254 (184.599) . 166 (\.17.2 1.24 (0.85-1.80)
2red 55 (225654 160 {0982 162 {11228 - X227 (2.53-4.01) - 107 (1.32-2.65) 1.20 (081-1.7H)
151 (poorest) ATE{08TES 1950204017 1 (125282 - 327 (22400 - 261 (V05365 168 (1.13-2.48)

Maaral aducaton dears) p < 0001 p < Q0 p < Q0o p < Q001 p < 0,001 p < 0.001 p < D001 p < 0.001
=9 1wl 1(sl) 1 (ra) 1 (%) 1 (et 1 () 1 {re) 1 {re)

58 253(1.903 155 (1.12215) 1 77(137 228) 1.77(1.37 256) 214 (163-282) 130242 180 (1.51.2. 1.51 (1.17-1.95)
1-4 BEAAU7-T T A04[20944% 206148286 208 (148286) 3B 2775629 306215435, 270 (200268 221 (1.58-308)
0 6.97 2.051701) 410 (VA3-1056) 248 (08470651 245 084-735) A2V (361-0406) B8 (A0R2-21.06) TH2 (217-2593) 498 (14117 62)
Matamal age a1 ben p=0010 p=0003 p=010 p=0218 p= 0058 p=00m4 p= 0065 p=0558
(yBars)
03 T ) 100 1 (rel) ¢ 1 (ret 1 () 1 {ref) ~
<20 1A1{1.07134) 15 {111.219) 137 100473 - 0.98 (0.74-1.31) 1.00 (0701 41) 1.28 (O -86) -
=35 030(055-115) Q67 (045059 096 06123 - 064 (DA4084) 0556 (037-0.82] 085 (0.63-1.15) -
Sd&mpodmed maemal p « 000 p < 000 p=D173 p =043 p < 0.0 p < 0.0 p < 0.001 p= 0008
Bl
White 1 (ral} 1 (0 1 (rel) - 1 (el 1 () 1 {re) 1{re)
Biack 233{215374) 21401 mgg 136 {1 02-1 634 - 286 (218376 24718327 190 E 5-2 48; 152 (1.15-2,02)
Boown 215{1.6628) 165{124- 106 {0.79-1.42} - 74131232 145108185 1.34 (1.03-1.75 1.91 (O.B5-1.47)
Yetowindgonous 156 (065635 187 {064-546) 06 (014254 - 081 (0193400 083 (020-353) 132 (0.41-4.29)  1.07 (0.33-351)

Panty p < 0001 p < Q0o p = 0.064 p= 0287 p < 0O p=0Q116 p=0100 p= 0251
1 1 {ml} 1 (s 1 o) - 1 (ref 1 [%d) 1{ref) =
? (2072155 113080161 D67 {0651.77) . 110 DE24H 1030074184} 0. (170 16) -
=3 20501 59265) 196 (135274) 123095158 - 174134227 138 (056-1.90) 132 (1,041 68) -

Smcking dusrng pregrancy p - 0.004 p=- 0738 p=0.788 p = 0264 p=0.002 p=04n p < 0.0N p= 0053
No 5 {ref} & 1 (ref) 1 (refh v 1{ref) 1{red)

Yoo 1A 1118 . 104 {0801 55| - 1.23 (096-1,57) - 157 (1.26-196) 1,26 (0.99-1,60)

Mathar ey weth pammar o =004 p=0300 p =097 p = 0,608 p = 0689 p = 0659 p= 0167 p= 058
Yeos 3 {ret] - 1 (ret} 1 (refy . 14{ref) -

No 134(1.00.1.7) - 102 {0.74-1.38) - 1.06 (0.78-1.44) - 1.21 (0.82-1.60) -

Onbkdf 6 sax 9 =0203 p = 0085 p=0710 P =068 p=0.007 p = 0006 p < 000N p < 0.001
Fomae 1 (ol 1 (N 1 (rol} - 1 (red) 1 [eh) 1 {re) 1 {re)
ke 116{0.92145) 123(097-156) 104 {D&31.3) - 136 (108171 141 (1191.78] 054 (143-0.68)  0.54 (044-067)

Preterm i p < 000! p=- Q026 p = 0.047 p=~0.162 P = 0.047 p=-0240 p=0334 p~ 0597
No 1 {ret) 1= 1 (ret} 1 (o) 1 (refy . 1 {re®) ’

Yea 163{1.27225) 142 14125 136 (1.00-1.84 124 022-168) 1.06 (1.00-1.84) - 1.16 (0.8&-1.55) -
Contnuad on néxl page
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Table 3 (continued)
Amsetioral contml Cogninive fexibiny Sewciwe Aw0ton Soalis workeg meEmory
Variables Cride Acjusted’ Crude Adstec! Crude Acpusted’ Crude Arjusted”
Low bith mwight p=0005 p=0258 p=0&23 p=0516 p=0623 p < 0001 p=0033 p=0Q136
No 1 {ref) . 1 (ref) . 1 grof) 1 (%) 1 {ref) 1{ref)
Yes 163(1.1622%) 1.40 (075-1.62) 110075162 188(1402.7D) 1.45(1.03.2.03) 1.31 (0.92.1.88)
Broasfeedng duralnn p=Q010 p= 018l p < 0.001 p= 0007 p =0267 p=0618 p= 0048 p=0138
{mong)
0 1 {nt) 1 (se) 1 iref) 14{nf) 1 el - 1 {ref} 1{re0)
<1 084{0.40:1.77) 102045227 032(Q'60.63) 032016064 032 10.16063) . 0.15 Q53 084 141 (06&52.01)
13 1.1B{DE023R) 133 0065275) O56(0320.89) 0.56 (0.31-093F) 056 0.32095) - 0.27 -0.36-0.89) 1.42 (0.73-2.75)
> 0S56{0.34128) 057 043175 Q37 (0220.64) 040 (023070 QITN22064 . 0.13 (A.73047) 105 (D.56-1.89)
=12 D7R040:15Y) O 047190 0360210620 038 (0.22-065) (036 00210 - 015 (750 45) 098 (0.52-1 85)
Number of stangs p < 000 p= Q015 p =000 p=0358 p< 00N p=02% p < 000 p=0042
0 1 {ref) 1 (oxf) 1 (red) > 1 - 1{ref) 1 {ref)
1 108{0.75-141) 105073148 115 (087 1.53) - 130 P ar-1.74) - 115 (0.85-1.48) 0.86 (D.72-1.
a2 TAINA0AN 16001023 183(1152.09) - 185 1412 5% - LY (L2084 134 (001
Atsancs of tathar p=0020 p=0394 p= 0842 p=0T17 p = 0005 p=0074 p=0474 p=096
Nawer atsent 1 {ml) . 1 (red) . 1 gul) 1 (=) 1 (et .
Abcant at 24 momhs 119 {0.741 88) . 105 igs&is} - 104 D651 ﬁ A93(057.153) 106 (0.67.1. .
Ab=nm st 48 monhs 150 v 222% - 107 (074-1, - 107 0741 54 1.19-2.28) 116 (0.02-1, -
Adlwvays absect 146 1. 05-2.02) - 007 (080-1.26) - Q87 P6O-1.25 1000 71.66) 127 (0.82-1.74) -
Traecwdes of matemal p=00o1 p=0209 p=0221 p=081% p = 0042 p=0DS95 p « D.001 p=0013
4V symploms
{3 monta 1o 11 yoars)
Low 1 (ral} . 1 iref) 1 frcl) . 14 1 {ret)
Modiesio-ow 126 (0.96-1.70) - 1.10 (091-1.56) - 1.19 0911 55) - 1.85 (‘! 20-2.14) 161 (1.23-212)
Duvcressing 176 .21256) - 1.38 0.50-1.69) - 1.36 0 251 .99) - 393 (135277 vsR 02225
INCooan ing 218 {2,483 20 - 1.38 (092-2.06) - 13538 022 08) - 184 (1252 144 (00522
Chronc-Righ 145 {0.83.2.50) 162 (098 2.69) 162 P es26d) 2.22 (1.39.3.55  1.69 (1.00.2.83)
mn::rmm |ICTSPC scorm) p =088 p= 0964 p - 0023 p= 0061 p =018 p= 0517 p=0574 p=Q7s3
{lania)
S0 1 {ref) : 1(ref) 14ml) Ll s 4
ond 106 {0,811 - Q80 (061-1,05 082 (0.62908) 080 §61-1.065) - 8774 -
15t {lower) 107 (0.80-1. - 118 (OBS 116 (0.88-154) 118 891 &5 -

Dina geessanmiect 53 0ads tano (85901),
CTSPC = Pavart-Unid Corfict Tacsos Scale.
Fotwmlonicmtul,smn%:‘nigpl
OW)MOQWHWMM | oo For cogriive lexbity, househald nooms @ =
{p=0264), me(& 0.689),

dnpnum synploml p=
!ﬂohngdxmu pesgrency (p

08t

.mdaumuum«

A malreament i = 0.517) wers exchaded from e linal mogel Fore

0.T17) vware

0.247), medernyl age ot

d froen 1 lindd moded. For
{p = 0.471), pretermn birth {p = 0.249), rumbes dwnwp- 0.294), trayeciones of matemal

WOrking Mmemory, sademal
p = Q587 abaercs of 1ot (D = 0.5E5) 4 mansairant (P = 0.753) weea axciaged om the

selective altlenton, coma {p = o:m) m
depression symplorms (p = 0.895), blmwag
mum:r-osaa}.mw =0.251), mamher ing aih pantner {p = 0 684}, prataem Dirth

p-nm;.m-unnwm@-ozsmmmrmlp-o o*twmdmmmmmm-om , and matreatment (p =
0 = 0.218), pelreponed maendl sdn cokr (D= 0430), parity {o =
motter muhpm(p 0.608), munhmgrn(p 0516), number of sbings

=0.358), Imeckens of masanad

Kuing sih parer g
curabon (p « 0618},

0.699),
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as emphasized by a recent review.'® In addition to the
scarcty of studies in this feld, breastfesding duration i a
complex behavior thal is influenced by several factors,
including the duration and exdusivity of breastfecdng
pattem, maternal health, and other infent 1eeding prac-
tices, such as sge at intreduction of complementary
feeding. These faclors may vary across studies, leading
10 inconsistent results. Lastly. the long-term effects of
breastfeedng on EF and cognitive development are not
lully understood, and futher research is needed to
investigate the underlying physiological and behavioral
meachanisme that may explain the cbearved associgtions.

Our study highlights the association between several
pednatal, maternal, and envronmeantal charactarstics and
impaired executive lunctioring in lale childhood and
adolescence. Ths mutifaceted nafure  suggests that
impaired EF results from the convergence of multiple
amfronmental Influences, rather than eingle exposures.
One plausible mechaniem for these Impaiments s toxic
stress, a manifestaton of chronic, uncontrollabe exposwre
1o stessors. When experienced without the suppen of
caring aduls, these stressors lend 1o trigoer foxic siress
responses In childran®™ Children exposad to prolonged
advarsa poverty and a buddup of unfavorable condions
(such as matemal depression, overcrowdng, substandard
nousing. and family turbulence) often display elevatled
stress hommone levels.*™ Children with texic stress exhibit
higher cortsol levels, which could potentially mediate the
link between thasa environmantal factors and EF impar-
ment. Toxc stress impacts brain architecture, particularly
in regione nch in glucocorticowd receptors such as the
amygdala, hppocampus, and prefrontal cortax. This leads
to dscemible differences in leaming. memory, and EFs.*?
Caregivers, whether parents or prosiders, play a critical
rde in modulating stress hormene production during a
chiki's formatve years. Their empathetic and attentive
support acts as a protective barfer ageinst axposure to
stress hormonea. Thesa prachicea hold special significence
for vulnecable children by preventng activation of the
stress system. Inappropriate parenting practices codd
potentialy mediate the connection bstween risk factors
and EF impaiments

When consdering future public polces that could
improve the development of EFs in children, particularty
those exposed 10 negatve avents or Ngacure environ-
mente in LMICs, it becomes iImperative to underscore the
role of positive influences in their early life experiences.
A racent meta-analysis of 102 randomized controbed
tnals cemonstrated the impact of parenting interventons
in this context. ravealing more pronounced affects on
child cognitive development in LMICe when compared to
HICs.® Notably, this meta-analysis highlighted the effec-
tvenase of interventions that priortize parental sensitivity
and responsivenaess, and showed that their impact on
cognitive davelopment was thrae times greater in LMICs.
Interventions which included parenting practices, chid
cognitive developmant, parentsl knowledge. and parent-
child Interactions were more effactive than Interventons
lacking such content This suggests that fostenng a
supportive and nurtuning carsgiving envirenment through
targeted nterventions can play an impordant e in

Risk factors for executive funztiion Impalsent

metigating the impact ol negative evenls of insecure
sumroundgdings on children's EF development in LMICs.

The present study broadens our understandng ol the
risk factors associated with impaired EFs in adolesosnce.,
The data used were obilaned from a large, unaelkecied
Brazillan papulaton and aoquired through the use of
standardized instruments apphad by traned field workers.
However, © & impotant to consider some limitations.
Disruption of the 15-year ollowup by the COVID-19
pandemc resulted n the loss of approximately 50% of the
onginal cohort. Analysis of these losses 1o follow-up
revealed that parmicipants eveluated at age 15 had mora
favorable sociceccnomic condtions in relaton to the
criginal (perinatal) sample. Thus, our analyses may be
subyected to seiection bias. If the sample had not sulfered
osses, the association found between maternd educa-
tion and EF impaiment might have been even strenger
than that found in the present study. Finally, regarding the
generalizabiity of our findings, It is Imponant 1o note that
cur sample has particutar demographic characlerstics
which should be considerad when extending our resuits to
cther populations from dfferent LMICs.

