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RESUMO

A incidéncia de nascimento prematuro e de baixo peso ao nascer permanece alta em
todo o mundo. Além de uma alta taxa de mortalidade, os sobreviventes podem
enfrentar muitas morbidades ao longo da vida, como transtornos motores, sensoriais,
cognitivos e psiquiatricos, especialmente os recém-nascidos muito prematuros (MP)
e os de muito baixo peso (MBPN). O transtorno de déficit de atencdo/hiperatividade
(TDAH), um transtorno psiquiatrico com alta prevaléncia, morbidade e custos em
saude, € um dos problemas do neurodesenvolvimento mais comuns descritos nessa
populacdo. Embora os recém-nascidos MP/MBPN parecam ter maior risco futuro de
TDAH, a magnitude desse risco ndo esta bem definida. Além disso, varios fatores de
risco pré-natais e neonatais podem desempenhar um papel significativo na
associacao ou etiologia do TDAH em individuos MP/MBPN. O objetivo desta tese de
doutorado é de revisar sistematicamente e meta-analisar o risco de individuos
MP/MBPN de desenvolver tanto TDAH como apresentarem uma sintomatologia
dimensional do transtorno em comparagédo com controles com idade e/ou peso de
nascimento normais. Buscou-se também desenvolver um modelo preditivo
multivariavel e criar uma calculadora de risco individualizada para ajudar os meédicos
a identificar, entre os recém-nascidos MP/MBPN, aqueles com maior probabilidade de
ter TDAH no futuro usando preditores rotineiramente coletados nas unidades de
terapia intensiva neonatal. No primeiro artigo, em uma revisao sistematica e meta-
analise de doze estudos (n=1.787), mostrou-se que tanto os sujeitos MP/MBPN
guanto os extremamente prematuros/extremamente baixo peso ao nascer (EP/EBPN)
apresentam maior risco de TDAH [Raz&o de Chances (RC): 3,04; IC 95%, 2,19-4,21].
As andlises de subgrupos demonstraram que, quanto mais extremos 0S casos,
maiores as RC (MP/MBPN, RC: 2,25; IC 95%, 1,56-3,26; EP/EBPN, RC: 4,05; IC
95%, 2,38-6,87). Concluimos que os individuos MP/MBPN tém um risco aumentado
de diagnéstico de TDAH em comparagdo com 0s controles, e esses achados séo
ainda mais fortes no grupo EP/EBPN. Por fim, no segundo artigo, construimos um
escore de risco e uma calculadora de risco para o TDAH, com base em sete fatores
de risco avaliados em uma coorte clinica de 104 criancas MP/MBPN (sepse tardia

confirmada por hemocultura, enterocolite necrosante, convulsdes neonatais,



leucomalacia periventricular, sindrome do desconforto respiratério, tempo de
internacdo e numero total de sintomas de TDAH da mae). A calculadora, disponivel
em https://jscalc.io/calc/unaQG5TuvzVzuzmV, apresentou bons parametros de
desempenho e é uma ferramenta clinica pratica potencial para a identificacao precoce
de criancas MP/MBPN com alto risco de diagnodstico futuro de TDAH. A presente tese
de doutorado trouxe elementos para o dimensionamento da associacdo entre
MP/MBPN e TDAH e constatou quais fatores de risco podem predizer um futuro
diagnéstico de TDAH.

Palavras-chave: Nascimento Muito Prematuro. Muito Baixo Peso ao Nascer.

Transtorno de Déficit de Atencao/Hiperatividade. Meta-analise. Progndstico.



ABSTRACT

The incidence of preterm birth and low birth weight remains high worldwide. Besides a
high mortality rate, survivors can face many lifelong morbidities, such as motor,
sensorial, cognitive, and psychiatric disorders, especially very preterm (VP) and very
low birth weight (VLBW) newborns. Attention-deficit/hyperactivity disorder (ADHD), a
psychiatric disorder with high prevalence, morbidity, and health costs, is one of the
most common neurodevelopmental disorders described in this population. Although
VP/VLBW newborns seem to have a higher risk of later ADHD, the magnitude of the
risk is not well-defined. Also, several pre-/perinatal risk factors may play a significant
role in the association or etiology of ADHD in VP/VLBW individuals. The purpose of
this doctoral thesis was to systematically review and meta-analyze the risk of
VP/VLBW individuals to develop ADHD categorical diagnosis/dimensional
symptomatology compared to controls with normal birth age and/or weight. In addition,
we sought to develop a multivariable predictive model and to build an individualized
risk calculator to help clinicians to identify, among VP/VLBW newborns, those who are
most likely to have ADHD in the future using predictors that are routinely collected in
neonatal intensive care unit setting. In the first article, in a systematic review and meta-
analysis of twelve studies (n=1,787), we showed that both VP/VLBW and extremely
preterm/extremely low birth weight (EP/ELBW) subjects have a higher risk of
developing ADHD [odds ratio (OR): 3.04; 95% CI, 2.19-4.21]. Subgroup analyses
demonstrated that the more extreme the cases, the higher the ORs (VP/VLBW, OR:
2.25;95% ClI, 1.56-3.26; EP/ELBW, OR: 4.05; 95% ClI, 2.38-6.87). We concluded that
VP/VLBW subjects have an increased risk of ADHD diagnosis compared to controls
and these findings are even stronger in the EP/ELBW group. Finally, in the second
article, we built a risk score and a risk calculator for ADHD based on seven risk factors
assessed in a clinical cohort of 104 VP/VLBW children (late-onset sepsis confirmed by
blood culture, necrotizing enterocolitis, neonatal seizures, periventricular
leukomalacia, respiratory distress syndrome, length of hospital stay and total number
of maternal ADHD symptoms). The calculator, available at
https://jscalc.io/calc/lunaQG5TuvzVzuzmV, showed good performance parameters

and is a potential practical clinical tool for early identification of VP/VLBW children at



high risk of future ADHD diagnosis. The present doctoral thesis shed light on the
magnitude of the association between VP/VLBW children and ADHD and found which
risk factors can predict future ADHD diagnosis.

Keywords: Very Preterm Birth. Very Low Birth Weight. Attention-Deficit/Hyperactivity

Disorder. Meta-analysis. Prognosis.



APRESENTACAO

Esta tese de doutorado se intitula “Transtorno de Déficit de
Atencao/Hiperatividade em Criangas Muito Prematuras e/ou com Muito Baixo Peso ao
Nascer: Avaliacdo da Prevaléncia e Desenvolvimento de uma Calculadora de Risco”,
sendo apresentada ao Programa de Pés-Graduacdo em Psiquiatria e Ciéncias do
Comportamento da Universidade Federal do Rio Grande do Sul em 14 de fevereiro de
2020.

Os estudos desenvolvidos nesta tese sao resultado de uma parceria entre o
Programa de Transtornos de Déficit de Atencao/Hiperatividade (ProDAH) vinculado
ao Servico de Psiquiatria da Infancia e da Adolescéncia e ao Servi¢o de Psiquiatria do
Hospital de Clinicas de Porto Alegre (HCPA) — Universidade Federal do Rio Grande
do Sul (UFRGS) e a Unidade de Internacdo Neonatal e Ambulatério do Servigo de
Neonatologia do HCPA — Seguimento de Prematuros.

A motivagao inicial para o desenvolvimento desta tese partiu da curiosidade
acerca dos desfechos comportamentais nas criangas que nasceram muito prematuras
(MP) ou com muito baixo peso ao nascer (MBPN). Apesar da reducao da mortalidade
destas criancas no periodo neonatal, ha relatos de alta incidéncia de morbidades
crobnicas entre o0s sobreviventes, com destague para o0s transtornos do
neurodesenvolvimento e, em particular, para problemas comportamentais, como o
transtorno de déficit de atencao/hiperatividade (TDAH). O contato na pratica clinica
com essas criangas e com o sofrimento dos seus pais despertaram meu interesse em
contribuir com a producao de conhecimento cientifico na area, um caminho necessario
para a melhoria da assisténcia destes pacientes.

Considerando-se esta possivel relagdo entre prematuridade e o
desenvolvimento de TDAH, nossa questdo de pesquisa focou-se na investigacdo da
associacao entre estas patologias e na tentativa de ampliar o conhecimento acerca
dos possiveis fatores relacionados a prematuridade/baixo peso ao nascer que
pudessem estar mediando esta associacao e, através destes fatores, poder identificar
precocemente os recém-nascidos MP/MBPN que tivessem maior risco de desenvolver
TDAH.



Desse modo, o primeiro estudo consistiu em uma revisdo sistematica da
literatura e meta-analise que teve por objetivo avaliar o risco de criancas que
nasceram MP/MBPN de posteriormente desenvolverem TDAH, utilizando-se critérios
diagndsticos, tanto categoéricos quanto dimensionais bem definidos.

Como foram encontradas associacfes consistentes entre MP/MBPN e TDAH,
0 segundo estudo se propds a avaliar o diagnéstico de TDAH em 104 criancas de
aproximadamente 6 anos que nasceram MP/MBPN de uma coorte na unidade de
Neonatologia do HCPA, e investigou os fatores de risco perinatais para o
desenvolvimento do transtorno, com o intuito de desenvolver uma calculadora de risco
para TDAH baseado nestes fatores.