This study examned risk and protective factors related
10 impaired EFs in adoleacenca. The findings highlighted
several synificant pradictors, with low matemal education
showing e most datnmenta effect on atiention-related
EFs at age 11 and spatial working memory at age 15.
Perinatal exposures asscdated with maternal and birth
characteristics, such as matermnal black o brown skin
cobor, low birth weight, and prematurity, were also iden-
tified as redavant risk factors. On the cther hand. breast-
feading emerged as a protective factor for cognitive
flexipdity. These resulls provide evidence regarding the
long-term impact of perinatal exposures on the develop-
ment of EFs and can mdorm fulure public polides aiming
10 mitigate the nepative effects ol nsk factors and
anhance EF development, particularly amang vulnerable
poputations.
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Supplementary material
Risk factors for executive function impairment in adolescence: 2004 Pelotas Birth

Cohort study, by Rodrigues et al.

Figure S1: Flowchart illustrating the participation of subjects in the 2004 Pelotas Birth Cohort Study
Table S1: Description of executive functions tasks

Table S2: Frequency of participant characteristics at 11- and 15-years follow-ups

Table S3: Logistic regression models for impairment in attentional control, cognitive flexibility and
selective attention at age 11 and spatial working memory at age 15 in adolescents in the first income
quintile.

Table S4: Logistic regression models for impairment in attentional control, cognitive flexibility and
selective attention at age 11 and spatial working memory at age 15 in adolescents in the second, third,

fourth- and fifth-income quintiles.
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Figure S1: Flowchart illustrating the participation of subjects in the 2004 Pelotas Birth Cohort
Study
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Table S1: Description of executive functions tasks

Task description and scoring

Instrument Executive function
assessed

Test-of-Everyday- Attentional control
Attention-for-Children
(TEA-Ch)
(TEA-Ch) Cognitive flexibility
(TEA-Ch) Selective attention
Cambridge Spatial working
Neuropsychological Testing memory
Automated Battery
(CANTAB)

The child was shown to a row of 24 elements, which were composed by the numbers
"1" and "2". At first, the child was instructed to read the numbers as quickly as
possible while the instructor kept his finger close to each number in the row until the
child read it correctly. This task was named “Same World”. In a second moment, the
child was instructed to read the row of numbers as quickly as possible, but this time
saying “one” when the number seen was “2” and saying “two” when the number seen
was “1” This task was called “Opposite World” The average time required to
complete the "Opposite World" task was defined as the measure of attentional control
outcome. Higher reaction times indicate more impaired ability (considering verbal

processing speed).

The cognitive flexibility assessment instrument was the latency time on a double
attention task of the Sky-Search subtest. Initially, the child was instructed to select
matching pairs of spacecrafts from matching and non-matching crafts contained in
the test sheet. Then the same task was repeated with the addition of another task: the
child was also asked to count the number of noises (beats) emitted by a recording
while performing the task. The difference in speed and accuracy when completing
the task with and without the addition of noises was taken as an indication of
switching. A higher score indicates more impaired dual attention.

This ability was assessed by the latency time on the “Sky-Search task”. Initially, the
child was instructed to select pairs of spacecrafts from matching and non-matching
spacecrafts. On the test sheet, 50% of the spacecraft pairs were matched. The total
time in seconds to perform the task (circle all pairs of spacecrafts) and the number of
hits (corresponding pairs of crafts) were recorded. At another time, the child was
instructed to perform the same procedure on a workout sheet that contained only
matching pairs. The total time to perform this task and the number of correct answers
were recorded. For each participant, motor-processing reaction time was subtracted
from the ability score to provide the final measure of selective attention. The higher

the score, the more impaired the child’s selective attention.

During the test, the child was presented with a series of colored squares displayed on
a tablet screen. The goal was to locate a yellow 'token' within each box by
systematically selecting and eliminating boxes. With each round, an empty column
on the right side of the screen would be filled, increasing the difficulty level. The
number of boxes gradually increased, with a maximum of 12 boxes for participants
to search through. To discourage the use of repetitive strategies, the color and
position of the boxes were changed with each attempt. The total number of errors
was used as an indicator of spatial working memory. Higher scores reflected greater

impairment in spatial working memory.
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Table S2: Frequency of participants characteristics at 11 and 15 years follow-ups

Follow-ups

Variables

11 years (N=3582)

15 years (N=1950)

Family income (quintiles)
5™ quintile (wealthiest)

4™ quintile

3t quintile

274 quintile

1% quintile (poorest)
Maternal education (years)
>9

5-8

1-4

0

Maternal age at birth (years)
20-34

<20

>35

Self-reported maternal skin color
White

Black

Brown

Yellow/Indigenous

Parity

1

2

>3

Smoking during pregnancy
No

Yes

Mother living with partner
Yes

No

Child sex

Male

Female

Preterm birth

Nao

Sim

Low birth weight

No

Yes

Breastfeeding duration (months)
0 months

<1 month

1 - 3 months

3 - 12 months

> 12 months

Number of siblings

0

1

>2

Father absence

N (%)

693 (19.4)
754 (21.1)
709 (19.9)
716 (20.1)
696 (19.5)

1542 (43.7)

1465 (41.5)

497 (14.1)
29 (0.8)

2404 (67.4)
669 (18.8)
493 (13.8)

2197 (62.3)
584 (16.6)
711 (20.2)
35(1.00)

1,407 (39.44)
958 (26.86)
1,202 (33.70)

2,616 (73.32)
952 (26.68)

3013 (84.5)
555 (15.6)

1840 (51.6)
1728 (48.4)

3068 (86.1)
495 (13.9)

3247 (91.0)
320 (9.0)

97 (2.73)
273 (7.69)
539 (15.17)

1,296 (36.49)

1,347 (37.92)

1,150 (33.61)
1,285 (37.55)
987 (28.84)

N (%)

362 (18.6)
432 (22.2)
407 (20.9)
383 (19.7)
365 (18.7)

868 (44.9)

790 (40.8)

264 (13.6)
13 (0.7)

1296 (66.5)
350 (18.0)
303 (15.6)

1220 (63.4)

316 (16.4)

375 (19.5)
14 (0.7)

744 (38.17)
546 (28.01)
659 (33.81)

1,440 (73.88)
509 (26.12)

1652 (84.8)
297 (15.3)

996 (51.1)
953 (48.9)

1689 (86.8)
257 (13.2)

175 (91.1)
173 (8.9)

63 (3.25)

133 (6.85)
287 (14.79)
710 (36.58)
748 (38.54)

603 (32.52)
726 (39.16)
525 (28.32)
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Never absent
Absent at 24 months
Absent at 48 months
Always absent

Trajectories of maternal depressive
symptoms (3 months to 11 years)
Low

Moderate low

Decreasing

Increasing

Chronic high

Maltreatment (CTSPC score)
31 tercile (highest)

2 tercile

1* tercile (lower)

Attention control impairment
No

Yes

Cognitive flexibility impairment
No

Yes

Selective attention impairment
No

Yes

Spatial working memory
impairment

No

Yes

2,099 (66.76)
225 (7.16)
370 (11.77)
450 (14.31)

1,136 (32.58)
1,475 (42.30)
387 (11.10)
319 (9.15)
170 (4.88)

1,221 (34.70)
1,350 (38.36)
948 (26.94)

3,108 (90.03)
344 (9.97)

3,072 (90.01)
341 (9.99)

3,053 (90.01)
339 (9.99)

1,344 (73.36)
488 (26.64)

1,220 (70.68)
102 (5.91)
179 (10.37)
225 (13.04)

593 (31.23)

831 (43.76)

206 (10.85)
171 (9.00)
98 (5.16)

616 (33.30)
698 (37.73)
573 (28.97)

1,666 (91.19)
161 (8.81)

1,625 (89.98)
181 (10.02)

1,641 (91.42)
154 (8.58)

1,403 (73.46)
50 (26.54)
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Table S3: Logistic regression models for impairment in attentional control, cognitive flexibility and selective attention at age 11 and spatial working memory at age 15 in adolescents
in the first income quintile.

Variables

Maternal
education (years)
>9

5-8

1-4

0

Maternal age at
birth (years)
20-34

<20

>35

Self-reported
maternal skin color
White

Black

Brown
Yellow/Indigenous
Parity

1

2

>3

Smoking during
pregnancy

No

Yes

Mother living with
partner

Yes

No

Child sex

Female

Male

Preterm birth

Attentional control Cognitive flexibility Selective attention Spatial working memory
Crude Adjusted* Crude Adjusted* Crude Adjusted* Crude Adjusted*
OR (CI95%) OR (CI95%) OR (CI95%) OR (CI95%) OR (CI95%) OR (CI95%) OR (CI95%) OR (CI95%)
p=0.003 p=0.005 p=0.014 p=0.008 p=0.008 p=0.002 p=0.004 p=0.004
1 (ref) 1 (ref) 1 (ref) 1 (ref) 1 (ref) 1 (ref) 1 (ref) 1 (ref)

1.95(0.78 — 4.86)
10.31 (2.54 - 41.75)
Empty

p=0.525
1 (ref)
1.19 (0.34-4.13)
0.51(0.15-1.76)

p=0.073

1 (ref)
1.83 (0.52 - 6.44)
1.61 (0.53 -4.91)
8.19 (1.59 - 42.23)
p=0.291
1 (ref)
0.60 (0.21 - 1.70)
1.45 (0.61 —3.48)

p=0.638

1 (ref)
0.75(0.22 -2.53)

p=0.492

1 (ref)
1.47 (0.49 — 4.36)
p=0.903
1 (ref)
0.95 (0.44 —2.06)

p=0.258

1.66 (0.65 —4.26)
10.79 (2.57 — 45.33)
Empty

p=0.476

p=0.097

1 (ref)
1.93 (0.54 - 6.98)
1.30 (0.40 —4.21)
7.95 (1.48 — 42.64)
p=0.469

2.44 (1.28 -4.62)
3.08 (0.64 — 14.66)
Empty

p=0.056
1 (ref)
2.54 (1.15-5.64)
0.92 (0.41 —2.04)

p=0.030

1 (ref)

2.86 (1.24 - 6.58)
1.79 (0.79 — 4.04)
Empty
p=0.349
1 (ref)
0.65(0.65-1.17)
0.64 (0.30 — 1.40)

p=0.408

1 (ref)
0.67 (0.26 — 1.73)

p=0.193

1 (ref)

1.70 (0.76 — 3.79)
p=0.745
1 (ref)

1.10 (0.61 — 1.98)

p=0.286

2.72 (1.38 - 5.38)
3.56 (0.71 - 17.76)
Empty

p=0.851

p=0.091

1 (ref)
2.51(1.07 -5.90)
1.47 (0.64 —3.41)

Empty

p=0.400

p=0.117

1 (ref)
0.45 (0.16 — 1.22)

p=0.805

1.65 (0.68 —4.01)
8.54 (2.14 - 34.12)
Empty

p=0.102
1 (ref)
0.29 (0.04 - 2.17)
0.26 (0.06 —1.11)

p=0.018

1 (ref)
3.92(1.48 -10.36)
1.91 (0.69 —5.29)
Empty
p=0.726
1 (ref)
1.31 (0.56 - 3.10)
1.40 (0.56 — 3.50)

p=0.681

1 (ref)
1.22 (0.46 —3.30)

p=0.910

1 (ref)
0.93 (0.28 —3.15)
p=0.121
1 (ref)
1.85(0.85-4.01)

p=0.625

2.01(0.78 —5.18)
14.56 (3.25 - 65.21)
Empty

p=0.076
1 (ref)
0.15 (0.02 — 1.26)
0.31(0.07 - 1.38)

p=0.040

1 (ref)

3.74 (1.35-10.37)
1.34 (0.42 - 4.28)
Empty
p=0.807

p=0.103

1 (ref)
1.97 (0.87 — 4.44)

p=0.463

2.77 (1.46 — 5.24)
3.89 (0.63 —23.98)
Empty

p=0.739
1 (ref)
1.43 (0.54 - 3.75)
1.15 (0.60 —2.20)

p=0.808

1 (ref)
1.20 (0.46 —3.10)
0.67 (0.25-1.79)
1.47 (0.15 - 14.37)

p=0.502

1 (ref)
0.69 (0.36 — 1.31)
0.96 (0.49 — 1.88)

p=0.197

1 (ref)
1.60 (0.78 —3.29)

p=0.974

1 (ref)
0.88 (0.35-2.22)
p=0.004
1 (ref)
0.45(0.26 - 0.78)

p=0.329

3.00 (1.53 - 5.86)
3.27(0.49 — 21.83)
Empty

p=0.803

p=0.011

1 (ref)
0.47 (0.27 - 0.84)

p=0.583
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Nao

Sim

Low birth weight

No

Yes

Breastfeeding
duration (months)

0 months

<1 month

1 - 3 months
3 - 12 months
> 12 months

Number of siblings
0

1

>2

Father absence
Never absent
Absent at 24 months
Absent at 48 months
Always absent
Trajectories of
maternal
depressive
symptoms (3
months to 11 years)
Low

Moderate low
Decreasing

1 (ref)
0.31 (0.04 —2.34)
p=0.470
1 (ref)

0.48 (0.06 — 3.58)

p=0.197
1 (ref)
2.30(0.74 - 7.16)
1.32(0.43 — 4.06)
0.66 (0.25 - 1.75)
Empty

p=0.093

1 (ref)

0.63 (0.25-1.59)
1.91 (0.75 -4.92)
p=0.932
1 (ref)

0.89 (0.11 -6.93)
1.31(0.29 - 5.85)
Empty

p=0.004

1 (ref)
3.71(1.20 - 11.54)
5.27(1.14 - 24.39)

p=0.546

p=0.014

1 (ref)
3.38 (1.06 - 10.76)
3.71(0.75 - 18.47)

1 (ref)
0.52(0.16 - 1.72)
p=0.365
1 (ref)

0.51 (0.12—2.18)

p=0.860
1 (ref)

0.38 (0.06 — 2.48)
0.63 (0.12 —3.28)
0.50 (0.11 —2.37)
0.52 (0.11 —2.51)

p=0.619

1 (ref)

1.28 (0.66 —2.48)
1.49 (0.63 —3.49)
p=0.413
1 (ref)
0.72(0.17-3.11)
0.51(0.12-2.17)
0.24 (0.03 - 1.76)

p=0.721

1 (ref)
1.38(0.72 - 2.63)
1.99 (0.70 - 5.67)

p=0.673

p=0.145
1 (ref)
0.56 (0.12-2.61)
0.17 (0.02 - 1.34)
0.20 (0.03 — 1.55)

p=0.937

1 (ref)
1.31(0.44 - 3.87)
p=0.408
1 (ref)

0.43 (0.06 — 3.20)

p=0.840
1 (ref)
0.82 (0.08 — 8.54)
0.99 (0.11 —8.84)
0.57 (0.07 — 4.75)
0.61 (0.07 - 5.20)

p=0.409

1 (ref)

1.79 (0.75 — 4.26)
1.65(0.53 -5.17)
p=0.853
1 (ref)

1.54 (0.34 - 6.90)
1.12 (0.25-4.94)
0.52(0.07 - 3.96)

p=0.891

1 (ref)
1.33(0.57-3.14)
1.40 (0.29 — 6.60)

p=0.834

1 (ref)
1.47 (0.68 — 3.16)
p=0.796
1 (ref)

1.13 (0.44 - 2.89)

p=0.791

1 (ref)
1.18 (0.18 -7.43)
0.90 (0.16 — 4.98)
0.73 (0.15 - 3.66)
1.06 (0.21 —5.30)

p=0.184

1 (ref)
1.31(0.70 - 2.42)
2.08 (0.95 —4.54)

p=0.754

1 (ref)

0.93 (0.19 —4.42)
0.44 (0.10 - 1.95)
1.04 (0.33 - 3.25)

p=0.122

1 (ref)
1.42 (0.76 - 2.65)
3.48(1.31-9.21)

p=0.619
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Increasing 12.86 (3.26 — 50.64) 11.19 (2.62 — 47.90) 1.51 (0.42 — 5.43) - 1.86 (0.38 — 8.89) - 1.43 (0.44 — 4.64) -

Chronic high Empty Empty 1.16 (0.14 -9.39) - 1.15(0.26 — 18.05) - 2.61 (1.63-10.82) -
Maltreatment

=0.294 =0.658 =0.349 =0.113 =0.559 =0.725 =0.063 =0.301
(CTSPC score) P P P P P p=07 P P
3" tercile (highest) 1 (ref) - 1 (ref) 1 (ref) 1 (ref) - 1 (ref) -
2 tercile 2.08 (0.82-5.24) - 0.65(0.32-1.31) 0.67 (0.31 —1.45) 1.13 (0.47 -2.71) - 1.19 (0.62 - 2.29) -
1* tercile (lower) 1.76 (0.58 — 5.35) - 0.64 (0.30 — 1.40) 1.61 (0.73 -3.53) 1.67 (0.64 —4.33) - 2.25(1.11-4.58) -

* For attentional control: smoking during pregnancy (p=0.222), mother living with partner (p=0.774), child sex (p=0.981), parity (p=0.469) and maternal age at birth (p=0.476),
preterm birth (p=0.419), breastfeeding duration (p=0.546), number of siblings (p=0.326), father absence (p=0.732), maltreatment (p=0.658) were excluded from the final model. For
cognitive flexibility: mother living with partner (p=0.389), child sex (0.602), maternal age at birth (p=0.851), parity (p=0.400), mother living with partner (p=0.805), preterm birth
(p=0.285), low birth weight (p=0.724), breastfeeding duration (p=0.673), number of siblings (p=0.624) and trajectories of maternal depression symptoms (p=0.937) were excluded
from the final model. For selective attention: mother living with partner (p=0.977), parity (p=0.807), smoking during pregnancy (p=0.308), preterm birth (p=0.463), low birth weight
(p=0.304), breastfeeding duration (p=0.834), number of siblings (p=0.315), father absence (p=0.783), trajectories of maternal depression symptoms (p=0.651), maltreatment (p=0.725)
were excluded from the final model. For working memory: maternal age at birth (p=0.803), mother living with partner (p=0.495), smoking during pregnancy (p=0.486), selreported
maternal skin color (p=0.687), preterm birth (p=0.583), low birth weight (p=0.911), breastfeeding (p=0.619), number of siblings (p=0.335), father absence (p=0.644), trajectories of
maternal depression symptoms (p=0.699), maltreatment (p=0.301) were excluded from the final model.
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Table S4: Logistic regression models for impairment in attentional control, cognitive flexibility and selective attention at age 11 and spatial working memory at age 15 in adolescents in the second, third,

fourth and fifth income quintiles.

Variables

Maternal
education (years)
>9

5-8

1-4

0

Maternal age at
birth (years)
20-34

<20

>35
Self-reported
maternal skin color
White

Black

Brown
Yellow/Indigenous
Parity

1

2

>3

Smoking during
pregnancy

No

Yes

Mother living with
partner

Yes

No

Child sex

Female

Male

Preterm birth

Nao

Attentional control Cognitive flexibility Selective attention Spatial working memory
Crude Adjusted* Crude Adjusted* Crude Adjusted* Crude Adjusted*
OR (CI95%) OR (CI95%) OR (CI95%) OR (CI95%) OR (CI95%) OR (CI95%) OR (CI95%) OR (CI95%)
p<0.001 p<0.001 p=0.008 p=0.001 p<0.001 p<0.001 p<0.001 p<0.001
1 (ref) 1 (ref) 1 (ref) 1 (ref) 1 (ref) 1 (ref) 1 (ref) 1 (ref)

2.23 (1.62-3.07)
4.69 (3.31 - 6.65)
6.17 (2.49 — 15.29)

p=0.111

1 (ref)
1.30(0.99 - 1.71)
0.89 (0.61 — 1.31)

p<0.001

1 (ref)
2.58 (1.93 —3.45)
2.02 (1.51-2.70)
1.03 (0.24 - 4.41)
p<0.001
1 (ref)
0.99 (0.72 - 1.35)
2.05 (1.59 — 2.66)

p=0.026

1 (ref)
1.32 (1.03 - 1.69)

p=0.127

1 (ref)
1.26 (0.94 - 1.69)
p=0.142
1 (ref)
1.19 (0.94 - 1.51)

p<0.001

1 (ref)

1.66 (1.18 —2.33)
3.26 (2.23 - 4.77)
4.48 (1.66 — 12.06)

p=0.001

1 (ref)
1.73 (1.21 -2.47)
0.67 (0.45-1.01)

p<0.001

1 (ref)
2.23(1.65-3.02)
1.74 (1.29 - 2.34)
1.08 (0.25 —4.69)

p<0.001

1 (ref)

1.24 (0.85-1.81)
2.08 (1.43-3.02)

p=0.889

p=0.193

1 (ref)
1.24 (0.90 - 1.70)
p=0.070
1 (ref)
1.26 (0.98 - 1.61)

p=0.065

1 (ref)

1.90 (1.27 -2.84)
2.10 (1.28 — 3.45)
1.68 (0.20 — 13.79)

p=0.199
1 (ref)
1.44 (0.97 - 2.14)
1.08 (0.66 — 1.76)

p=0.982

1 (ref)
1.05 (0.67 — 1.64)
1.09 (0.72 — 1.66)
0.97 (0.12 - 7.76)
p=0.327
1 (ref)
0.87 (0.56 — 1.35)
1.20 (0.82 - 1.77)

p=0.337

1 (ref)
1.19(0.83 - 1.71)

p=0.801

1 (ref)

1.06 (0.68 — 1.66)
p=0.756
1 (ref)

1.04 (0.82 - 1.32)

p=0.256

1 (ref)

1.61 (1.21 —2.16)
1.89 (1.33 —2.70)
2.42 (0.81 —7.28)

p=0.350

1.77 (1.15 - 2.73)
2.50 (1.50 — 4.18)
12.58 (3.23 — 49.07)

p=0.883

1 (ref)
0.95 (0.61 - 1.50)
0.88 (0.52 — 1.49)

p<0.001

1 (ref)
2.46 (1.60 - 3.77)
1.50(0.95-2.37)
1.47 (0.18 — 11.83)

p=0.039

1 (ref)
1.07 (0.67 - 1.73)
1.64 (1.08 —2.48)

p=0.337

1 (ref)
1.19(0.83 - 1.71)

p=0.801

1 (ref)
1.06 (0.68 — 1.66)
p=0.016
1 (ref)
1.34 (1.06 — 1.70)

p=0.119

1 (ref)

1.63 (1.18 —2.25)
2.64 (1.81 —3.85)
7.09 (2.84 — 17.67)

p=0.058
1 (ref)
1.06 (0.74 — 1.52)
0.60 (0.40 —0.92)

p<0.001

1 (ref)
2.33(1.73-3.12)
1.41 (1.04-1.92)
1.05 (0.24 — 4.56)

p=0.114

1 (ref)

1.02 (0.72 — 1.46)
1.38 (0.97 - 1.96)

p=0.553

p=0.013

1 (ref)
1.37 (1.07 - 1.75)

p=0.325

1.65 (1.28 —2.14)
2.37(1.72-3.28)
6.61 (1.90 —22.95)

p=0.180
1 (ref)
1.18 (0.90 — 1.55)
0.82 (0.59 - 1.15)

p<0.001

1 (ref)
1.87 (1.41 - 2.48)
1.35(1.02 - 1.78)
1.30(0.33 -5.07)

p=0.032

1 (ref)
0.96 (0.72 — 1.28)
1.32(1.03 - 1.72)

p=0.001

1 (ref)
1.47 (1.16 - 1.87)

p=0.205

1 (ref)

1.21 (0.90 - 1.62)
p<0.001
1 (ref)

0.56 (0.44 - 0.70)

p=0.562

1 (ref)

1.46 (1.16 — 1.91)
2.29 (1.63-3.21)
5.02 (1.43 - 17.65)

p=0.194
1 (ref)
1.09 (0.81 — 1.45)
0.76 (0.53 - 1.07)

p=0.009

1 (ref)
1.65(1.23-2.22)
1.23 (0.92 - 1.65)
1.16 (0.29 — 4.60)

p=0.259

p=0.059

1 (ref)
1.27 (0.99 - 1.64)

p=0.912

p<0.001

1 (ref)
0.55 (0.44 - 0.69)

p=0.333
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Sim

Low birth weight

No

Yes
Breastfeeding
duration (months)

0 months

<1 month

1 - 3 months
3 - 12 months
> 12 months

Number of siblings
0

1

>2

Father absence
Never absent
Absent at 24 months
Absent at 48 months
Always absent
Trajectories of
maternal
depressive
symptoms (3
months to 11 years)
Low

Moderate low
Decreasing
Increasing

Chronic high
Maltreatment
(CTSPC score)

1.76 (1.32 - 2.36)

p=0.003

1 (ref)

1.70 (1.20 — 2.42)

p=0.024
1 (ref)
0.71 (0.32 - 1.54)

1.11 (0.55 —2.22)
0.65 (0.33 — 1.28)
0.72 (0.37 — 1.40)

p<0.001

1 (ref)

1.11 (0.79 — 1.55)
2.41(1.78 -3.26)
p=0.092
1 (ref)

1.12 (0.69 — 1.81)
1.46 (1.02 —2.08)
1.38 (0.99 — 1.93)

p=0.092

1 (ref)
1.08 (0.80 — 1.45)
1.41 (0.96 —2.09)
1.64 (1.10 —2.45)
1.20 (0.69 —2.10)

p=0.949

1.40 (0.98 — 1.99)

p=0.135

1 (ref)

1.38 (0.90 — 2.12)

p=0.146
1 (ref)
0.86 (0.37-1.97)

1.31 (0.63 —2.73)
0.83 (0.41 — 1.69)
0.91 (0.45 — 1.85)

p=0.022

1 (ref)
1.12 (0.77 - 1.63)
1.65 (1.11 - 2.46)
p=0.356

p=0.954

1.30 (0.82 — 2.06)

p=0.496

1 (ref)

1.21 (0.70 — 2.10)

p<0.001
1 (ref)
0.27 (0.10 - 0.69)

0.50 (0.24 — 1.07)
0.28 (0.14 — 0.58)
0.27 (0.13 — 0.56)

p=0.100

1 (ref)

1.14 (0.74 - 1.75)
1.55(1.01 —2.38)
p=0.324
1 (ref)

0.50 (0.20 - 1.26)
1.04 (0.60 — 1.79)
0.71 (0.40 — 1.25)

p=0.303

1 (ref)
0.93 (0.62 —1.41)
1.11 (0.62 - 1.97)
1.45 (0.81 —2.60)
1.69 (0.84 —3.38)

p=0.879

1.37 (1.00 — 1.89)

p=0.633

p=0.002
1 (ref)
0.34 (0.16 - 0.71)