Esta tese esta organizada em cinco partes. Na primeira parte, Introducéo,
abordam-se conceitos gerais sobre prematuridade, baixo peso ao nascer e TDAH. A
segunda parte, Revisao de Literatura, faz-se uma revisao das evidéncias disponiveis
da associacdo entre estas patologias, das especificidades fenotipicas do TDAH nesta
populacdo, dos potenciais mecanismos envolvidos e resume as evidéncias
disponiveis dos fatores de risco para TDAH em individuos que nasceram prematuros
ou com baixo peso ao nascer. A terceira parte conta com a Justificativa, Objetivos
e Consideracdes Eticas desta tese. Na quarta parte, encontram-se os textos dos
artigos cientificos na integra: Artigo 1 (Franz et al., 2018, publicado no Pediatrics em
2018) e o Artigo 2 (pronto para submissdo). Na quinta parte, realizam-se as

Consideracgfes Finais.
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1. INTRODUCAO
1.1 PREMATURIDADE E BAIXO PESO AO NASCER
1.1.1 Defini¢des:
De acordo com a Organizacao Mundial da Saude — (OMS) (1), a Prematuridade
é definida pela como o nascimento que ocorre antes de 37 semanas completas de

gestacdo. Pode ser classificada nos seguintes subtipos, de acordo com a idade

gestacional de nascimento (2):

. Prematuro: < 37 semanas;
o Muito Prematuro (MP): < 32 semanas;
. Extremo Prematuro (EP): < 28 semanas.

Como a obtencdo da idade gestacional necessita da recordacdo do ultimo
periodo menstrual, de ecografia, ou do exame minucioso do recém-nascido, costuma-

se também classificar a prematuridade de acordo com o0 peso ao nascer, conforme

segue (2):
o Baixo Peso ao Nascer: < 2.500 gramas;
o Muito Baixo Peso ao Nascer (MBPN): < 1.500 gramas;
o Extremo Baixo Peso ao Nascer (EBPN): < 1.000 gramas.

A classificacdo da prematuridade pelo peso ao nascer tem a vantagem de ser
de mais facil obtencdo, permanecendo um importante indicador de saude publica,

especialmente em locais onde a avaliacéo precisa da idade gestacional ndo € possivel

(3).
1.1.2 Epidemiologia:

Estima-se que 14,84 milhdes de bebés nasceram prematuros em 2014,
correspondendo a 10,6% de todos os nascidos vivos em todo o mundo, sendo que as
taxas de prevaléncia podem variar de 8,7% em paises europeus a 13,4% no norte da

Africa (4). Mais de 60% dos bebés prematuros nasceram no sul da Asia e na Africa
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subsaariana, onde 52% dos nascimentos no mundo ocorrem (5). O nascimento
prematuro também afeta paises ricos. Por exemplo, os Estados Unidos da América
(EUA) possuem altas taxas e sdo um dos dez paises com o maior numero de
nascimentos prematuros. Dos 65 paises que possuem dados de tendéncia temporal
estimada, apenas trés (Croacia, Equador e Estbnia) reduziram as taxas de
nascimentos prematuros entre 1990 e 2010 (5).

Apesar de a maioria dos prematuros nascerem proximo das 37 semanas de
gestacdo (84,3% entre a 328 e 372 semana de gestacdo), um numero significativo
ocorre em faixas mais graves de prematuridade: 10,4% ocorreram entre a 282 e a 322
semana, e 5,2% ocorreram antes da 282 semana (5).

J& a prevaléncia mundial estimada de baixo peso ao nascer em 2015 foi de
14,6%, correspondendo a 20,5 milhdes de nascidos vivos, 91% destes ocorrendo em
paises de renda baixa e média, principalmente sul da Asia (48%) e Africa Subsaariana
(24%) (6). Criancas de MBPN correspondem a 1,42% de todos 0s nascimentos nos
EUA em 2015 (7).

A respeito de dados nacionais, o Brasil € o décimo pais no mundo com o maior
namero de nascimentos prematuros (5). Dados de 2017 indicaram que, de cerca de 3
milhdes de nascidos vivos desse ano, 319 mil (10,9%) nasceram prematuros. Destes,
45 mil (14,1%) nasceram com menos de 32 semanas (MP). Dos 150 mil que nasceram
com baixo peso ao nascer em 2017, 36 mil (24%) tinham menos de 1.500 g (MBPN)

(8).

1.1.3 Etiologia:

O nascimento prematuro € uma sindrome com uma variedade de causas que
podem ser amplamente classificadas em dois grupos: parto prematuro espontaneo e
parto prematuro iniciado pelo profissional (inducédo do parto ou cesariana eletiva por
indicacao fetal, materna ou por iatrogenia) (9).

Globalmente, os paises que representam a maior carga no numero de
prematuros tém niveis muito baixos de nascimentos prematuros iniciados pelo

profissional, sendo que a maioria dos paises africanos tem taxas de cesarianas
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inferiores a 5% (10). No entanto, muitos paises desenvolvidos e em desenvolvimento
apresentam um numero cada vez maior de nascimentos prematuros iniciados por
profissionais, muitos deles realizados na auséncia de uma indicacdo médica bem
definida (11).

O nascimento prematuro espontaneo € um processo complexo, sendo que a
causa precisa nao é identificada em até metade dos casos (12). A histdria individual
ou familiar de nascimento prematuro € um forte fator de risco (13). Outros fatores
incluem idade materna jovem ou avangada, intervalos curtos de gestacao, baixo indice
de massa corporal materno, gravidez mdltipla, doenca ndo transmissivel pré-
existente, hipertensédo na gravidez e infec¢cbes (14, 15).

Ja os fatores que influenciam especificamente o baixo peso ao nascer sédo
similares, e incluem extremos da idade materna (especialmente menores de 16 anos
ou maiores de 40 anos), gravidez multipla, complicacdes obstétricas, condicdes
maternas crénicas (por exemplo, transtornos hipertensivos da gravidez), infeccoes,
condi¢bes nutricionais, fatores ambientais como poluicdo do ar em ambientes

fechados e uso de tabaco e drogas (16-19).

1.1.4 Mortalidade:

Em paises de alta renda, metade dos bebés com menos de 25 semanas tém
conseguido sobreviver, mas com evidéncias crescentes de grande incapacidade (20).
Apesar disso, nascimento prematuro e baixo peso ao nascer foram responsaveis por
cerca de 17% das mortes de criangas em 2016 nos EUA (21).

Por outro lado, em contextos de baixa e média renda, os prematuros entre 32
e 37 semanas de gestacao nem sequer tém cuidados basicos e sdo responsaveis pela
maioria dos bebés prematuros que morrem. Em 2016, as principais causas de morte
em criancas menores de 5 anos de idade decorreram de complicacbes do parto
prematuro, representando aproximadamente 16% de todas as mortes, e 35% das

mortes entre recém-nascidos (22).
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1.1.5 Morbidade:

Mesmo com a alta mortalidade, os avan¢os no atendimento neonatal de bebés
prematuros e de muito baixo peso ao nascer (introdugéo de aparelhos de Continuous
Positive Airway Pressure (CPAP), ventilagdo mecanica, uso de surfactante exdégeno,
administracdo rotineira de esteroides pré-natais, evitacdo de administracdo cronica
pés-natal de esteroides, melhor definicdo do alvo apropriado para a saturacdo de
oxigénio (23)) aumentaram significativamente as taxas de sobrevivéncia,
principalmente em paises desenvolvidos (24). Contudo, as que sobrevivem
apresentam risco de desenvolver varias comorbidades (25). A curto prazo, podem
apresentar sindrome do desconforto respiratorio, retinopatia da prematuridade,
displasia broncopulmonar, sepse de inicio tardio, enterocolite necrosante, hemorragia
peri-intraventricular, leucomalécia periventricular, entre outros (26, 27). J4 a longo
prazo, o risco é o desenvolvimento de uma ampla gama de transtornos do
neurodesenvolvimento, incluindo transtornos motores, sensoriais, cognitivos, e 0
Transtorno de Déficit de Atencao/Hiperatividade (TDAH) (28-30).

Esses riscos de mortalidade e morbidade sdo maiores para as criancas mais
prematuras ou com peso ao nascer mais baixo, como os bebés MP e especialmente
para os bebés EP (2, 31, 32).

1.2 TRANSTORNO DE DEFICIT DE ATENCAO/HIPERATIVIDADE

O TDAH é um dos transtornos do neurodesenvolvimento mais comuns na
infancia e adolescéncia, caracterizado por um padrdo de dificuldade em manter a
atencdo e/ou por comportamento com excessiva hiperatividade/impulsividade,
incompativeis com a faixa etaria (33). Possui uma prevaléncia mundial estimada de
3.4% [intervalo de confianca de 95% (IC 95%) de 2.6-4.5] entre criancas e
adolescentes (34). E um transtorno altamente comorbido com outras patologias
psiquiatricas e a persisténcia dos sintomas até a idade adulta pode ocorrer em

aproximadamente 65% dos casos (35).
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O TDAH estéa relacionado a uma série de desfechos adversos na infancia,
adolescéncia e na vida adulta, como aumento do risco de lesbes (36); aumento da
utilizacdo de servigcos de saude (37); mau relacionamento com colegas (38); mau
desempenho escolar (39); qualidade de vida pior (40); divorcio (41); acidentes de
transito (42); desemprego (43); criminalidade (44); maior labilidade emocional, mais
neuroticismo, transtornos de ansiedade, transtornos de humor (45); abuso de
substancias (46); suicidio (47) e mortalidade prematura (48); Além disso, o TDAH pode
ser um estressor para as familias pois, além dos resultados adversos acima, as
criancas com TDAH tendem a ser mais dificeis de criar (49).

Por fim, o TDAH é um fardo para a sociedade — o custo anual foi estimado entre
143 a 266 bilhdes de dolares somente nos EUA, destacando-se os custos de
tratamento e educacéo para criangas, perda de produtividade e renda para adultos,
além de altos custos indiretos para as familias (50).

Em relacdo a etiologia, ha fortes evidéncias de uma contribuicdo hereditaria
para o desenvolvimento do TDAH. Contudo, nem todo risco para o TDAH é genético,
e deve-se notar que, além do risco ambiental puro, as estimativas de herdabilidade
também incluem um elemento de interacdo do gene-ambiente (51). Fatores
ambientais, responsaveis por 10 a 40% da variacdo associada ao TDAH (52), sédo
importantes por representarem a parcela potencialmente prevenivel do transtorno
(53). O grande 6nus do TDAH para individuos, familias e sociedade tem levado a um
crescente campo de pesquisa sobre fatores de risco ambientais para o TDAH,

incluindo a prematuridade e o0 baixo peso ao nascer.
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2. REVISAO DE LITERATURA

2.1 PREMATURIDADE/BAIXO PESO AO NASCER E TDAH

Nos ultimos anos, pesquisas sobre prematuridade e baixo peso ao nascer,
através de estudos clinicos e epidemiolégicos, tém se dedicado cada vez mais a
analisar desfechos neurocomportamentais que ocorrem apds 0 hascimento prematuro
e seus respectivos antecedentes e correlatos. Destes, um dos transtornos mais
consistentemente encontrado em criangas ou adolescentes que nasceram prematuras
ou com baixo peso ao nascer é o TDAH (54, 55). Entretanto, em uma revisdo de
Sciberras et al. (2017) (51), de todos os fatores de risco pré-natais propostos para o
TDAH, nenhum deles pode ser confirmado como causal, incluindo nascimento
prematuro e baixo peso ao nascer, pois quanto mais forte era o desenho do estudo,
menor a probabilidade de apoiar uma associacao.

Até o momento, ainda ndo foram realizadas meta-analises especificamente
projetadas para avaliar a associacdo entre MP/MBPN e TDAH. Além disso, ha muitas
limitacbes nas poucas meta-analises existentes, nas quais 0s pesquisadores
avaliaram associacdes entre prematuridade ou baixo peso ao nascer e transtornos
mais gerais do neurodesenvolvimento.

Em uma meta-analise de 2002 sobre desfechos cognitivos e comportamentais
de criancas nascidas prematuras em idade escolar, Bhutta et al. (29) mostraram que
criancas nascidas prematuras tinham um risco aumentado em 2,64 vezes para o
TDAH (IC 95%, 1,85-3,78) e frequentemente manifestavam sintomas externalizantes
quando atingiam a idade escolar. Entretanto essa meta-andlise limitou sua busca a
estudos de caso-controle e ndo incluiu artigos que avaliavam criangas com baixo peso
ao nascer. Além disso, o pequeno numero de estudos incluidos (7 amostras de 6
estudos) tornou seus resultados menos robustos.

Outra meta-analise, de Aarnoudse-Moens et al. (2009) (30) avaliou
desempenho académico, problemas comportamentais e funcdo executiva em
criancas MP/MBPN. Os autores descobriram que problemas de atengcao medidos por

pais e professores por meio do Achenbach's Child Behavior Checklist e do Teachers
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Report Form eram mais pronunciados em individuos MP/MBPN do que nos controles
normais. Eles também encontraram uma forte correlacao entre desfechos adversos e
nivel de maturidade ao nascer: criancas menores e mais prematuras eram mais
propensas a ter problemas de comportamento internalizantes, externalizantes, e fraco
desempenho académico do que bebés mais pesados e maduros. Entretanto, a
pesquisa de artigos foi limitada a um periodo de 10 anos, o que pode ter excluido
estudos relevantes. Os autores observaram que o pequeno nimero de estudos limitou
o0 poder de algumas anadlises correlacionais, além de detectarem possivel viés de
publicacdo em estudos sobre as classificagcbes dos professores nos problemas
comportamentais.

Serati et al. (2017) (56), em uma revisdo sisteméatica da literatura sobre o papel
das complicacdes obstétricas e neonatais no diagnostico de TDAH na infancia,
descobriram que o baixo peso ao nascer (tamanho de efeito d de Cohen: 0,31-1,64)
e nascimento prematuro (tamanho de efeito d de Cohen: 0,41-0,68) foram os fatores
mais importantes associados a um diagnostico futuro de TDAH. Os autores nao
encontraram uma relacdo proporcional clara entre reducdo de peso e aumento do
risco do TDAH para pesos ao nascer abaixo de 2.500 g. Sobre o nascimento
prematuro, eles alertaram que diferentes estudos usavam diferentes definicbes de
nascimento prematuro, o que impediu avaliacdes adicionais.

Momany et al. (2018) (57), em uma meta-andlise da associacao entre peso ao
nascer e sintomas de TDAH, encontraram uma associacdo pequena, mas
significativa. Os individuos nascidos com baixo peso ao nhascer manifestaram maiores
sintomas de TDAH [coeficiente de correlacao de Pearson (r): - 0,15]. No entanto, este
estudo nado foi realizado em MP/MBPN e néo avaliou o TDAH do ponto de vista
diagnéstico. Verificou-se que tipo de amostra, peso médio de nascimento, regido
geografica, informante dos sintomas de TDAH, método de medicdo de sintomas de
TDAH e etnia contribuiram significativamente para a heterogeneidade nos tamanhos

dos efeitos.

2.2 ESPECIFICIDADES FENOTIPICAS DO TDAH EM PREMATUROS



23

Apesar da falta de evidéncias consistentes, pesquisadores sugerem que
individuos nascidos prematuros ou com baixo peso ao nascer que desenvolvem TDAH
apresentam especificidades fenotipicas que divergem de individuos com TDAH que
nasceram a termo e com peso de nascimento normal. I1Sso inclui: maior prevaléncia
de complicacbes gestacionais e neonatais (30, 58), menor incidéncia de
comorbidades psiquiatricas (59-61), menor Quociente de Inteligéncia (Ql) e piores
parametros neuropsicoldgicos (29, 62-64), maior estabilidade diagnoéstica do TDAH
da infancia até a vida adulta (59, 63), e maior predominancia de sintomas de
desatencéo (54, 55, 60). Além disso, criancas prematuras com TDAH nao apresentam
0 padrao tipico (65) de maior prevaléncia no sexo masculino em comparac¢ao ao Sexo
feminino (59, 61, 66).

2.3 MECANISMOS QUE VINCULAM PREMATURIDADE AO TDAH

2.3.1 Genética

Nas ultimas décadas, estudos de familias, gémeos e ado¢cdo mostram que o
TDAH apresenta uma herdabilidade estimada de 74%, o que destaca o papel genético
em sua etiologia (67). Varios loci genéticos foram implicados, mas todos com uma
contribui¢do individual pequena para o desenvolvimento de TDAH (67). Cerca de um
terco da herdabilidade do TDAH €& devida a um componente poligénico que
compreende muitas variantes comuns, cada uma contribuindo com um pequeno efeito
para o risco de TDAH (67).

Da mesma forma, estima-se que o baixo peso ao nascer tenha uma alta
herdabilidade, de aproximadamente 50%, afetando a capacidade de sobrevivéncia de
um feto em desenvolvimento, tanto no Utero quanto apos o nascimento (68). Também
existe agregacdo familiar no parto prematuro, ja& que mulheres nascidas
prematuramente tém um risco maior de terem parto prematuro, e esse risco aumenta
em 80% nas mulheres cujas irméas tiveram parto prematuro (69).

Apesar destas fortes contribuicbes genéticas, alguns estudos postulam que a

associacdo entre TDAH e baixo peso ao nascer nao parece ser devida a uma
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suscetibilidade genética comum (57). Em um estudo utilizando dados da populacéo
de gémeos da Suécia, as associacdes entre 0 peso ao nascer e sintomas de TDAH
foram semelhantes para gémeos monozigoéticos e dizigéticos. Os autores deste
estudo concluiram que existe uma associacdo independente entre o baixo peso ao
nascer e sintomas de TDAH, mesmo apds o controle de todos os confundidores
ambientais e genéticos compartilhados, sugerindo uma via causal entre peso ao
nascimento e TDAH (70). Em um estudo longitudinal de diferencas entre gémeos, Lim
et al. (2018) (71) também apontaram para a natureza causal da associa¢cdo observada
entre peso ao nascer e sintomas de TDAH usando gémeos monozigoticos para
controlar confundidores genéticos e ambientais compartilhados. A associacéo
persistiu desde a infancia até a adolescéncia e foi mais forte e mais persistente para
desatencdo em comparagao com hiperatividade/impulsividade. Achados similares de
causalidade também foram encontrados em um estudo utilizando dados longitudinais
de gémeos na Holanda (72).