0.57 (0.31 — 1.06)
0.39 (0.22 - 0.71)
0.37 (0.20 — 0.66)

p=0.370

p=0.152

1.45(0.91 —2.32)

p<0.001

1 (ref)

2.67 (1.65—4.31)

p=0.308
1 (ref)

0.35 (0.12 — 1.03)
0.55 (0.23 — 1.33)
0.50 (0.22 — 1.13)
0.45 (0.20 — 1.01)

p=0.141

1 (ref)

1.41 (0.89 —2.23)
1.59 (1.00 —2.54)
p=0.042
1 (ref)

1.04 (0.46 - 2.34)
1.96 (1.17 - 3.28)
1.57 (0.95 -2.62)

p=0.186

1 (ref)
1.25(0.79 - 2.00)
1.94 (1.08 - 3.49)
1.72 (0.90 - 3.28)
1.13 (0.45-2.82)

p=0.907

p<0.001

1 (ref)

2.17 (1.52 - 3.09)

p=0.654

p=0.072
1 (ref)
0.93 (0.55-1.57)
1.61 (1.12-2.31)
1.10 (0.76 - 1.60)

p=0.983

p=0.680

1.10 (0.80 — 1.51)

p=0.030

1 (ref)

1.50 (1.04 - 2.17)

p=0.030
1 (ref)
1.16 (0.55-2.44)

1.39 (0.70 —2.73)
0.93 (0.49 — 1.79)
0.83 (0.43 — 1.58)

p<0.001

1 (ref)

1.12 (0.84 - 1.49)
1.67 (1.25-2.21)
p=0.588
1 (ref)

1.02 (0.63 — 1.66)
1.20 (0.83 - 1.74)
1.21 (0.87 - 1.69)

p=0.005

1 (ref)
1.59(1.19-2.11)
1.66 (1.12 - 2.45)
1.75 (1.16 - 2.65)
2.00 (1.21 —3.31)

p=0.924

p=0.112

1 (ref)

1.37 (0.93 —2.01)

p=0.051
1 (ref)
1.39 (0.64 —3.04)

1.44 (0.71 —2.95)
1.03 (0.52 — 2.05)
0.89 (0.45 — 1.76)

p=0.257

p=0.695
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3" tercile (highest) 1 (ref) - 1 (ref) 1 (ref) 1 (ref) - 1 (ref) -
2 tercile 0.97 (0.73 - 1.28) - 1.11 (0.74 - 1.67) 0.74 (0.53 - 1.03) 1.10 (0.71 - 1.70) - 0.95(0.72 - 1.25) -
1* tercile (lower) 0.95(0.71 - 1.29) - 1.05 (0.69 — 1.62) 0.97 (0.69 — 1.36) 1.08 (0.69 — 1.70) - 1.00 (0.75 - 1.32) -

* For attentional control: smoking during pregnancy (p=0.889), father absence (p=0.356), trajectories of maternal depression (p=0.423) and maltreatment (p=0.954) were excluded
from the final model. For cognitive flexibility: mother living with partner (p=0.616), smoking during pregnancy (p=0.564), self-reported maternal skin color (p=0.629), parity
(p=0.219), child sex (p=0.703), maternal age at birth (p=0.350), low birth weight (p=0.633), number of siblings (p=0.370), father absence (p=0.902), trajectories of maternal depression
symptoms (p=0.928) were excluded from the final model. For selective attention: mother living with partner (p=0.832), smoking during pregnancy (p=0.553), preterm birth (p=0.325),
breastfeeding duration (p=0.654), number of siblings (p=0.233), trajectories of maternal depression symptoms (p=0.983), maltreatment (p=0.680) were excluded from the final model.
For working memory: parity (p=0.259), mother living with partner (p=0.912), preterm birth (p=0.333), number of siblings (p=0.257), father absence (p=0.873), trajectories of maternal
depression symptoms (p=0.203), maltreatment (p=0.695) were excluded from the final model
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Abstract

Background: Continuous exposure to maternal depressive symptoms during childhood has been consistently
associated with lower executive functions in offspring. However, the pathways linking this association remain
poorly examined, with limited research on long-term effects in adolescence and scarce evidence from low- and
middle-income countries.

Objective: This study aim to investigate the effects of maternal depressive symptom trajectories on adolescents'
executive functions, exploring the potential mediating role of negative parenting.

Methods: We utilized data from the 2004 Pelotas Birth Cohort, including 1,949 adolescents followed from
birth to 15 years of age. Maternal depressive symptoms were assessed using the Edinburgh Postnatal Depression
Scale from 3 months to 11 years. Harsh parenting was measured using the Parent-Child Conflict Tactics Scale
at 11 years. Executive functions (sustained attention, working and episodic memory) were evaluated at 15 years
using the Cambridge Automated Neuropsychological Test Battery. Path analyses were conducted in MPlus
software using structural equation modeling.

Results: Of the mothers assessed, 75% belonged to the “moderate-low” or “low” depressive symptom
trajectories, while 10.8% to the “decreasing,” 9.0% to the “increasing,” and 5.2% to the ‘“chronic-high”
trajectories. Mothers with elevated depressive symptoms during childhood exhibited more harsh parenting
behaviors (B(SE)=2.428(0.323), 95% CI [1.881;2.952]), which, in turn, were associated with poorer executive
functions (sustained attention: B(SE)=-0.003(0.001), 95% CI [-0.004;-0.002]; episodic memory (B = 0.241;
95%CI [0.030; 0.452]). No direct association was observed between maternal depressive symptoms and
executive functions. When considering harsh parenting as a mediator, it was found that adolescents whose
mothers had elevated depressive symptoms throughout childhood exhibited poorer sustained attention (indirect
effect: B(SE)=-0.007(0.002), 95% CI [-0.010;-0.004]) and poorer episodic memory (indirect effect:
B(SE)=0.717(0.304), 95% CI [0.262;1.266]).

Conclusions: Severe and persistent maternal depressive symptoms are associated with a higher frequency of

harsh parenting behaviors, which in turn affect adolescents' executive functions.

Keywords: Executive functions; Maternal depression; Harsh parenting; Adolescent; Path analysis; Cohort

study.
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Introduction

Postpartum depression is a psychological condition that can persist for several years after childbirth. It has
emerged as a global public health issue that affects the health and well-being of mothers and their children.
Globally, rates of maternal depression vary by country income level, with prevalence estimated at 17.2% (95%
CI: 16.0-18.5) of women worldwide, and at 20.51% (95% CI: 18.53%—-22.65%) in Brazil (Wang et al., 2021).
Maternal depression among Brazilian women commonly occurs in the context of social and family risk factors
involving lower socioeconomic position, non-white skin color, prior history of mental disorders, unplanned
pregnancy, multiparity, and poor health care during birth (Faisal-Cury et al., 2021; Theme Filha et al., 2016).

Longitudinal studies have focused on how continued exposure to patterns of maternal depression
affects offspring cognitive development, examining effects related to the severity, chronicity and timing of
mothers’ depressive symptoms (Ahmed et al., 2019; Campbell et al., 2007; Cents et al., 2013; Ku et al., 2024).
Children whose mothers had severe and chronic depressive symptoms were found to have more emotional and
behavior problems when compared to those whose mothers had persistently low symptomatology (Campbell et
al., 2007; Flouri et al., 2017; Matijasevich et al., 2015). This relationship was maintained after controlling for
sociodemographic variables and sex of the child (Cents et al., 2013; Maruyama et al., 2023).

Continuous exposure to maternal depressive symptoms also has been consistently associated with
lower executive functions in children (Oh et al., 2020; Park et al., 2018; Rinne et al., 2022). Executive functions
refers to a set of higher-order cognitive abilities necessary to self-regulation and control of goal-directed
behavior (Zelazo, 2020). It is widely accepted that there are three core executive functions: inhibitory control,
working memory and cognitive flexibility (Diamond, 2013). These functions play an important role in storing
and recovering autobiographical memories and attention (A. V. Fisher, 2019; Ricker et al., 2018). They are
responsible for regulate focus, filtering distractions, and facilitating the encoding of memories. Research
suggests that executive functions begin to emerge early in infancy, with basic skills needed for executive
functions emerging before three years of age, and more specific skills developing into early childhood (Best &
Miller, 2010). Throughout childhood and adolescence, executive functions continue to improve (Zelazo, 2020).
Persistent maternal depression during early childhood, regardless of severity, is linked to impaired executive
functions in children such as planning, organization, attention, and self-regulation at ages 7, 8, and 9 years (Oh
et al., 2020). Additionally, studies found that an increasing trend in mothers’ depressive symptoms during early
childhood is especially problematic for children’s inhibitory control in middle childhood (Park et al., 2018;
Rinne et al., 2022).

While previous studies support the detrimental effect of maternal depression on offspring executive
functions, the pathways linking this association remain poorly examined (Power et al., 2021). The family stress
model emphasizes the negative effect of parental stress on parent—child relationships and child development in
economically disadvantaged households (Conger et al., 2010). In this model, parents in lower socioeconomic
households experience more financial and social stressors, which lead to increased psychological stress and
depression. Consequently, depressed mothers are more likely to adopt negative parenting strategies when

managing conflicts with their children (Newland et al., 2013). In a review of previous research by Fay-
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Stammbach et al. (2014), four dimensions of parenting were identified that may impact on the development of
executive functions: parental scaffolding; parental stimulation; parental sensitivity; and parental behavioral
control/discipline (including harsh parenting). Harsh parenting is characterized by high levels of control,
involving demands on the child, and low levels of warmth, leading the child to feel less accepted (Chang et al.,
2003). This includes behaviors such as anger, coercion, aggression, and unplanned harsh emotional reactions
toward the child. Maternal negative control and power assertive strategies were related to lower offspring’s
metacognition and inhibitory self-control (Lucassen et al., 2015). Negative maternal-child interaction and
intrusiveness, including negative control, negative affection, corporal punishment, and conflict, also had
detrimental effects on children's executive function (Blair et al., 2011; Hughes & Devine, 2019).

Studies that have examined the continued effects of mothers’ depressive symptoms and harsh
parenting strategies on offspring executive functioning have mainly focused on outcomes in childhood (Fay-
Stammbach et al., 2014; Power et al., 2021). Executive functions related to attentional and memory skills
continue to mature throughout adolescence, as more complex skills develop that enable performance
monitoring, feedback learning, and relational reasoning (Berthelsen et al., 2017; Crone & Dahl, 2012). The lack
of research on the long-term effects of maternal depressive symptoms and harsh parenting on this important
period of offspring development limits the understanding of their effect on executive functioning in
adolescence.

Another aspect that requires deeper investigation is the association between maternal depressive
symptoms and the executive functions of children from low- and middle-income countries (LMIC).
Longitudinal studies have predominantly investigated this association in high-income countries (HICs) (Power
et al., 2021). However, maternal depression and cognitive development challenges are more prevalent in low-
and middle-income countries (LMICs) (Gelaye et al., 2016). This gap demands specific attention, especially
given the significant differences in quality of life and socioeconomic circumstances experienced in LMICs
(Silveira et al., 2019).

To address these gaps in the literature, this study sought to examine the effects of trajectories of
maternal depressive symptoms on adolescent outcomes, using a Brazilian population-based birth cohort study.
We focused on adolescents’ sustained attention (the ability to maintain attentional focus on relevant stimuli
with repeated presentations over extended periods), episodic memory (the ability to learn, store, and retrieve
information about unique personal experiences that occur in daily life), and working memory (holding and
updating information for current processing). The main objectives of the present study were: (i) to examine the
effects of maternal depressive symptoms trajectories from 3 months to 11 years on the adolescent’s executive
functions at age 15 years in a LMIC context; (ii) to explore the mediating role of harsh parenting at age 11

years.
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Methodology

Participants

The 2004 Pelotas Birth Cohort is a large population-based study of all live newborns from 1 January to 31
December 2004 to women living in the urban area of the city of Pelotas, Brazil. All hospitals with maternity
wards were visited daily by research team members, and all live births (N=4263) were eligible for enrolment
in the cohort. A total of 4231 newborns, 99.2% of all births in the city that year, were included in the study.
Following an initial assessment at birth by an interdisciplinary research team, participants were evaluated at
home at ages 3, 12, 24, and 48 months, with respective follow-up rates of 95.7%, 94.3%, 93.5%, and 92.0%.
Participants underwent evaluations at ages 6, 11 and 15, with interviews conducted at the research clinic of the
Epidemiologic Research Centre at Federal University of Pelotas. The 11-year follow-up occurred in 2015 and
included 3566 participants (86.6% of the cohort). The 15-year follow-up, initiated in November 2019 had to be
interrupted due to the COVID-19 pandemic. 1949 participants (48.5% of the cohort) were assessed at the
research clinic before the onset of the pandemic. Both at the 11- and 15-year follow-ups, participants engaged
in face-to-face interviews without maternal assistance. Further details on the 2004 Pelotas Birth Cohort
methodology can be found elsewhere (I. S. Santos et al., 2011, 2014).

Measures

Main exposure: trajectories of maternal depressive symptoms

Maternal depressive symptoms were evaluated using the Edinburgh Postnatal Depression Scale (EPDS) (Cox
et al., 1987) at the offspring's ages of 3, 12, 24, and 48 months, as well as at 6 and 11 years. The EPDS was
originally designed for identifying postpartum depression disorders in clinical and research settings. The EPDS
is a self-report, 10-item scale (score range: 0-30, with higher scores indicating more severe depressive
symptoms) that measures the intensity of depressive symptoms over the preceding seven days. We used a
Brazilian version of the questionnaire, validated in a previous study (Santos et al., 2007).

Trajectories of maternal depression were constructed using a semiparametric, group-based modeling
approach proposed by Nagin and Tremblay (1999). Details of the steps and methods used to identify the
trajectories of maternal depressive symptoms were reported in previous studies (Azeredo et al., 2017;
Matijasevich et al., 2015). Briefly, 90% of the cohort with data from at least three follow-ups was included in
the analyses. Individuals with missing information were not excluded from the model due to the ability of
group-based trajectory modeling to handle missing data using maximum likelihood estimation (Nagin, 2005).
The number and shape of trajectories were based on the best fit of the model (maximum Bayesian information
criteria, BIC) and on the interpretability of the trajectories obtained (Nagin, 2005). Posterior probability scores
(i.e., the individual’s probability of belonging to each of the trajectory groups) were used to select the
appropriate model. According to Nagin (2005), an average probability score should be higher than 0.70 for all
groups. In order to model trajectories of maternal EPDS scores, analyses were conducted specifying three-,
four-, five-, and six-group models. BIC improved as more groups were added. Among the models considered,
a five-group model emerged as the most suitable and parsimonious, characterized by average posterior

probabilities ranging from 0.78 to 0.87 across Groups 1 to 5. Inspection of parameter estimates for the five-
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group model revealed that three trajectories were best represented by a cubic term, one trajectory was linear,
and another quadratic. Group 1, named “low,” and Group 2, named “moderate low,” represented mothers who
had EPDS scores lower than 10 across all time points, suggesting low depressive symptomatology. Group 3,
named “increasing,” represented women who showed a consistent increase in depressive symptoms during the
study period. The fourth group, named “decreasing,” included mothers who had high EPDS scores in the first
two years postpartum and a marked decrease afterward. Finally, the fifth group, named “high-chronic,” included
women who consistently exhibited high EPDS scores throughout the study period.

In our current study, we adopt these predefined trajectories of maternal depressive symptoms as the
primary exposure. These trajectories are summarized in a categorical dummy variable comprising five different
categories, each representing a unique trajectory.

Outcomes: executive functions at age 15 years

Executive functions were evaluated through three subtests from the Cambridge Neuropsychological Test
Automated Battery (CANTAB) (Sahakian & Owen, 1992). The assessment took place during the 15-year
follow-up by a trained team of psychologists at the research clinic. Participants engaged with the tests displayed
on a tablet screen, and the sessions were supervised to ensure active participation in the tasks.

Sustained attention was assessed through the Rapid Visual Processing (RVP) subtest. A white box was
shown in the center of the screen, inside which digits from 2 to 9 appeared in a pseudo-random order at a rate
of 100 digits per minute. Participants were asked to detect target sequences of digits (for example, 2-4-6, 3-5-
7, 4-6-8). When the participant saw a target sequence, they had to respond by selecting the button in the center
of the screen as quickly as possible. The level of difficulty varied, with either one or three target sequences that
the participant had to watch for simultaneously. The outcome was a continuous variable, ranging from 0.00 to
1.00, reflecting the subject's sensitivity in detecting target sequences (highest values indicating greater
sensitivity).

Episodic memory was assessed through the Paired Associate Learning (PAL) subtest. Boxes were
displayed on the screen and opened in a randomized order, with one or more containing a pattern. The patterns
were then displayed in the middle of the screen, one at a time, and the participant had to select the box in which
the pattern was originally located. If the participant made an error, the boxes were opened in sequence again to
remind the participant of the locations of the patterns. Increased difficulty levels were used to test high-
functioning, healthy individuals. The outcome was a continuous variable representing the frequency of incorrect
box selections for patterns by the participants (higher values indicating poorer performance).

Working memory was assessed using the Spatial Working Memory (SWM) subtest. The test began
with a number of colored squares (boxes) shown on the screen. The aim of the test was for the participant to
find one yellow 'token' in each of the boxes by selecting them and using a process of elimination, then use the
tokens to fill up an empty column on the right-hand side of the screen. Depending on the difficulty level used,
the number of boxes gradually increased until a maximum of 12 boxes were shown for the participants to search.

The color and position of the boxes were changed from trial to trial to discourage the use of stereotyped search
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strategies. The outcome was a continuous variable indicating the frequency of revisits to boxes where a token
had previously been found incorrectly (higher values indicating poorer performance).

For each outcome, mean, standard deviation, percentiles, and the range of measured values were
computed. Variables from CANTAB were generated automatically by the system, The total time taken to
complete the three subtests was calculated in minutes by subtracting the initial time from the final time at the

end of the battery subtest.

Mediating variable: harsh parenting at age 11 years

Caregivers, predominantly mothers at age 11 (92.5%), were asked about harsh parenting strategies using the
parent-to-child version of the Conflict Tactics Scale (CTSPC) (Straus et al., 1998). Cross-cultural adaptation
and validation of the CTSPC for use in Brazil were conducted by Paiva and Figueiredo (2006) and Reichenheim
and Moraes (2003). The CTSPC comprises 22 items categorized into five subscales measuring parental
behaviors towards the child over the previous 12 months: non-violent discipline (4 items); psychological
aggression (5 items); and physical assault, including corporal punishment (5 items), physical maltreatment (4
items), and severe physical maltreatment (4 items; not administered in this study). Consistent with two previous
studies, harsh parenting was defined as the sum scores of the psychological aggression, corporal punishment,
and physical maltreatment subscales (Pinquart, 2017a, 2017b). Each item was rated on a 5-point Likert scale.
The CTSPC score was calculated by summing all the responses (score range: 0-28) with higher scores

indicating more frequent episodes of harsh parenting. The outcome was used in its continuous form.

Potential confounding variables

Variables associated with trajectories of maternal depressive symptoms, harsh parenting, and child outcomes,
which were not considered part of the causal pathway, were included in the regression models as confounders.
Potential confounding factors comprised variables collected at the adolescent's birth, such as monthly family
income (a continuous variable representing the total income in Reais in the month before delivery), maternal
education (a continuous variable measured in years of formal education), self-reported maternal skin color
(categorized as white, black, brown, yellow/indigenous), maternal age, and parity (defined as the number of
previously born children and categorized as 1, 2, and >3). Smoking during pregnancy was retrospectively
assessed at birth through maternal reporting. Regular smokers were identified as women who smoked at least
one cigarette per day during any trimester of pregnancy. Information on the adolescent's sex (male or female)
was obtained from birth medical records. Gestational age was estimated using the first day of the last normal
menstrual period or by obstetric ultrasound before 20 weeks gestation if menstrual data were unreliable or
unavailable. In the absence of both menstrual and ultrasound data, gestational age was assessed using the
Dubowitz method (Dubowitz et al., 1970). Preterm birth was defined as gestation <37 weeks. Intrauterine
growth was defined according to INTERGROWTH-21st parameters with low birth weight defined as <2500
grams (Villar et al., 2014).

Statistical analysis
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Comparisons between socioeconomic, maternal and birth characteristics among the participants in the 15-year
follow-up (N=1950) and the total number of participants at baseline (N=4231) were conducted using the chi-
square test. Descriptive analysis was performed by calculating the absolute and relative frequencies of the
variables included in the analysis. The mean and standard deviation of the outcomes according to maternal and
adolescents’ characteristics were analyzed using analysis of variance (ANOVA).

A series of separate backward stepwise linear regression models were conducted between exposure
and mediator, mediator and outcomes, and exposure and outcomes. Then, each set of potential confounders was
included for each pathway in the mediation analysis. Variables were retained in the linear regression model if
their significance level was below 0.20 (Maldonado & Greenland, 1993).

Recent methodological advancements have underscored the potential for mediation effects even when
the overall effect is not statistically significant (O’Rourke & MacKinnon, 2015; Rucker et al., 2011). It has been
recommended that considering mediation in the context of a non-significant overall effect of the independent
variable on an outcome can yield crucial insights that underscore the relevance of the analysis (Fairchild &
McDaniel, 2017). This implies that significant mediation effects may be present regardless of the statistical
significance of the total effect. Consequently, the mediation analysis was undertaken regardless of the presence
of a total effect between trajectories of maternal depressive symptoms and executive functions.

Models of mediation analysis were constructed through path analysis for the three adolescent’s
executive functions: sustained attention, episodic and working memory (Figure 1) (MacKinnon et al., 2007).
Given that the trajectories of maternal depressive symptoms encompass multiple categories, we employed a
coding system using indicators to depict the distinct groups (Hayes & Preacher, 2014). For each model, it was
quantified: the direct pathway between trajectories of maternal depressive symptoms and the correspondent
executive function (path c”), the direct effect between trajectories of maternal depressive symptoms and harsh
parenting (path a), the direct effect between harsh parenting and the correspondent executive function (path b),
the indirect effect (i.e., the mediation effect) through harsh parenting (path a*b), and the total effect (path c).
The total effect encompassed both the direct impact of each maternal depression trajectory on adolescents’
outcomes and the indirect effect via harsh parenting. Initially, associations between trajectories of maternal
depressive symptoms and adolescent executive functions were examined using multivariable linear regression
models for each outcome (total effects). Subsequently, structural equation modeling (SEM) was used to
examine the mediating role of harsh parenting in the relationship between maternal depressive symptoms
trajectories and adolescent executive functions. All models were adjusted for previously identified potential
confounders. The results are presented as both unstandardized and standardized coefficients. The
unstandardized coefficient represents differences in outcome means in the outcome's respective unit. The
standardized coefficient indicates the variations in outcome in terms of standard deviation units, facilitating the
comparisons of the exposure effects on the different outcomes. The effect sizes of the indirect pathways are
represented by the standardized coefficients in the structural equation modeling, along with their 95% bias-
corrected bootstrap confidence intervals (partially standardized effect) (Preacher & Kelley, 2011). The
standardized coefficient for the indirect effect can be interpreted as the change in the outcome in standard

deviation units when moving from the "low" trajectory (the reference group) to the comparison trajectory (e.g.,
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“moderated low”, “decreasing”, “increasing” or “high-chronic”), while holding other variables constant in the
model. All statistical analyses were two-tailed, and significance was established at the 0.05 level. The
“proportion explained” was calculated when indirect and total effects were statistically significant, representing
the proportion of the total effect that was explained by the mediator (Ditlevsen et al., 2005). Descriptive
statistics were performed using Stata version 14.2. Linear regression and path analysis were performed on

Mplus version 8.1 with maximum likelihood estimator and bootstrapped standard errors.

Ethics

The Medical Ethics Committee of the Faculty of Medicine of the Federal University of Pelotas, affiliated with
the Brazilian National Commission for Research Ethics, approved the study protocol of all follow-ups of the
2004 Pelotas Birth Cohort. At each stage of the study, all subjects' mothers or legal guardians gave written
informed consent. In the 11- and 15-year follow-ups, the adolescents also gave written informed consent. Cases
of severe maternal mental health problems, as identified by the psychologists, were evaluated and, when

necessary, were referred to the psychiatric or psychological care facilities available in the city.
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Results

Attrition analysis

Attrition analysis revealed that the participants included in this study displayed more advantageous
socioeconomic indicators compared to the original sample (see Table 1). Additionally, the maternal age at birth
was higher among the participants included in the analysis compared to the participants at birth. Regarding birth
characteristics, the analyzed sample comprised fewer adolescents who were born preterm or with low birth
weight compared to the perinatal sample. There were no differences in the self-reported maternal skin color and
the sex of the adolescents between the analyzed and original samples.

Description of the sample characteristics

The sample analyzed was predominantly composed of adolescents with mothers who self-reported white skin
color (63.4%), aged 20 to 34 years at the child’s birth (66.5%), and had nine or more years of formal education
(44.9%) (Table 1). Most of the mothers reported not smoking during pregnancy (74.9%). In terms of birth
characteristics, 13.2% of the adolescents were born preterm, and 8.9% had low birth weight. Boys constituted
51.1% of the sample (Table 1). The majority (67.0%) of adolescents had at least one sibling. Regarding
trajectories of maternal depressive symptoms, 75.0% (N=1424) of the mothers belonged to the low or moderate
low trajectories of depressive symptoms. Additionally, decreasing and increasing trajectories included 10.9%
(N=206) and 9.0% (N=171) of the mothers, respectively. High-chronic depressive symptoms trajectory
included 5.2% of the mothers (N=98).

Results of bivariate analysis showed that family income, maternal schooling and non-white maternal skin color
were associated with lower sustained attention, episodic memory, and working memory (Table S2). Smoking
during pregnancy, higher parity and a greater number of siblings were associated with lower levels of all
executive functions. Adolescents whose mothers belonged to the increasing or high-chronic depression
trajectories presented the lowest levels of sustained attention, episodic memory, and working memory compared
to those of mothers belonging to the other trajectories of depressive symptoms. Moreover, adolescents born
with low birth weight and/or prematurely exhibited lower episodic and working memory. Finally, the results
revealed sex differences, indicating that girls exhibited lower performance in sustained attention, episodic
memory, and working memory compared to boys.

Executive functions

Sustained attention, episodic memory, and working memory showed strong positive correlations with each
other (r=0.94; r=0.94; r =0.96, respectively) (Table S3). The mean (SD) number of total errors in the Episodic
memory subtest was 10.70 (11.20), with a range of 0 to 68. Sustained attention, assessed via rapid visual
processing subtest, yielded a mean (SD) sensitivity of 0.82 (0.07), with a range of 0.28 to 0.98. Furthermore,
the mean (SD) number of total errors in working memory, assessed through spatial working memory subtest,
was 14.21 (8.18), with a range from 0 to 44.