Entretanto, inferéncias de causalidade entre prematuridade/baixo peso ao
nascer e TDAH ainda nao estdo totalmente esclarecidas uma vez que fatores
genéticos maternos podem estar confundindo esta associacdo. Maes com alto risco
genético para o TDAH também podem estar em risco aumentado para intercorréncias
adversas durante a gravidez, o que foi evidenciado por Leppert et al. (2019) (73), em
um estudo de coorte de base populacional de 7.921 mées. O escore poligénico de
risco para TDAH das maes foi associado a uma série de intercorréncias
gestacionais/neonatais que, por sua vez, estdo relacionadas a distlirbios do
neurodesenvolvimento, como o TDAH na prole. Ja escores poligénicos de risco para
outros disturbios do neurodesenvolvimento, como o transtorno do espectro autista e
esquizofrenia mostraram pouca evidéncia de associagdo com intercorréncias
gestacionais/neonatais neste estudo. Os autores deste estudo destacam a
necessidade de considerar cuidadosamente possiveis confundidores genéticos e
diferentes abordagens ao avaliar os efeitos das intercorréncias pré-natais e neonatais

nos disturbios do neurodesenvolvimento dos filhos.
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2.3.2 Origem Desenvolvimental

A hipo6tese das origens desenvolvimentais da salde e da doenca (do inglés
“‘Developmental Origins of Health and Disease Hypothesis”) pode ajudar a explicar a
ligacdo entre prematuridade/baixo peso ao nascer e TDAH (57). Essa teoria propde
gue mudancas no ambiente pré-natal durante periodos sensiveis de desenvolvimento
podem resultar em alteragdes epigenéticas, estruturais ou fisiolégicas a longo prazo
que, por um lado, “programam” o feto em desenvolvimento a se adaptar as
perturbacdes do ambiente pré-natal, mas deixando-o, por outro lado, mal adaptado
para o ambiente pds-natal, e aumentando assim o risco para condi¢cdes crénicas de
saude como diabetes, doenca cardiovascular, asma, cancer, osteoporose e

transtornos neuropsiquiatricos (74-78).

2.3.3 Isquemia-Hipoxia

Consistente com a hipotese das origens desenvolvimentais da salde e da
doenca, uma revisdo recente de Smith et al. (2016) (79) postulou uma via etiolégica
gue liga o peso ao nascer ao TDAH por meio da isquemia-hipéxia pré-natal, que
consiste no suprimento insuficiente de sangue e oxigénio no periodo intrauterino.
Conforme revisado nesse artigo, durante eventos prolongados de isquemia-hipoxia
pré-natal, ocorre uma expressao génica alterada no cérebro e nos tecidos periféricos
em desenvolvimento e alteracdes epigenéticas no sentido de se adaptar ao contexto
da isquemia-hipdxia e promover sua sobrevivéncia. Entretanto, essa expressao
génica alterada e as alteracdes epigenéticas em resposta a isquemia-hipdxia
duradoura podem, a longo prazo, aumentar o0 risco para transtornos do

neurodesenvolvimento, como uma vulnerabilidade para o TDAH (79).

2.3.4 Crescimento Compensatorio

Outra hipoétese levantada para explicar a ligacdo entre baixo peso ao nascer e

TDAH é o crescimento compensatorio (80), que consiste no ganho de peso extra nos
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primeiros anos de vida, geralmente através de formulas nutricionais, para compensar
e se igualar ao peso de individuos da mesma idade. Apesar dos efeitos positivos, 0
crescimento compensatorio rapido em bebés saudaveis nascidos a termo (com peso
normal ou pequeno para a idade gestacional) pode estar associado a efeitos adversos
a longo prazo, como obesidade e outras doencas crénicas (80). Entretanto, isso nédo
parece valido para bebés prematuros, que podem obter ganhos posteriores no
neurodesenvolvimento com o ganho r4pido de peso na infancia (80). Adicionalmente,
ainda ndo esta claro se esse mecanismo atua no TDAH, j& que um estudo realizado
por Groen-Blokhuis et al. (2011) (72) ndo encontrou associacdo entre crescimento

compensatorio e futuros problemas de desatencéo.

2.3.5 Neuroinflamacéao

Numa reviséao feita por Dunn et al. (2019) (81) sobre neuroinflamacgédo como um
fator de risco para TDAH, o autor destaca as seguintes evidéncias do papel da
neuroinflamacéo na fisiopatologia do TDAH: a) a comorbidade acima do acaso de
TDAH com transtornos inflamatdrios e autoimunes, b) estudos iniciais indicando uma
associacdo com o TDAH e aumento de citocinas séricas, c) evidéncias preliminares
de estudos genéticos demonstrando associacdes entre polimorfismos em genes
associados as vias inflamatérias e ao TDAH, d) evidéncias emergentes de que a
exposicao precoce a fatores ambientais pode aumentar o risco de TDAH por meio de
um mecanismo inflamatdrio e e) evidéncias de modelos animais de ativacao imune
materna documentando desfechos comportamentais e neurais consistentes com
TDAH.

De fato, a exposicéo precoce a fatores ambientais pode promover a ativagéao
de células imunes e da microglia (82), causando alteracbes nas citocinas proé-
inflamatorias e anti-inflamatérias, envolvidas no metabolismo do triptofano e nas vias
dopaminérgicas envolvidas no TDAH (83, 84). Além disso, sabe-se que 0 aumento da
inflamagé&o durante a gravidez pode ser um dos determinantes do baixo peso ao

nascer (85).
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2.4 FATORES DE RISCO PARA TDAH EM PREMATUROS

Apesar de uma forte influéncia genética, diversas morbidades tipicas de
criangas prematuras ou com baixo peso ao nascer e de suas mées podem exercer um
papel significativo no futuro desenvolvimento do TDAH (56). Levando-se em conta a
evidéncia de associacao entre prematuridade e o baixo peso ao nascer com TDAH e
ao fato de termos uma melhor compreensao dos mecanismos biolégicos subjacentes
do cérebro em desenvolvimento como potencial fator causal para transtornos
neuropsiquiatricos (86), os estudos comecaram a investigar o papel dos fatores de

risco pré-natais e neonatais desta associacao.

2.4.1 Consideracdes Metodoldgicas dos Fatores de Risco

Conforme destaca Momany et al. (2018) (57), um grande volume de estudos
que avaliam possiveis fatores de risco para TDAH apresentam resultados positivos,
mas, de maneira geral, apresentam uma série de limitacbes metodoldgicas que devem
ser consideradas:

a) Os estudos de desenho caso-controle geralmente sdo baseados em
guestiondrios ou entrevistas com as maes varios anos ap0s o nascimento,
com a possibilidade de viés de memoria, além de muitas vezes
apresentarem amostras relativamente pequenas ou selecionadas.

b) Nos estudos de coorte, o desfecho avaliado tem sido frequentemente
sintomas ou comportamentos relacionados ao TDAH em vez do diagndstico
formal. As medidas usadas para avaliar o diagnostico de TDAH variam de
simples autorrelatos, uso ou ndo de medicacdo para TDAH, varios tipos de
guestionarios diferentes (muitas vezes s de triagem para o TDAH) e
entrevistas que, na maioria das vezes, possuem validade diagnéstica
limitada, ou o uso exclusivo de testagens que avaliam as funcdes
neuropsicolégicas de atencao.

c) Resultados diferentes de acordo com o tipo de informante (autorrelato, pais,

professores, médico).
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d) Diferentes definicbes e pontos de corte utilizados na avaliacdo dos fatores
pré-natais e neonatais.

e) Pouco tempo de seguimento nos estudos de coorte, ou tempos de
seguimentos muito variados, dificultando comparac¢des de individuos com a
mesma idade.

f) Ha muita variabilidade empregada nos desenhos dos estudos para
investigar o peso ao nascer e os sintomas de TDAH. Alguns estudos
dicotomizam individuos com base no peso ao nascer, outros com base no
status de TDAH, e ainda outros estudos examinam uma ou ambas as
variaveis como medidas continuas.

Levando essas limitagcbes metodoldgicas em conta, segue uma revisao dos

principais fatores de risco pré-natais e neonatais possivelmente associados ao TDAH,
com énfase na populacéo de individuos que nasceram prematuros ou com baixo peso

ao hascer.

2.4.2 Fatores Maternos:

2.4.2.1 Baixo Nivel Socioecondmico

O baixo nivel socioecondmico é considerado um fator de risco para problemas
atencionais durante a infancia entre criancas nascidas prematuras (54, 87, 88). Esta
variavel relaciona-se com uma variedade de fatores, incluindo etnia, estresse
psicossocial e escolaridade maternos (89) e esta associada a pior acesso a cuidados
pré-natais, pior nutricdo e menor peso ao nascer do bebé (90, 91). Larson et al. (2014)
(92) mostraram que a baixa renda familiar na primeira infancia tinha uma associagao
dose-dependente com o TDAH, mesmo apds o controle de confundidores (RC para o
quartil 1: 2,09; IC 95%, 2,00-2,19; quartil 2: 1,36; IC 95%, 1,30-1,42; quartil 3: 1,13;
IC 95%, 1,08-1,18).

2.4.2.2 Diabetes Mellitus Materno
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Estudos realizados numa coorte (93) de 333.182 nascimentos entre 1995 a
2012 constatou que a gravidade do diabetes materno (diabetes tipo 1 preexistente >
diabetes tipo 2 preexistente > diabetes mellitus gestacional requerendo uso de
medicamentos antidiabéticos) influencia o risco de TDAH. Em comparacdo com
criancas ndo expostas ao diabetes materno, as RC ajustadas para TDAH em criancas
foram de 1,57 (IC 95%, 1,09-2,25) para exposi¢cao ao diabetes tipo 1, 1,43 (IC 95%,
1,29-1,60) para diabetes tipo 2, 1,26 (IC 95%, 1,14-1,41) para diabetes gestacional
que requer uso de medicamentos antidiabéticos e 0,93 (IC 95%, 0,86-1,01) para
diabetes mellitus gestacional que ndo requer medicamentos (ndo significativo).
Porém, o risco de TDAH néo foi associado ao diabetes mellitus gestacional tomado
como um todo (p=0,50).