Multiple regression models

Multiple regression models provided evidence that sustained attention, episodic and working memory were

associated with trajectories of maternal depressive symptoms (Tables S05-S07). Specifically, adolescents
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whose mothers belonged to the high-chronic trajectory of depressive symptoms exhibited poorer sustained
attention, on average 0.036 less sensitivity (B = -0.036; 95% CI [-0.0518; -0.020]), worse episodic memory
with an average of 2.889 more errors (B = 2.889; 95% CI [0.457; 5.319]), and poorer working memory with an
average of 2.461 more errors (B = 2.461; 95% CI [0.688; 4.235]) compared to adolescents whose mothers
belonged to the low trajectory of depressive symptoms. After adjusting for confounding variables, the
association remained significant for sustained attention (B = -0.017; 95% CI [-0.033; -0.001]) but not for
episodic (B = 0.522; 95% CI [-1.897; 3.390]) and working memory (B = 0.504; 95% CI [-1.309; 2.318]). The
adjusted analyses showed that harsh parenting was associated with all trajectories of maternal depressive
symptoms, and the magnitude of association was higher in the high-chronic trajectory (B = 2.431; 95%CI
[1.893; 2.968]) (Table S6). Harsh parenting was associated with poor sustained attention (B = -0.003; 95%CI
[-0.004; -0.002]) and episodic memory (B = 0.241; 95%CI [0.030; 0.452]). No association was found between
harsh parenting and working memory (B= 0.103; 95%CI [-0.054; 0.261]).

Results of mediation analysis for adolescent’s sustained attention

Figure 2 and Table2 present the results of the mediation analysis of harsh parenting on the association of
maternal depressive symptoms trajectories and adolescents’ sustained attention. Adolescents with mothers in
the high-chronic depressive symptoms trajectory exhibited lower mean sustained attention sensitivity by 0.016
points compared to those with mothers in the low depressive symptoms’ trajectory group (unstandardized
coefficient of the total effects; Table 2). There was no evidence of a direct effect of maternal depressive
symptoms trajectories on sustained attention. However, evidence from total and indirect effects indicates that
this association was partially mediated by harsh parenting (indirect effect (as*b): B=-0.003; SE=0.001; 95%CI
[-0.004; -0.001]; indirect effect (as*b): B=-0.007; SE=0.002; 95%CI [-0.010; -0.004]) in adolescents of mothers
belonging to the increasing (proportion explained: 19% [18%; 45%]) and high-chronic trajectories (proportion
explained: 42% [34%; 186%]) in comparison to the low trajectory of maternal depressive symptoms. Harsh
parenting had a negative association with sustained attention (Path b: B=-0.003; SE=0.001; 95%CI [-0.004; -
0.002]) (Figure 2).

In summary, our findings indicate that while maternal depressive symptom trajectories do not directly
affect sustained attention in adolescents, we did observe a mediating effect of harsh parenting in this
relationship, particularly in adolescents whose mothers belonged to the high-chronic trajectory of depressive
symptoms.

Results of mediation analysis for adolescent’s episodic memory

Figure 3 and Table 3 present the results of the mediation analysis of harsh parenting on the association of
maternal depressive symptoms trajectories and adolescents’ episodic memory. Adolescents with mothers in the
high-chronic depressive symptoms trajectory displayed a higher number of total errors in episodic memory,
with a difference of 0.252 points compared to those with mothers in the low depressive symptoms trajectory
group (as indicated by the unstandardized coefficient of the total effects; Table 3). Our analyses did not reveal
direct or total effects of maternal depressive symptoms trajectories on adolescent episodic memory. Indirect

effects between all trajectories of maternal depressive symptoms and episodic memory were observed,
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suggesting that this association was mediated by harsh parenting. The magnitude of the indirect effect was
higher in increasing (indirect effect (a;*b): B=0.288; SE=0.127; 95%CI [0.109; 0.532]) and high-chronic
(indirect effect (as*b): B=0.717; SE=0.304; 95%CI [0.262; 1.266]) trajectories of maternal depressive
symptoms. Harsh parenting was negatively associated with adolescent episodic memory (Path b: B=0.288;
SE=0.113; 95%CI [0.099; 0.473]) (Figure 3).

As a synthesis, harsh parenting partially mediated the association between maternal depressive
symptoms trajectories and adolescents' episodic memory, with higher mediating effects observed in the high-
chronic depressive symptoms trajectory.

Results of mediation analysis for adolescent’s working memory

No evidence of an indirect effect of trajectories of maternal depressive symptoms on episodic memory was
found, indicating that this association was not mediated by harsh parenting (indirect effect (a3;*b): B=0.085;
SE=0.090; 95%CI [-0.052; 0.248]; indirect effect (as*b): B=0.199; SE=0.206; 95%CI [-0.131; 0.544]) (Table
S11). Total effects showed that adolescents whose mothers were in the increasing (B=1.277; SE=0.636; 95%CI
[0.277; 2.322]) and moderated low (B=1.064; SE=0.419; 95%CI [0.353; 1.751]) trajectories of depressive
symptoms presented worse working memory than adolescents whose mothers belonged to the low trajectory of
depressive symptoms.

Bringing together the findings, our study did not find evidence that the effects of maternal depressive
symptoms trajectories on working memory are mediated by harsh parenting. However, our results showed that
adolescents whose mothers belonged to the moderated low and increasing trajectories of depressive symptoms

exhibited poorer working memory compared to those of mothers in the low depressive symptoms trajectory.
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Discussion

Utilizing data from the 2004 Pelotas Birth Cohort, a Brazilian birth cohort, this study examined the total and
direct effects of maternal depressive symptom trajectories on offspring’s sustained attention, episodic memory,
working memory, and children's executive functions at age 15. Our study also evaluates the mediating effect
by harsh parenting. Total effects were found between increasing and high-chronic trajectories of maternal
depressive symptoms and adolescents' sustained attention. No direct effects were found between the trajectories
of maternal depressive symptoms and adolescents' sustained attention, episodic memory and working memory.
However, when examining the indirect effects, harsh parenting emerged as a mechanism by which the
trajectories of maternal depressive symptoms negatively affect sustained attention and episodic memory. When
considering harsh parenting as a mediator, adolescents with mothers in the "high-chronic" trajectory had the
poorest outcomes in sustained attention and episodic memory. This was followed by adolescents whose mothers

"o

increasing,

were in the "decreasing, moderately low," and "low" trajectories.

Our findings indicate that there is no direct effect between maternal depressive symptoms and
adolescents' sustained attention, episodic memory, or working memory across all examined trajectories.
Previous studies applying mediation analysis on different cohorts have similarly reported the absence of a direct
association between maternal depressive symptoms and children's executive functions. For instance, Baker et
al. (2018) found no direct association between maternal depressive symptoms at age 3 and children's executive
function at age 4. One potential explanation for this finding is that executive functions are not fully developed
by age 3, so the impact of maternal depressive symptoms may not yet be evident. Ku et al. (2021) conducted a
study on 1,364 mother-child dyads, evaluating maternal depressive symptoms from 6 months postpartum to the
child's age of 10 years and assessing child executive functions at age 10. They found no direct effect of maternal
depressive symptoms on child executive functions. Instead, they identified maternal sensitivity at 54 months as
amechanism through which maternal depressive symptoms negatively impact executive functions in childhood.
Our study builds upon these previous findings by demonstrating that this lack of direct effect continues into
adolescence for offspring.

Even in the absence of a total effect, we conducted a mediation analysis to examine the potential
mediated role of harsh parenting between maternal depressive symptom trajectories and adolescents’ executive
functions. This approach differs from the traditional Baron and Kenny method which established that the first
requisite for conducting a mediation analysis is the existence of an effect of the independent variable on the
dependent variable (Baron & Kenny, 1986). The Baron and Kenny method relies on a sequence of steps to
establish mediation, focusing on checking if significant paths are met rather than directly testing for the presence
of an indirect effect (Hayes, 2009). However, It’s possible for some paths to not show significance even when
mediation exists (e.g. the total path between the exposure and outcome) (Shrout & Bolger, 2002). Our study
followed the contemporary approach to mediation analysis, which states that the only requirement for mediation
is a significant indirect effect (Zhao et al., 2010). This contemporary approach is especially valuable for
understanding complex psychological and behavioral relationships where total or direct effects may not always

be evident, as shown in previous research (Baker, 2018; Ku & Feng, 2021).
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Although trajectories of maternal depressive symptoms do not directly affect adolescents' executive
functions, our analysis reveals that harsh parenting is a key mechanism through which these symptoms
negatively impact on sustained attention and episodic memory. Our findings are consistent with a study of 1,292
families in rural, low-income communities in the United States (Gueron-Sela et al., 2018), which found that
maternal depressive symptoms at both 15 and 24 months were not directly associated with executive functions
at age 3. The mediating roles of harsh-intrusiveness, dyadic joint attention, and language were also examined,
showing that only harsh-intrusive interactions partially mediated this association. This indirect effect observed
might possibly be due to maternal depressive symptoms being associated with negative behaviors and emotions
that hinder mothers' ability to meet their children's social and emotional needs (Gelaye et al., 2016a). When
these needs go unmet for prolonged periods, it can lead to toxic stress, which has lasting effects on brain
development and disrupts children's stress response systems (Saftic et al., 2021; Shonkoff et al., 2012). Harsh
parenting strategies create rapidly shifting sources of arousal and stimulation, which interfere with a child's
ability to practice effective control of attention and goal-directed behavior (Berthelon et al., 2020), both of
which, are crucial for developing executive functions (Garon et al., 2008; Perone et al., 2018; Tovo-Rodrigues
et al., 2024).

Moreover, our research findings indicate that the more severe and persistent the depressive symptoms
experienced during childhood, the more frequent harsh parenting practices were observed at 11 years old. This
in turn was linked to poorer sustained attention and episodic memory at 15 years old. This dose-response pattern
suggests that the severity and duration of maternal depressive symptoms during childhood may have an
accumulative effect on parenting behaviors, impacting cognitive development during adolescence. Previous
longitudinal studies consistently demonstrate a dose-response relationship between prolonged exposure to
maternal depressive symptoms and impaired executive functions in offspring (Oh et al., 2020; Park et al., 2018;
Rinne et al., 2022). However, these studies were conducted in high-income countries, focusing only on maternal
depression from pregnancy to age three and examining children's executive functions between ages three and
seven, without accounting for potential underlying mechanisms. Our study extends these findings by identifying
one significant mechanism while examining the long-term effects of enduring maternal depression on
adolescents' executive functions throughout their entire childhood.

The present study has some limitations. The 15-year follow-up had to be interrupted due to the
COVID-19 pandemic, resulting in a loss of nearly 50% from the original cohort. Participants assessed at 15
years had better socioeconomic conditions. Therefore, we cannot rule out attrition bias in our analyses. Given
that higher socioeconomic status is associated to improved executive functions in offspring (Hackman et al.,
2015), it's possible that our results were underestimated. Additionally, harsh parenting was based only on parent
report and could be affected by social desirability bias. This could potentially skew the results towards a more
positive perception of parenting practices.

Nevertheless, our findings have important implications on intervention strategies targeting children
and adolescents of depressed mothers. The current findings build on prior research on maternal depression and
offspring executive function by examining total, direct and indirect effects between these variables in a

Brazilian population-based birth cohort study. Moreover, the prospective design of our study ensures temporal
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order between exposure, mediator and outcome measurements, increasing the confidence on the inference of
specific causal pathways. Additionally, maternal depressive symptoms were evaluated through developmental
trajectories along the first 11 years of the child, which allowed us to describe the different patterns and
progression of symptoms over time, and identifying the adolescents’ most vulnerable groups. Finally, executive

functions were assessed through standardized tests, avoiding information bias.

Conclusion
Mothers with high depressive symptoms during childhood exhibited more harsh parenting practices, which in
turn were associated with poorer executive functions in adolescents at age 15. While we did not observe direct
effects between maternal depressive symptom trajectories and adolescents’ executive functions, our findings
show that harsh parenting at age 11 serves as a key mechanism through which severe and persistent depressive
symptoms impact sustained attention and episodic memory in adolescents. Our findings from a Brazilian birth
cohort highlight the importance of parenting in mediating the link between continuous exposure to maternal
depressive symptoms during childhood and impairments in adolescents' executive functions. These results
emphasize the need for interventions that consider parental relationships when addressing children's cognitive

development, aiming to mitigate adverse outcomes and promote child and adolescent well-being.
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Figure Captions

Figure 1. Schematic representation of a path model examining the mediating role of harsh parenting on the
association between the trajectory of maternal depressive symptoms and sustained attention, episodic and
working memory in adolescents. In the figure, path “a” represents the direct effect between trajectories of
maternal depressive symptoms and harsh parenting; path “b” represents the direct effect between harsh
parenting and the correspondent executive function; path “c’” represents the direct effect between trajectories

of maternal depressive symptoms and the correspondent executive function.

Figure 2. Statistical model exploring the mediating role of harsh parenting on the association between the
trajectory of maternal depressive symptoms and sustained attention in adolescents (**p<0.001; SE=Bias-
corrected bootstrap standard Errors; B=unstandardized coefficients). In the figure, path “a” represents the direct
effect between trajectories of maternal depressive symptoms and harsh parenting; path “b” represents the direct

@ 99
C

effect between harsh parenting and the correspondent executive function; path represents the direct effect
between trajectories of maternal depressive symptoms and the correspondent executive function. Bold lines

represent statistically significant pathways.

Figure 3. Statistical model exploring the mediating role of harsh parenting on the association between the
trajectory of maternal depressive symptoms and episodic memory in adolescents ((*p<0.05; **p<0.001;
SE=Bias-corrected bootstrap standard Errors; B=unstandardized coefficients). In the figure, path “a” represents
the direct effect between trajectories of maternal depressive symptoms and harsh parenting; path “b” represents

@ 99
C

the direct effect between harsh parenting and the correspondent executive function; path represents the
direct effect between trajectories of maternal depressive symptoms and the correspondent executive function.

Bold lines represent statistically significant pathways.
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Table Captions
Table 1. Maternal and adolescent characteristics of participants in the 15-year follow-up, compared to those
from the perinatal period.
Table 2. Indirect, direct and total effects of maternal depressive symptoms trajectories on adolescent’s
sustained attention mediated by harsh parenting.
Table 3. Indirect, direct and total effects of maternal depressive symptoms trajectories on episodic memory

mediated by harsh parenting.
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Figure 1. Schematic representation of a path model examining the mediating role of harsh parenting on the
association between the trajectory of maternal depressive symptoms and sustained attention, episodic and
working memory in adolescents. In the figure, path “a” represents the direct effect between trajectories of
maternal depressive symptoms and harsh parenting; path “b” represents the direct effect between harsh
parenting and the correspondent executive function; path “c’” represents the direct effect between trajectories
of maternal depressive symptoms and the correspondent executive function.
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Figure 2. Statistical model exploring the mediating role of harsh parenting on the association between the
trajectory of maternal depressive symptoms and sustained attention in adolescents (**p<0.001; SE=Bias-
corrected bootstrap standard Errors; B=unstandardized coefficients). In the figure, path “a” represents the direct
effect between trajectories of maternal depressive symptoms and harsh parenting; path “b” represents the direct
effect between harsh parenting and the correspondent executive function; path “c’” represents the direct effect
between trajectories of maternal depressive symptoms and the correspondent executive function. Bold lines
represent statistically significant pathways.
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Figure 3. Statistical model exploring the mediating role of harsh parenting on the association between the
trajectory of maternal depressive symptoms and episodic memory in adolescents ((*p<0.05; **p<0.001;
SE=Bias-corrected bootstrap standard Errors; B=unstandardized coefficients). In the figure, path “a” represents
the direct effect between trajectories of maternal depressive symptoms and harsh parenting; path “b” represents
the direct effect between harsh parenting and the correspondent executive function; path “c’” represents the
direct effect between trajectories of maternal depressive symptoms and the correspondent executive function.

Bold lines represent statistically significant pathways.
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Table 1. Maternal and adolescent characteristics of participants in the 15-year follow-up, compared to those from the

perinatal period.

Follow-ups

Variables

Perinatal (N=4231)

15 years (N=1949)

Family income (quintiles)
5" quintile (wealthiest)

4™ quintile

3t quintile

27 quintile

1 quintile (poorest)
Maternal education (years)
=29

5-8

1-4

0

Self-reported maternal skin color
White

Black

Brown

Yellow/Indigenous
Maternal age at birth (years)
20-34

<20

>35

Child’ sex

Male

Female

Low birth weight

No

Yes

Preterm birth

No

Yes

N(%)

830 (19.6)
858 (20.3)
816 (19.3)
854 (20.2)
871 (20.6)

1801 (43.0)

1731 (41.4)

611 (14.6)
43 (1.0)

2581 (61.7)

689 (16.5)

868 (20.8)
43 (1.0)

2865 (67.8)
799 (18.9)
563 (13.3)

2.194 (51.8)
2.035 (48.1)

3803 (90.0)
423 (10.0)

3603 (85.5)
612 (14.5)

N(%)
p=0.001
362 (18.6)
432 (22.2)
407 (20.9)
383 (19.7)
365 (18.7)
p=0.021
868 (44.9)
790 (40.8)
264 (13.6)

13 (0.7)
p=0.057
1220 (63.4)
316 (16.4)
375 (19.5)

14 (0.7)
p<0.001
1296 (66.5)
350 (18.0)
303 (15.6)
p=0.350
996 (51.1)
953 (48.9)
p=0.024
175 (91.1)

173 (8.9)
p=0.025
1689 (86.8)
257 (13.2)

Note. Chi-square test was used for comparison.
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Table 2. Indirect, direct and total effects of maternal depressive symptoms trajectories on adolescent’s sustained attention mediated by harsh parenting.

Trajectories of

maternal depression

symptoms

Relative effects?

for adolescents’ sustained

attention

B (SE)°

95% bias-corrected

bootstrap CI

B (SE)

95% bias-corrected

bootstrap CI

Proportion of total

association explained by

harsh parenting

Moderated low

Decreasing

Increasing

High-chronic

Indirect effect (a1*b)

Direct effect (c1)
Total effect

Indirect effect (a2*b)

Direct effect (c2”)
Total effect

Indirect effect (az*b)

Direct effect (c3”)
Total effect

Indirect effect (as*b)

Direct effect (c4”)
Total effect

-0.002 (0.001)**
-0.000 (0.004)
-0.002 (0.004)
-0.004 (0.001)**
-0.005 (0.006)
-0.009 (0.006)
-0.003 (0.001)**
-0.011 (0.007)*
-0.013 (0.007)*
-0.007 (0.002)**
-0.009 (0.009)
-0.016 (0.009)

(-0.003; -0.001)
(-0.006; 0.006)
(-0.008; 0.004)
(-0.006; -0.002)
(-0.015; 0.004)
(-0.018; 0.001)
(-0.004; -0.001)
(-0.023; 0.000)
(-0.025; -0.003)
(-0.010; -0.004)
(-0.023; 0.005)
(-0.030; -0.002)

-0.015 (0.004)**
-0.002 (0.025)
-0.016 (0.025)
-0.016 (0.004)*
-0.021 (0.024)
-0.036 (0.024)
-0.010 (0.003)*
-0.042 (0.026)
-0.052 (0.026)*
-0.020 (0.006)*
-0.027 (0.026)
-0.048 (0.025)*

(-0.022; -0.009)
(-0.043; 0.038)
(-0.057; 0.024)
(-0.024; -0.009)
(-0.061; 0.018)
(-0.075; 0.003)
(-0.017; -0.005)
(-0.087; 0.000)
(-0.097; -0.011)
(-0.031; -0.013)
(-0.069; 0.015)
(-0.090; -0.007)

19% (18%; 45%)

42% (34%; 186%)

B unstandardized coefficient; S standardized coefficient; CI confidence interval; SE standard error

A higher score indicates better performance in measuring adolescents' sustained attention (sensitivity)
2Relative effect to the reference group (low depressive symptoms trajectory)
b Estimates for the fully adjusted model including family income, maternal education, maternal self-reported skin color, living arrangement, and adolescent’s sex

in all pathways

#p<0.05
** p<0.001
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Table 3. Indirect, direct and total effects of maternal depressive symptoms trajectories on episodic memory mediated by harsh parenting.

Trajectories of maternal
depression symptoms

Relative effects®
for adolescents’ episodic

B (SE)°

95% bias-corrected

bootstrap CI

B (SE)

95% bias-corrected

bootstrap CI

Moderated low

Decreasing

Increasing

High-chronic

Indirect effect (a1*b)
Direct effect (c1)

Indirect effect (a2*b)
Direct effect (c2”)

Indirect effect (az*b)
Direct effect (c3”)

Indirect effect (as*b)
Direct effect (c4”)

0.233 (0.098)*
-0.922 (0.568)
-0.689 (0.557)
0.385 (0.162)*
0.201 (0.926)
0.587 (0.910)
0.288 (0.127)*
-0.282 (0.974)
0.006 (0.974)
0.717 (0.304)*
-0.464 (1.344)
0.252 (1.383)

(0.089; 0.413)
(-1.889; -0.010)
(-1.604; 0.227)
(0.143; 0.677)

(-1.290; 1.801)
(-0.804; 2.303)
(0.109; 0.532)

(-1.839; 1.400)
(-1.554; 1.668)
(0.262; 1.266)

(-2.561; 1.804)
(-1.936; 2.557)

0.010 (0.004)*
-0.041 (0.025)
-0.030 (0.025)
0.011 (0.004)*
0.006 (0.025)
0.016 (0.025)
0.007 (0.003)*
-0.007 (0.025)
0.000 (0.025)
0.014 (0.006)*
-0.009 (0.026)
0.005 (0.027)

(0.004; 0.018)
(-0.083; -0.000)
(-0.071; 0.010)
(0.004; 0.019)
(-0.035; 0.049)
(-0.023; 0.060)
(0.003; 0.013)
(-0.047; 0.035)
(-0.040; 0.042)
(0.005; 0.025)
(-0.049; 0.035)
(-0.037; 0.050)

B unstandardized coefficient; S standardized coefficient; CI confidence interval; SE standard error
A higher score indicates worst performance in measuring adolescents' episodic memory (error)

2Relative effect to the reference group (low depressive symptoms trajectory)

b Estimates for the fully adjusted model including family income, maternal education, maternal self-reported skin color, living arrangement, and adolescent’s sex

in all pathways
*p<0.05
¥ p<0.001
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Table S1. Overview of Cambridge Neuropsychological Test Automated Battery (CANTAB) outcomes.

Cognitive function

CANTAB subtest

Outcome

Episodic memory

Sustained attention

Working memory

Paired Associate Learning
(PAL)

Rapid visual processing

(RVP)

Spatial working memory
(SWM)

Total Errors refers to the total count of instances where the
subject selected the incorrect box for a stimulus during
assessment problems. This count is adjusted to estimate the
number of errors they would have made on any problems,
attempts, and recalls they did not reach. This metric facilitates
the comparison of error performance across all subjects,
irrespective of whether they terminated the task early or
completed its final stage. In the variant PALTEA task, the 12-
box level is excluded to allow for a direct comparison to the
Recommended Standard.

A prime: is the signal detection measure of a subject's
sensitivity to the target sequence (string of three numbers),
regardless of response tendency (the expected range is
0.00 to 1.00; bad to good). In essence, this metric is a
measure of how good the subject is at detecting target
sequences.

Between Errors: the number of times the subject incorrectly
revisits a box in which a token has previously been found.
Calculated across all assessed four, six and eight token trials.
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Table S2. Sustained attention, episodic memory and working memory according to maternal and child characteristics, 2004 Pelotas Birth Cohort (N = 1949)

Frequency Sustained attention (Range: 0.28-0.98) Episodic memory (Range: 0-68) Working memory (Range: 0-44)

Variables N (%) Mean (SD) p-value Mean (SD) p-value Mean (SD) p-value
Family income (quintiles)
1%t quintile (poorest) 420 (21.55) 0.81 (0.07) p<0.001 13.23 (13.04) p<0.001 16.73 (7.63) p<0.001
274 quintile 361 (18.52) 0.81 (0.08) 12.70 (12.33) 15.25(7.93)
3t quintile 391 (20.06) 0.83 (0.07) 10.50 (10.51) 14.38 (8.10)
4™ quintile 415 (21.29) 0.83 (0.07) 8.90 (9.52) 12.73 (8.11)
5™ quintile (wealthiest) 362 (18.57) 0.85 (0.07) 8.07 (9.12) 11.80 (8.21)
Maternal education (years)
1-4 277 (14.32) 0.80 (0.07) p<0.001 14.25 (12.89) p<0.001 16.86 (7.70) p<0.001
5-8 790 (40.83) 0.81 (0.07) 12.01 (11.92) 15.54 (7.85)
>9 868 (44.86) 0.84 (0.07) 8.30 (9.17) 12.21 (8.16)
Self-reported maternal skin color
White 1220 (63.38) 0.83 (0.07) p<0.001 9.58 (10.39) p<0.001 13.34 (8.30) p<0.001
Black 316 (16.42) 0.80 (0.07) 14.22 (12.24) 16.29 (7.34)
Brown 375 (19.48) 0.81 (0.08) 11.36 (12.23) 15.18 (8.16)
Yellow/Indigenous 14 (0.73) 0.81 (0.07) 10.07 (12.33) 17.00 (8.25)
Maternal age at birth (years)
<20 350 (17.96) 0.81 (0.07) p<0.001 11.34 (10.77) p=0.408 15.36 (8.09) p=0.006
20-34 1296 (66.50) 0.83 (0.07) 10.65 (11.22) 14.11 (8.20)
>35 303 (15.55) 0.83 (0.07) 10.17 (11.60) 13.36 (8.08)
Number of siblings
0 603 (32.52) 0.83 (0.07) p<0.001 9.98 (10.72) p<0.001 13.25 (8.13) p<0.001
1 726 (39.16) 0.83 (0.08) 9.40 (9.67) 13.68 (8.18)
>2 525 (28.32) 0.81 (0.07) 12.75 (12.56) 16.17 (7.83)

Parity
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1 744 (38.17)

546 (28.01)
>3 659 (33.81)
Smoking during pregnancy
No 1440 (73.88)
Yes 509 (26.12)
Low birth weight
No 1775 (91.22)
Yes 173 (8.88)
Prematurity
No 1689 (86.79)
Yes 257 (13.21)
Child sex
Male 973 (50.94)
Female 937 (49.06)
Trajectories of maternal depressive
symptoms
Low 593 (31.23)
Moderated low 831 (43.76)
Decreasing 206 (10.85)
Increasing 171 (9.00)
High Chronic 98 (5.16)

0.83 (0.07)
0.83 (0.08)
0.81 (0.07)

0.83 (0.07)
0.81 (0.08)

0.82 (0.07)
0.82 (0.07)

0.82 (0.07)
0.82 (0.07)

0.83 (0.07)
0.82 (0.07)

0.83 (0.07)
0.83 (0.07)
0.81 (0.07)
0.81 (0.08)

0.80 (0.08)

p<0.001

p<0.001

p=0.134

p=0.372

p<0.001

p<0.001

13.81 (8.23)
13.50 (8.14)
15.27 (8.06)

10.07 (10.96)
12.48 (11.70)

10.42 (10.98)
13.61 (13.00)

10.44 (11.10)
12.45 (11.74)

9.38 (10.31)
12.07 (11.91)

10.18 (10.91)
10.13 (10.81)
12.46 (12.05)

11.70 (11.62)
13.06 (12.65)

p<0.001

p<0.001

p<0.001

p<0.001

p<0.001

p=0.007

9.95 (10.45)
9.97 (10.64)
12.16 (12.31)

13.66 (8.20)
15.80 (7.92)

14.04 (8.19)
16.06 (7.80)

13.96 (8.26)
15.95 (7.36)

13.03 (8.14)
15.44 (8.04)

13.03 (8.14)
15.44 (8.04)
13.03 (8.14)

15.44 (8.04)
15.44 (8.04)

p<0.001

p<0.001

p=0.002

p=0.008

p<0.001

p<0.001

BRL=Brazilian real (2.89 BRL=1 USD in January 2004 when recruitment of the families commenced). The score ranges in parenthesis represent the minimum and

maximum values found in the study sample.
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Table S3. Means, standard deviations and correlation coefficients for the study variables.