Uma recente revisdo sistemética e meta-analise (94) de 2019 avaliou a
associacao entre diabetes mellitus parental e risco de TDAH na prole. Com dados de
13 estudos observacionais, contendo 5.052.736 participantes, os pesquisadores
descobriram que o diabetes mellitus pré-gestacional materno foi associado a um risco
aumentado de TDAH na prole (RC: 1,40; IC 95%, 1,31-1,50) nas andlises ajustadas.
Também foram observados riscos aumentados de TDAH na prole entre aqueles com
diabetes tipo 1 materno preexistente (RC: 1,39; IC 95%, 1,27-1,52) e diabetes tipo 1
paterno (RC: 1,20; IC 95%, 1,13-1,28) nas analises ajustadas.

2.4.2.3 Transtornos Hipertensivos da Gravidez

Os transtornos hipertensivos da gravidez [hipertensdo cronica
(essencial/secundaria), hipertensdo do jaleco branco, hipertensdo mascarada,
hipertensédo gestacional transitéria, hipertensdo gestacional e pré-eclampsia] afetam
5% a 15% de todas as gestacoes e, portanto, estdo entre as complicacdes pré-natais
mais comuns (95, 96). Getahun et al. (2013) (97), ao examinarem prontuarios de
guase 82.000 criancas de 5 a 11 anos, descobriram que criancas expostas a asfixia
ao nascimento (Apgar menor que 7 em 5 minutos), sindrome do desconforto
respiratorio neonatal e pré-eclampsia tiveram um risco significativamente maior (26%,

47% e 34%, respectivamente) de TDAH em comparagdo com criangas nao expostas.
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Esse risco aumentado permaneceu 0 mesmo em todos 0s grupos étnicos. Analises
adicionais por idade gestacional revelaram que a pré-eclampsia permaneceu um
preditor significativo de TDAH, independentemente da idade gestacional no parto. Ja
a sindrome do desconforto respiratério obteve um risco leve ou ausente de TDAH
guando avaliada nas gestacdes a termo.

Maher et al. (2018) (98), em uma revisdo sistematica e meta-analise,
concluiram que os filhos expostos a transtornos hipertensivos da gravidez tinham 30%
mais chances de ter TDAH em comparagéo com os filhos n&o expostos (RC ajustado:
1,29; IC 95%, 1,22-2,36). Examinando a associacdo entre pré-eclampsia e TDAH
isoladamente ndo fez com que a estimativa se alterasse (RC: 1,28; IC 95%, 1,22 —
1,36). As chances de TDAH aumentaram 70% quando foram avaliadas associagbes
com outros transtornos hipertensivos da gravidez (RC: 1,70; IC 95%, 1,06—2,72). No
entanto, essa diferenca de subgrupo nao foi estatisticamente significativa (p=0,24).

Dos possiveis mecanismos propostos para explicar essas associagfes, o autor
(98) hipotetiza que a disfuncdo placentéaria, associada a transtornos hipertensivos da
gravidez, pode resultar em menor perfusdo placentaria e estresse oxidativo (99). Por
sua vez, a disponibilidade subétima de nutrientes e oxigénio para o feto, atribuivel a
insuficiéncia placentaria, pode afetar o cérebro em desenvolvimento, aumentando o
risco para transtornos do neurodesenvolvimento (100, 101). Béhm et al. (2019) (102)
em um estudo avaliando o efeito de transtornos hipertensivos da gravidez no risco de
TDAH na prole, cita que as alteracées anatbmicas descritas em criancas de gestacoes
complicadas por pré-eclampsia também foram implicadas no TDAH e especula que a
via inflamatdria materna pode ser uma das principais candidatas para explicar essas

associagoes.

2.4.2.4 Infeccdo Materna

Em um estudo realizado por Mann et al. (2011) (103) para investigar a hipotese
de que infeccdo génito-urinaria materna estava associada ao aumento do risco de
TDAH, foram coletados dados do Medicaid em mulheres gravidas e seus filhos na

Carolina do Sul — EUA, nascidos de 1996 a 2002. Com dados de acompanhamento
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até 2008, casos de TDAH foram identificados no periodo escolar com base nos
diagnoésticos feitos nos arquivos do Medicaid da crianca. Das 84.721 criancas
acessadas, infeccdo génito-urindria materna foi associada a chances
significativamente aumentadas de TDAH (RC: 1,29; IC 95%, 1,23-1,35). A pré-
eclampsia também foi associada ao aumento do risco (RC: 1,19; IC 95%, 1,07-1,32).
Criancas cujas maes tiveram infec¢cao geniturinaria e pré-eclampsia tiveram 53% mais
chances de ter TDAH, em comparagcdo com aquelas que n&o tiveram exposigao.
Quando foram examinamos os diagndsticos especificos, infec¢do por clamidia/uretrite
nao-gonococica, tricomoniase, infeccdo do trato urinario e candidiase foram
associados ao aumento do risco de TDAH, enquanto infeccdo por gonorreia nao

evidenciou aumento de risco.

2.4.2.5 Corioamnionite

A corioamnionite, geralmente associada a uma resposta inflamatoria fetal, é
uma causa comum de parto prematuro (104). Em um estudo gerador de hipoteses
(105) com dados de uma coorte de nascimentos de Boston — EUA, a corioamnionite
histol6gica placentaria e o nascimento prematuro aumentaram de maneira aditiva as
chances de TDAH (RC ajustada: 2,75; IC 95%, 1,55-4,90). Essa associacao foi mais
pronunciada quando o parto prematuro foi espontaneo do que no parto prematuro
clinicamente indicado. O parto prematuro isolado, na auséncia de corioamnionite, teve

apenas uma associacdo moderada com o TDAH.
2.4.3 Fatores Neonatais:
2.4.3.1 Sexo
Estudos que examinaram o sexo como moderador da associacao entre peso
ao nascer e sintomas de TDAH produziram resultados conflitantes, conforme segue.

Um estudo de Ask et al. (2018) (106) investigou se 0 sexo moderava a

associacao entre idade gestacional ao nascer e sintomas de TDAH em criangas com
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5 anos de idade. ApOs o ajuste para fatores genéticos e ambientais, as criancas
nascidas prematuras tiveram uma pontuacdo média 0,24 desvios padrdo (DP) (IC
95%, 0,14-0,34) maior nos testes de sintomas de TDAH, em comparagdo com
criangas nascidas na semana gestacional 40. O sexo moderou a associagao da idade
gestacional com os sintomas do TDAH e a associacao pareceu ser mais forte entre
as meninas, sugerindo que as consequéncias negativas do nascimento prematuro
foram mais pronunciadas nas meninas. Eles comentaram que uma pontuacéo alta em
desatencéo pode ser um reflexo de construtos relacionados como, por exemplo, de
ansiedade, que € mais prevalente entre meninas do que meninos, uma possivel
explicacéo para a diferenca de sexos observada.

Um estudo de Murray et al. (2015) (107) identificou que nas meninas, as
dificuldades de atencéo estavam associadas a ser Pequeno para Idade Gestacional
(PIG, peso ao nascer abaixo do percentil 10), circunferéncia da cabeca menor, baixo
indice ponderal e baixo peso ao nascer em modelos ndo ajustados (RC para baixo
peso: 1,65; IC 95%, 1,26-2,17, p<0,001), mas nenhuma dessas associacdes foi
identificada em meninos. Os autores concluiram que meninas com crescimento fetal
prejudicado podem ser mais vulneraveis a certos ambientes intrauterinos subétimos,
gue aumentam o risco de dificuldades de atenc&o na infancia.

Ja Momany et al. (2017) (108) examinou associacfes entre peso ao nascer e
TDAH, e até que ponto essa associacdo foi moderada pelo sexo. O peso ao hascer
previu significativamente o TDAH, e o baixo peso ao nascer associou-se a maior taxa
de TDAH nos homens, mas ndo nas mulheres. Os resultados permaneceram
inalterados quando controlados para uma série de confundidores, incluindo idade dos
pais, uso de tabaco na gestacdo, psicopatologia comoérbida, além de outros
indicadores de saude materno-infantil durante o periodo pré-natal e neonatal. Martel
et al. (2013) (109) propbs que a Teoria da Selecdo Sexual poderia explicar por que 0s
homens tém um risco aumentado de desenvolver TDAH apdés a exposicao a fatores
de risco no inicio da vida, como o0 baixo peso ao nascer. A hipdtese € de que a
desinibicédo e a busca por sensacdes podem ser importantes marcadores de risco para
transtornos externalizantes de inicio na infancia em homens. A teoria sugere que essa

maior vulnerabilidade em homens pode ser um produto de sua maior exposicao a
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testosterona pré-natal, 0 que os torna mais suscetiveis a estressores pré-natais que
prejudicam a neurotransmissdo dopaminérgica, especialmente para aqueles com

alelos genéticos associados a fungdo dopaminérgica mais baixa.

2.4.3.2 PontuacOes de Apgar

Um estudo de base populacional mostrou que, além do nascimento prematuro
e do baixo peso ao nascer, baixos indices de Apgar, fenda oral e epilepsia materna
aumentam o risco de TDAH na vida adulta, persistindo até 40 anos apds 0 nascimento
(110). Em outro grupo de criangas extremamente prematuras, a medida de Apgar
menor do que 8 no quinto minuto foi associada ao uso de medicamentos para
tratamento do TDAH (87). Em uma meta-analise de 2016 (111) sobre associa¢cado
entre hipoxia-isquémia perinatal e TDAH, incluido 45.821 casos e 9.207.363 controles,
constatou que o0s seguintes fatores estavam associados ao TDAH: pré-eclampsia (RC:
1,31; IC 95%, 1,26-1,37), indice de Apgar menor que 7 aos 5 minutos (RC: 1,31; IC
95%, 1,12-1,54), apresentacdo pélvica/transversal (RC: 1,14; IC 95%, 1,06—1,23) e
prolapso de corddo umbilical (RC: 1,10; IC 95%, 1,06-1,15).

2.4.3.3 Hipoglicemia Neonatal

Hipoglicemia neonatal apés diabetes gestacional foi associada a déficits de
longo prazo na atencédo e disfuncéo cerebral minima. Num estudo sueco (112), 13
criangas com e 15 sem hipoglicemia neonatal foram investigadas aos 8 anos de idade
e foram comparados com 28 controles saudaveis pareados por idade. Criancas com
hipoglicemia neonatal apresentaram significativamente mais sintomas de TDAH e
disfuncéo cerebral minima do que os controles. Quatro filhos de mées diabéticas com
hipoglicemia neonatal foram avaliados pelos pais como hiperativas, impulsivas e
facilmente distraidas, mas nenhum no grupo controle (x2: 10,5; p=0,004). Atividades
eletroencefalograficas anormais nas regides fronto-temporal e fronto-parietal foram
observadas nessas criancas, 0 que € consistente com achados de criangcas com
TDAH (113).
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2.4.3.4 Score for Neonatal Acute Physiology-Il (SNAP-II)

O escore SNAP-II consiste em uma pontuagdo com base em sinais vitais
rotineiramente disponiveis e testes laboratoriais obtidos durante as primeiras 12 horas
pos-natais (114). Em uma coorte (115) de 874 criancas nascidas antes de 28 semanas
de gestacao, os escores altos no SNAP-II (>>30), presentes em 23% dos participantes,
foram associados a um risco aumentado de TDAH, tanto pelo relato dos pais (p=0,03)
como pelo relato de professores (p=0,003). Eles também encontraram associagfes
com comprometimento cognitivo (QIl, funcdo executiva, e linguagem), desfechos
neuroldgicos adversos (epilepsia, funcdo motora grossa prejudicada), disfuncéo social
(transtorno do espectro autista) e adversidades relacionadas a educacéo
(desempenho escolar baixo e necessidade de apoio educacional).

2.4.3.5 Sindrome do Desconforto Respiratorio

A sindrome do desconforto respiratério € também conhecida como doenca da
membrana hialina ou deficiéncia de surfactante. Getahun et al. (2013) (97), ao
examinarem prontuarios de quase 82.000 criancas de 5 a 11 anos, descobriram que
criancas expostas a asfixia ao nascimento (Apgar menor que 7 em 5 minutos),
Sindrome do Desconforto Respiratério neonatal e pré-eclampsia tiveram um risco
significativamente maior (26%, 47% e 34%, respectivamente) de TDAH em
comparacao com criancas ndo expostas. Analises adicionais por idade gestacional
revelaram que a pré-eclampsia permaneceu um preditor significativo de TDAH,
independentemente da idade gestacional no parto. Ja a sindrome do desconforto
respiratério obteve um risco leve ou ausente de TDAH quando avaliada nas gestacdes
a termo.

Farel et al. (116) avaliaram criangcas de MBPN, com e sem doenca pulmonar
cronica, uma complicacdo frequente da sindrome do desconforto respiratorio e da
displasia broncopulmonar. Embora ambos os grupos terem apresentado escores de

sintomatologia 1 desvio padrdo (DP) abaixo da média na Conners Hyperactivity Rating
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Scale, ndo foram encontradas diferencas significativas entre os dois grupos. Ja nas
testagens neuropsicoldgicas, criancas com doenca pulmonar crénica foram
classificadas como tendo um comprometimento atencional significativamente maior

(59%) do que as criangas com MBPN sem doenca pulmonar crénica (32%).

2.4.3.6 Displasia Broncopulmonar

Ainda h& pouca informacao disponivel sobre problemas comportamentais em
criancas com displasia broncopulmonar. Embora sejam necessarias mais pesquisas
para determinar o impacto da displasia broncopulmonar nas habilidades de atencéo,
sabe-se que essa populagdo tende a ter problemas para concentrar e manter a
atencao (117).

Um estudo prospectivo realizado por Short et al. (2003) (118) acompanhou
criancas com MBPN, com e sem displasia broncopulmonar, e com peso normal ao
nascer até os 8 anos de idade. Mais criangas com displasia broncopulmonar
receberam o diagnostico de TDAH do que as criangas com MBPN sem displasia
broncopulmonar ou nascidas a termo. Embora os pais e professores ndo tenham
conseguido diferenciar as criangas com displasia broncopulmonar como tendo mais
problemas de atencéo (pela Conners Rating Scale), diferencas significativas foram
encontradas nas tarefas de atencdo medidas por testagens neuropsicolégicas
(Continuous Performance Test) entre aquelas com displasia broncopulmonar e as
nascidas a termo. Os autores sugerem gue essa medida de atencdo aos 8 anos
poderia ser uma indicacdo precoce de déficits de atencdo que poderiam ficar mais
evidentes ao longo do tempo. Como varias criancas com displasia broncopulmonar
foram incapazes de concluir as testagens neuropsicolégicas e como as mesmas nao
foram realizadas em criancas com escores de QI abaixo de 70, isso pode ter
subestimado a gravidade das dificuldades de atencdo nessas criancas.

Gray et al. (2007) (119), numa coorte de 78 criancas com displasia
broncopulmonar nascidas com 26 a 33 semanas de gestacdo, encontraram mais
problemas internalizantes entre as com displasia broncopulmonar em idade escolar

guando comparadas com controles prematuros usando a Child Behavior Checklist
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(CBCL) preenchida pelos pais. Pouca variacdo foi encontrada nos escores da Teacher
Report Form da CBCL entre as criancas prematuras com displasia broncopulmonar.
Entretanto, quando as criangcas com displasia broncopulmonar foram comparadas
com colegas de sala de aula, diferencas significativas foram encontradas em varios
aspectos do comportamento, incluindo desatencdo (p=0,0001), comportamentos
internalizantes (p=0,01), problemas totais (p=0,001), sociais (p=0,047) e de
pensamento (p=0,047).

2.4.3.7 Ventilacdo Mecanica

Apesar de sua funcdo pretendida para proteger o cérebro de hipoxemia e
asfixia, a ventilacdo mecéanica pode ter muitos efeitos adversos no cérebro de um bebé
prematuro. Destes, podemos citar: 0 aumento da pressao intracraniana, flutuacées
nas velocidades de fluxo arterial e venoso cerebrais (120), alteracdo da hemodinamica
cerebral e da oxigenacdo devido a aspiracdo e reposicionamento rotineiro do tubo
endotraqueal necessario ao usar um ventilador (121, 122), episédios de hipocapnia e
hiperoxia associados a danos cerebrais (123), lesdo pulmonar, aumento de citocinas
inflamatorias que causam lesGes na substancia branca (124), entre outros. Tomados
em conjunto, todos esses fatores podem contribuir para danos cerebrais difusos e
sutis e afetar o processo de maturagao cerebral em bebés EBPN, o que poderia levar
ao desenvolvimento futuro de TDAH.

Estudos recentes sobre a microestrutura da substancia branca em EP
constataram que o numero de dias em ventilagdo mecanica foi um fator contribuinte
independente para a lesdo difusa da substancia branca (125, 126), o que ja foi
relacionado a um aumento na densidade de astrécitos, infiltracao capilar, indicativo de
invasdo de macréfagos, atraso na mielinizacéo e gliose em modelos animais (127).
No entanto, a associacdo entre anormalidades da substancia branca e TDAH em
neonatos prematuros submetidos a ventilacdo mecéanica prolongada necessita de
mais investigacao.

Indredavik et al. (2010) (58), num estudo de 65 adolescentes de MBPN, falhou

em encontrar associacao entre o uso de ventilagdo mecéanica no periodo neonatal e



37

sintomas de TDAH. Entretanto, um estudo realizado por Tsai et al. (2014) (128), com
um banco de dados nacional, de tamanho amostral bem maior (728 sujeitos), com
seguimento retrospectivo de 10 anos, mostrou que individuos de EBPN em ventilacao
mecanica por mais de 15 dias no periodo neonatal tiveram 1,95 vezes (IC 95%, 1,02—
3,76, p<0,05) mais chance de ter TDAH do que os bebés que usavam ventilador por

2 dias ou menos.