Mean (SD) 1 2 3 4 5 6 7 8 9 10 11 12 13
1 Sustained attention (range: 0.28-0.80)  0.82 (0.07) 1.00
2 Episodic memory (range: 0-68) 10.70 0.94%** 1.00
(11.20)
Working memory (range: 0-44) 14.21 (8.18)  0.96***  (.94*** 1.00
4 CTSPC (range: 0-13)* 3.71 (2.43) 0.52* 0.03 0.04 1.00
5 Family income, BRL (range:0-15000) 811.95 0.00 0.00 0.00 -0.1 1% 1.00
(1089.90)
6 Maternal schooling (range: 0-17) 8.25(3.41) 0.03 0.05* 0.02 -0.09%%  0.45%** 1.00
7 Maternal age (range: 13-45) 26.57 (6.96) 0.01 0.02 0.01 -0.17%%%  Q.21%%% (. 11%** 1.00
8 Number of siblings (range: 0-7) 1.13 (1.13) -0.01 -0.01 0.00 -0.01 -0.11%F% 0. 31Fxx (. ]7HF* 1.00
9 Parity (range: 1-11) 2.31(1.54) -0.02 -0.02 -0.01 -0.05* -0.10%%%  -0.34%**  (.46%*F*  0.62%** 1.00
10  Maternal depression trajectories -0.02 -0.03 -0.03 =24k 0. 17FFxF 0 L0.23%F%  -0.05* 0.15%** (. 18*** 1.00
11  Maternal skin colour, 0 = non-white -0.00 -0.02 -0.01 0.06* -0.17%%F% - -0.20%**  -0.09%*F*  0.09%**  0.08***  (.10%** 1.00
12 Marital status, 0 = not living with 0.02 0.04 0.03 -0.08***  (0.10%**  0.09%**  (.20%*F*  (.]12%** 0.09%* -0.04 -0.12***  1.00
partner
13 Sex, 0 =female 0.02 -0.01 0.15%**  -0.09%**  -0.02 -0.03 0.01 0.06** 0.07** 0.00 -0.00 - 1.00
0.02

* p<0.05; ** p< 0.01; ***p<0.001

2 CTSPC: Parent-Child Conflict Tactics Scale; Cronbach's alpha = 0.73

BRL = Brazilian real (2.89 BRL =1 USD in January 2004)

The score ranges in parenthesis represent the minimum and maximum values found in the study sample.
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Table S4: Association between trajectories of maternal depression and harsh parenting at 11 years.

Harsh parenting
Trajectories of Crude Adjusted®
maielr;g depression B (SE) CI 95% B (SE) CI195%
(N=1949) p<0.001 p<0.001
Low ref ref ref ref

Moderate low
Decreasing
Increasing

High-chronic

0.889 (0.128)**
1.503 (0.193)**
1.165 (0.208)**
2.499 (0.267)**

(0.638; 1.140)
(1.125; 1.881)
(0.757; 1.573)
(1.975; 3.023)

0.777 (0.128)**
1.267 (0.196)**
0.919 (0.210)**
2.431 (0.274)**

(0.525; 1.029)
(0.882; 1.652)
(0.507; 1.331)
(1.893; 2.968)

* adjusted for family income, maternal age, smoking during pregnancy, self-reported maternal skin-color ,

prematurity, parity, sex
¥ p<0.001

Table S5: Association between trajectories of maternal depression and sustained attention at 15 years.

Sustained attention

Trajectories of

Crude Adjusted?
maternql B (SE) CI 95% B (SE) CI95%
depression p<0.001 p=0.062
Low ref ref Ref ref
Moderate low -0.008 (0.004)* (-0.016; -0.001) -0.003 (0.004) (-0.011; 0.005)
Decreasing -0.022 (0.006)** (-0.339; -0.011) -0.009 (0.006) (-0.021; 0.002)
Increasing -0.026 (0.006)** (-0.388; -0.014) -0.014 (0.006)* (-0.027; -0.002)
High-chronic -0.036 (0.008)** (-0.518; -0.020) -0.017 (0.008)* (-0.033; -0.001)

A higher score indicates better performance in measuring adolescents' sustained attention (sensitivity)
*adjusted for maternal education, maternal age, smoking during pregnancy, self-reported maternal skin-color,

parity, sex
" p<0.05
¥ p<0.001

Table S6: Association between trajectories of maternal depression and episodic memory at 15 years.

Episodic memory

Trajectories of

Crude Adjusted®
maternql B (SE) CI 95% B (SE) CI 95%
depression =0.008 p=0.692
Low ref ref Ref ref
Moderate low -0.043 (0.605) (-1.231; 1.144) -0.412 (0.593) (-1.575; 0.752)
Decreasing 2.282 (0.909)* (0.500; 4.064) 0.708 (0.906) (-1.068; 2.485)
Increasing 1.521 (0.976) (-0.394; 3.436) 0.250 (0.955) (-1.624; 2.124)

High-chronic

2.889 (1.240)*

(0.457; 5.319)

0.522 (1.233)

(-1.897; 3.390)

A higher score indicates worst performance in measuring adolescents' episodic memory (errors)
*adjusted for maternal education, maternal age, self-reported maternal skin color, low birth weight, parity, sex

*p<0.05
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Table S7: Association between trajectories of maternal depression and working memory at 15 years.

Working memory

Trajectories of Crude Adjusted?
dmeagre;;lsilon B (SE) CI 95% B (SE) CI 95%

p<0.001 p=0.076
Low ref ref ref ref
Moderate low 1.648 (0.441)** (0.782; 2.513) 1.231 (0.437)* (0.374; 2.089)
Decreasing 2.054 (0.663)* (0.754; 3.354) 0.566 (0.670) (-0.748; 1.879)
Increasing 2.572 (0.712)** (1.175; 3.969) 1.112 (0.708) (0.278; 2.501)
High-chronic 2.461 (0.904)* (0.688; 4.235) 0.504 (0.925) (-1.309; 2.318)

A higher score indicates worst performance in measuring adolescents' working memory (errors)

*adjusted for family income, maternal education, maternal age, self-reported maternal skin color, number of
siblings, prematurity, low birth weight, sex

" p<0.05

¥ p<0.001
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Table S8: Association between harsh parenting and episodic memory, sustained attention and working memory at 15 years.

Episodic memory Sustained attention Working memory
Crude Adjusted® Crude Adjusted® Crude Adjusted®
B (SE) CI95% B (SE) CI 95% B (SE) CI 95% B (SE) CI 95% B (SE) CI 95% B (SE) CI 95%
Harsh
parenting 0.331 (0.108)* 0.120; 0.542 0.241 (0.107)* 0.030; 0.452 -0.004 (0.001)*  -0.054;-0.003 -0.003 (0.001)** -0.004; -0.002 0.201 (0.080)* 0.045; 0.356 0.103 (0.080) -0.054; 0.261

#adjusted for maternal education, maternal age, self-reported maternal skin color, low birth weight, parity, sex

badjusted for family income, maternal education, maternal age, smoking during pregnancy, self-reported maternal skin color, low birth weight, parity, sex
¢ adjusted for family income, maternal education, maternal age, self-reported maternal skin color, number of siblings, prematurity, low birth weight, sex
*p<0.05

*p<0.001
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Table S9. Indirect, direct and total effects of maternal depressive symptoms trajectories on adolescent’s working memory scores mediated by harsh parenting.

Trajectories of maternal

Relative effects?

95% bias-corrected

95% bias-corrected

depression symptoms for adolescents” working B (SEY bootstrap CI P SE) bootstrap CI
memory

Moderated low Indirect effect (a1*b) 0.067 (0.069) (-0.043; 0.185) 0.004 (0.004) (-0.003; 0.011)
Direct effect (c1”) 0.997 (0.424)* (0.301; 1.700) 0.060 (0.0206) (0.018; 0.102)
Total effect 1.064 (0.419)* (0.353; 1.751) 0.064 (0.025)* (0.021; 0.105)

Decreasing Indirect effect (a2*b) 0.109 (0.114) (-0.069; 0.308) 0.004 (0.004) (-0.003; 0.012)
Direct effect (c2”) 0.352 (0.636) (-0.693; 1.379) 0.013 (0.024) (-0.026; 0.052)
Total effect 0.461 (0.629) (-0.576; 1.488) 0.017 (0.024) (-0.021; 0.056)

Increasing Indirect effect (az*b) 0.085 (0.090) (-0.052; 0.248) 0.003 (0.003) (-0.002; 0.009)

Chronic-high

Direct effect (c3”)

Total effect

Indirect effect (as*b)
Direct effect (c4”)

Total effect

1.191 (0.646)
1.277 (0.636)*
0.199 (0.206)
0.086 (0.833)
0.285 (0.810)

(0.136; 2.272)
(0.227; 2.322)
(-0.131; 0.544)
(-1.291; 1.460)
(-1.033; 1.631)

0.041 (0.022)
0.044 (0.022)*
0.005 (0.006)
0.002 (0.022)
0.008 (0.022)

(0.004; 0.078)
(0.008; 0.081)
(-0.003; 0.015)
(-0.035; 0.039)
(-0.028; 0.044)

B unstandardized coefficient; S standardized coefficient; CI confidence interval; SE standard error
Higher scores indicates worst performance in measuring adolescents' working memory

2Relative effect to the reference group (low depressive symptoms trajectory)

b Estimates for the fully adjusted model including family income, maternal education, maternal self-reported skin color, living arrangement, and adolescent’s sex

in all pathways
*p<0.05
¥ p<0.001
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ANEXOS

Anexo A. Parecer da Oficina de Investigacion Responsable emitida pelo Vicerrectorado de

Investigacion 'y Transferencia da Universidad Miguel Herndndez de FElche.
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funciones wjecutivas en | sdolescendc: Cohorte de Nacimiente de Pelotis 2009, ha sdo reabzada en hase s b
Inforracidn aportada en of formubario ooline: *Solcitud COdigo de mestigacion Resporssbie [(COR)" habiéndose
determinado que no requiere ninguna evaliacion sdicional Ex impartante destacar que st i silommacidn aportada
on dcho formulanono e correcta este nfonme no tiene valider.

Por todo fo antorior, se autorits ba raadbacin de 13 presente acthadad

Alertamenta,

Nborto Paser Campas
Ife e % OFcnae 3¢ InnesTgaciis Hesponsalys
Veprractonadn de bawe of gacdo y Transfeasacky
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Anexo B. Declaracao de dupla titulagao

MEDICINA

|>--: ) .'_.]

Departamento de
Medicina Preventiva

Declaracho

Sie Paulo, 24 de setembiro de 2024

En, Patricia Coelho de Searez, declaro que a tese de doutorado ntitulada "Estado dos fatores
de risco associndos a0 comgrometimento das fhmgoes execubivas na adolescencia: Coorte de
Nascimentos de Pelotas 20047, de sutona de Jilia de Souza Roduges, sob a ocentagdo da
Profa. Dra Alcia Matijasevich ¢ coorentagdo da Profa. Dsa. Mana Pastor Valero, for
desenvolvidn no ambite do Convénio de Dapla Titnlagao de Dowtorado Internacional Este
convemo ¢ celebrado entre o Progranm de Pos Gradmgao em Saude Coletiva da Faculdade de
Medicing da Universadade de So Paule, 0o Bragl e o Progiama de Doctoesdo en Salud
Piblica. Ciencias Medicas v Quiningicss da Facoltad de Medicina da Universidad Miguel
Hermdndez de Elche, na Espanha. A wese menconada encoutra-se em conformudade com as
nonnes ¢ regulamentos pam o obtengdo do grau de dowtomado de mpbas as mstitngdes
participaes. A dnzoranda Jilin de Souza Rodrignes permanecen nn Faculdade de Medicina
da Umiversadade de S30 Paulo po periodo de 01/11/2022 a 31/05/2023

Alenciosamente,

Profs. Dra Patricia Coelho de Seiasez
Covedenadota do Prograa de Pés-Graduagiao e Saiide Colenva
Faculdade de Medicma da Universdade de Sio Pimle

Uepartamento o= Medicing Frevernliva

Fridio da FEMUSF - AraaMe 2SS

2% sodar - galy 2236 Coysnmins Césy - S4o Pusde - Bal] 04246 900 wws Im llK)l.h'
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