2.4.3.8 Retinopatia da Prematuridade

Leviton et al. (2018) (129) estudaram os antecedentes de triagem positiva para
TDAH em criangas de 10 anos de idade, nascidas EP. Pais e professores
preencheram a Child Symptom Inventory-4, que fornece informacdes sobre o0s
sintomas do TDAH com base nos critérios do Diagnostic and Statistical Manual of
Mental Disorders fifth edition (DSM-5). Os pais também informaram se um médico
havia feito um diagnéstico de TDAH e se medicacao havia sido prescrita. Os seguintes
fatores de risco apresentaram achados estatisticamente significativos: idade materna
jovem, obesidade materna, tabagismo materno, uso de magnésio para profilaxia de
convulsao, infeccdo placentaria pelo Mycoplasma sp, idade gestacional baixa, baixo
peso ao nascer, ser mae solteira, sexo masculino, ventilacdo mecéanica depois dos 7
dias de nascimento, recebimento de sedativo, retinopatia da prematuridade,
enterocolite necrosante, recebimento de antibidticos e ventriculomegalia na
tomografia cerebral. No entanto, o perfil de risco da triagem positiva para o TDAH
diferiu entre os diferentes tipos de informantes. Para explicar a variavel retinopatia da
prematuridade, os autores sugeriram que a exposicdo a um antecedente comum,
como hiperdxia relativa (130), ou a uma vulnerabilidade comum associada a uma

idade gestacional especialmente baixa (131) poderia explicar esse achado positivo.

2.4.3.9 Hemorragia Peri-intraventricular

Entre prematuros de MBPN, a hemorragia peri-intraventricular (e

presumivelmente o dano cerebral resultante (58)) e crescimento cefalico abaixo do
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normal (132) estariam associados a dificuldades atencionais. Em um estudo
prospectivo, lesbes da substancia branca detectadas por ultrassom foram associadas
com um risco 2,7 vezes maior de TDAH aos 6 anos de idade (133). Imagens de
ressonancia magnética também tém demonstrado correlatos estruturais de problemas
atencionais. Entre os adolescentes de MBPN, o estreitamento do corpo caloso e
volume reduzido de substéncia branca foram associados a dificuldades atencionais,
mas ndo a hiperatividade (134). Diffuse Tensor Imaging, que identifica a interrup¢éo
ou desorganizacdo da substancia branca, indica que anisotropia fracionada reduzida
na capsula externa e em fasciculos médio e superior esta associada a escores mais
altos de desatencédo na ADHD Rating Scale IV (135).

2.4.3.10 Leucomaléacia Periventricular

Choi et al. (2016) (136) investigou desfechos neurodesenvolvimentais de 100
criancas prematuras com leucomalécia periventricular confirmada por ressonancia
magnética cerebral e revelou associacdes significativas entre a gravidade da
leucomalacia periventricular e fungdes cognitivas e sociais adaptativas em criancas
prematuras. Das 100 criancgas, 11 tiveram problemas de atencédo/hiperatividade de
acordo com a Conners Parent Rating Scale abreviada e 26 tiveram problemas de
atencao de acordo com as pontuacdes da CBCL, mas nao foi demonstrada relacao
entre as frequéncias de problemas atencionais e os diferentes niveis de gravidade de
leucomaléacia periventricular.

Especificamente na populacdo com prematuridade/baixo peso ao nascer, uma
grande coorte australiana de 189 criancas que nasceram EP/EBPN (137) forneceu
fortes evidéncias de que essa populagéo apresenta maior risco de comprometimento
de atencdo. O grupo EP/EBPN, em comparacdo com 173 criancas nascidas a
termo/peso normal ao nascer, teve taxas significativamente elevadas de
comprometimento da atengao seletiva, sustentada, alternada e dividida, bem como de
sintomas de TDAH. N&o foram identificados efeitos significativos de género ou
gradiente de idade gestacional. Entre todos os fatores neonatais analisados neste

estudo (idade gestacional, peso ao nascer, sexo, displasia broncopulmonar,
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corticosteroides poés-natais, enterocolite necrosante, leucomalacia periventricular
cistica e hemorragia intraventricular grau 3 ou 4) apenas enterocolite necrosante
(t=2,3, p=0,026) e leucomaldcia periventricular cistica (t=-2,1, p=0,035) foram
preditores independentes de atenc¢éo seletiva prejudicada aos 8 anos de idade. Como
isso nao foi encontrado para outros dominios de atencéo, os autores concluiram que
os fatores neonatais ndo eram independentes, mas estavam relacionados e tendiam
a coexistir, e essa multicolinearidade explicaria em parte por que os preditores
selecionados ndo estavam relacionados de forma independente a outros dominios de
atencao além da atencéao seletiva. Apesar disso, a variancia explicada dos dominios
de atencédo pelos fatores de risco neonatais em conjunto foi apenas modesta (4 a
11%).

Um estudo que avaliou efeitos de longo prazo da leucomalacia periventricular
na espessura cortical e sua relacdo com anormalidades cognitivas e comportamentais
mostrou que um aumento atipico na espessura cortical pode ser responsavel por
problemas comportamentais em criancas prematuras com leucomalacia
periventricular (138). Neste estudo, os escores de problemas atencionais foram
maiores na leucomalécia periventricular e correlacionados com os incrementos da
espessura cortical nas éareas frontais direitas. Outra pesquisa sugeriu que a
localizacdo do infarto hemorragico periventricular no lobo temporal ou frontal parecia

estar relacionada a problemas comportamentais em criangas prematuras (139).

2.4.3.11 Convulsdes Neonatais

Convulsbes neonatais tém sido associadas a transtornos comportamentais de
longo prazo, incluindo o TDAH (140-142). Como essa condig&o envolve alteragdes na
funcdo do lobo pré-frontal (143, 144), postula-se que os substratos neuroldgicos
subjacentes ao TDAH possam ser permanentemente alterados por convulsdes que
ocorrem no inicio da vida. Uma grande coorte populacional de todas as criancas
nascidas na Dinamarca de 1990 a 2007, acompanhada até 2012, mostrou uma forte
associacdo entre epilepsia na infancia e desenvolvimento subsequente de TDAH,

mesmo apos 0 ajuste para fatores de risco socioecondbmicos, perinatais e histérico
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familiar de epilepsia, convulsGes febris ou transtornos psiquiatricos (145). Neste
estudo, criancas com epilepsia tiveram uma taxa de incidéncia ajustada de TDAH de
2,72 (IC 95%, 2,53—-2,91) em comparacdo com criancas sem epilepsia. Pineda et al.
(2007) (146) encontraram associagdo entre convulsbes neonatais e TDAH (RC
ajustado: 5,6; IC 95%, 1,4-22,5) em uma amostra colombiana de 200 criancas com
TDAH entre 6 e 11 anos de idade e 286 controles saudaveis. No entanto, como
discutido por Serati et al. (2017) (56) em uma revisdo sistematica do papel de
complicacBes obstétricas e neonatais no TDAH na infancia, esses dados sdo muito
fracos para tirar conclusdes definitivas sobre a associacéo entre convulsdes neonatais
e TDAH.

2.4.3.12 Circunferéncia da Cabeca

O crescimento restrito do cérebro no periodo fetal pode ser um fator de risco
para o desenvolvimento de TDAH. Alguns estudos prévios (147, 148) associam uma
circunferéncia da cabega menor ao nascimento com uma frequéncia mais alta de
sintomas de TDAH, mas outros ndo encontraram essa associacao (149). Numa
populacdo de 893 individuos, Heinonen et al. (2011) (148) encontraram que uma
menor circunferéncia da cabeca ao nascimento estava relacionada a mais sintomas
de TDAH aos 56 meses de vida. Outro estudo semelhante, de Lahti et al. (2006) (147),
encontrou uma associacdo protetora entre circunferéncia da cabeca maior ao
nascimento e TDAH. Ele também sugeriu que essa medida era um preditor mais forte
de sintomas de hiperatividade e desatencdo do que o préprio peso ao nascer (147).
Ja Murray et al. (2015) (107), em um estudo de coorte de 3.749 nascimentos nao
encontrou associacado entre parametros de crescimento pré-natal e sintomas de
TDAH, somente quando estratificou as analises por sexo. As meninas com
circunferéncia da cabeca menor estavam associadas positivamente aos problemas de
atencdo na CBCL (107). Ferrer et al. (2018) (150), em uma grande amostra
populacional encontrou associa¢fes independentes entre o0s escores z de
circunferéncia da cabeca ao nascimento e sintomas de desatengdo pelo Diagnostic

and Statistical Manual of Mental Disorders fourth edition (DSM-IV) aos 1-1,5 anos e
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aos 4 anos, enquanto que os sintomas de impulsividade e hiperatividade ndo foram
associados a nenhuma medida de circunferéncia da cabeca pré-natal, neonatal ou
pés-natal.

Em um estudo de coorte nacional dinamarqués baseado em registros sobre
circunferéncia da cabeca ao nascer e transtornos do desenvolvimento infantil (151),
microcefalia foi associada a um risco aumentado de TDAH [Hazard Ratio (HR): 1,22;
IC 95%, 1,12-1,32]. A macrocefalia foi associada a um risco ligeiramente reduzido de
TDAH (HR: 0,90; IC 95%, 0,82—0,99). A associac¢ao entre microcefalia e TDAH foi um
pouco mais forte em criancas nascidas prematuras. Essas associacdes, no entanto,
desapareceram quando foram feitas analises nos seus irmaos. Analises em criancas
normocefalicas mostraram associacdo entre menor perimetro cefalico e aumento do
risco de TDAH. Uma circunferéncia da cabeca no limite inferior da normocefalia em
comparacao com uma circunferéncia da cabeca no limite superior foi associada a um
risco aumentado de TDAH (HR: 1,52; IC 95%, 1,43-1,63), mesmo ap6s comparacdes
com os irmaos. Além disso, também existem estudos que relataram relacdes entre

pequeno volume cerebral e sintomas de TDAH (152-154).

2.4.3.13 Pequeno para a ldade Gestacional

E provavel que o crescimento fetal restrito atue na via causal do TDAH devido
a diminuicdo da nutricdo no utero, levando ao desenvolvimento cerebral perturbado e,
conseguentemente, a problemas no neurodesenvolvimento (70). Um estudo de 2015
mostrou que, entre pares de gémeos monozigoéticos, sintomas de TDAH estavam
relacionados as diferencas de peso de nascimento entre eles (70).

Em um estudo de Tanis et al. (2012) (155), 28 criancas MP e PIG, nascidas
entre 2000 e 2001, foram comparadas com 28 criancas MP, mas Adequadas para
Idade Gestacional (AIG), pareadas por idade gestacional, sexo e ano de nascimento.
Aos 8,6 anos, as criancas PIG obtiveram pontuacfes mais baixas na atencao seletiva
(p=0,026) e percepcao visual (p=0,025). A mediana do QI total das criancas PIG foi
de 94 em comparacdo com 95 nos controles (ndo significativo). O QI de desempenho

foi significativamente menor em criangas PIG (89 vs. 95, p=0,043), enquanto o QI
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verbal ndo foi (95 vs. 95). Além disso, as habilidades motoras totais (p=0,048) e as
habilidades motoras finas (p=0,021) foram piores em criancas PIG. Os autores
concluiram que as diferencas entre 0s grupos eram pequenas, sugerindo que o
comprometimento do funcionamento de criancas PIG MP é atribuivel ao fato de terem
nascido MP e nédo ao fato de serem PIG.

Em um estudo realizado por Sucksdorff et al. (2015) (156), bebés nascidos PIG
(menor ou igual a 2 DP) apresentaram risco duas vezes maior de TDAH na andlise
univariada e, apés o ajuste para fatores de confusdo, a RC foi de 1,80 (IC 95%, 1,58—
2,05). Um risco significativamente aumentado também foi observado nos grupos de
peso para a idade gestacional de -2,0 a -1,5 DP e de -1,5 a -1,0 DP, resultando em
RCs ajustadas de 1,36 (IC 95%, 1,21-1,52) e 1,14 (IC 95%, 1,04-1,24),
respectivamente. Os bebés nascidos grandes para a idade gestacional (GIG, acima
de 2 DP) tiveram risco aumentado em 1,21 vezes (IC 95%, 1,05-1,40), de acordo com
0 modelo ajustado.

No entanto, um grande estudo de coorte (157) encontrou uma associagao entre
o status PIG e problemas de atencao apenas entre meninas nascidas a termo, e outro
estudo ndo encontrou um risco aumentado de TDAH entre criancas PIG no modelo
ajustado (158).

2.4.3.14 Nutricdo Parenteral e Recuperacéo do Peso ao Nascer

Bebés prematuros, especialmente os de MBPN e EBPN, sédo suscetiveis a
falhas de crescimento na vida pés-natal se as demandas nutricionais ndo forem
atendidas. O baixo crescimento pos-natal em prematuros esta associado a desfechos
adversos no neurodesenvolvimento durante a infancia (159). A nutricdo parenteral
precoce é de suma importancia para fornecer proteina e energia apropriadas em
bebés de MBPN quando a nutricdo enteral ndo é viavel ou esta abaixo do ideal. Foi
demonstrado que o0 uso precoce da nutricdo parenteral em bebés prematuros previne
o catabolismo proteico, induz o balanco positivo de nitrogénio, diminui a perda de peso

pos-natal, reduz mortalidade, incidéncia de displasia broncopulmonar, enterocolite
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necrosante, melhora o crescimento pos-natal e possivelmente melhora os desfechos

neurodesenvolvimentais (159, 160).

2.4.3.15 Enterocolite Necrosante

Em uma coorte (161) de criancas nascidas entre 1994 e 2000 no Reino Unido,
avaliando as consequéncias a longo prazo do diagndstico de enterocolite necrosante
neonatal confirmada ou suspeita, sintomas de TDAH relatados pelos pais na Strengths
and Difficulties Questionnaire (SDQ) aos 7 anos foram associados a ocorréncia de
enterocolite necrosante no periodo neonatal na analise univariada [18/118 (15%) nos
com enterocolite necrosante vs. 462/6316 (7%) no grupo sem enterocolite necrosante;
RC: 2,24; 1C 95%, 1,34-3,72]. No entanto, como esse risco maior nao se confirmou
nas analises ajustadas, os autores concluiram gque essa associacdo com TDAH era
mediada por outras morbidades neonatais associadas a enterocolite necrosante.

Como ja relatado acima, especificamente na populagdo com
prematuridade/baixo peso ao nascer, uma grande coorte australiana de 189 criancas
gue nasceram EP/EBPN (137) forneceu fortes evidéncias de que essa populacao
apresenta maior risco de comprometimento de atencdo. O grupo EP/EBPN, em
comparacdo com 173 criangas nascidas a termo/peso normal ao nascer, teve taxas
significativamente elevadas de comprometimento da atencdo seletiva, sustentada,
alternada e dividida, bem como de sintomas de TDAH. N&o foram identificados efeitos
significativos de género ou gradiente de idade gestacional. Entre todos os fatores
neonatais analisados neste estudo (idade gestacional, peso ao nascer, sexo, displasia
broncopulmonar, corticosteroides pds-natais, enterocolite necrosante, leucomalacia
periventricular cistica e hemorragia intraventricular grau 3 ou 4) apenas enterocolite
necrosante (t=2,3, p=0,026) e leucomalacia periventricular cistica (t=-2,1, p=0,035)
foram preditores independentes de atencéo seletiva prejudicada aos 8 anos de idade.
Como isso néo foi encontrado para outros dominios de atencao, os autores concluiram
que os fatores neonatais ndo eram independentes, mas estavam relacionados e
tendiam a coexistir, e essa multicolinearidade explicaria em parte por que o0s

preditores selecionados nédo estavam relacionados de forma independente a outros
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dominios de atencdo além da atencéo seletiva. Apesar disso, a variancia explicada
dos dominios de atencao pelos fatores de risco neonatais em conjunto foi apenas
modesta (4 a 11%).

2.4.3.16 Sepse

Sepse tardia (sepse ap06s 72 horas de vida), € uma complicagéo relativamente
comum do nascimento prematuro, afetando 21% dos recém-nascidos de MBPN (162).
Num estudo prospectivo caso-controle (163), 32 criancas MP/MBPN de 6 a 9 anos
gue tiveram sepse tardia comprovada por hemocultura apds o nascimento, quando
comparadas a 18 controles pareados por idade gestacional, tiveram pior controle
atencional (DP: 0,94; IC 95%, 0,32-1,62, p=0,011) e de memdéria (DP: 0,61; IC 95%,
0,04-1,17, p=0,033) nas testagens neuropsicolégicas. No entanto, nenhuma
associacao foi encontrada para sintomas de TDAH. A maioria deles também teve
problemas motores (68%) e seu QI foi consideravelmente menor do que nos controles
(89 vs. 98).

Ja4 em uma coorte regional de 110 crian¢cas nascidas MP na Nova Zelandia
(164), infeccdo neonatal confirmada aumentou o risco para problemas de
neurodesenvolvimento aos 9 anos de idade (risco relativo de 1,4 a 3,1, comparado
aos ndo-infectados). Mesmo ap0s 0 ajuste para sexo, restricdo de crescimento
intrauterino, idade gestacional ao nascimento, suporte inotropico e risco social da
familia, a infeccdo neonatal permaneceu um preditor independente significativo de
TDAH (RC: 3,6; IC 95%, 1,6-8; p=0,001), comprometimento motor grave (RC: 3,3; IC
95%, 1,3-8; p=0,01) e, marginalmente, atraso cognitivo (RC: 2,0; IC 95%, 1-3,9;
p=0,05). Eles também descobriram que uma infec¢ao suspeita apresenta menos risco
ao desenvolvimento do que uma infeccado confirmada. Outro estudo (84) constatou
que bebés EP com niveis sanguineos elevados de proteinas relacionadas a
inflamacé&o tinham maior probabilidade de apresentar problemas de comportamento

aos 24 meses de idade, sendo déficits de atencdo os mais comuns.
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2.4.3.17 Tempo de Internacao Hospitalar

Uma longa permanéncia do bebé MP/MBPN no hospital, influenciada
principalmente pela idade gestacional ao nascimento e pelas suas condi¢fes clinicas
(165), pode expb-lo a riscos associados ao ambiente hospitalar. I1sso inclui luzes
brilhantes, excesso de barulho, infec¢cdes hospitalares, exposi¢cao a produtos quimicos
por meio de equipamento médico, interacdo social restrita entre pais e bebé (166,
167), que séo importantes para os desfechos neurocomportamentais a longo prazo
nessa populacédo (167). O estresse relacionado a dor neonatal prediz espessura
cortical aos 7 anos de idade em criancas nascidas muito prematuras (168) e esta
relacionado a problemas de neurodesenvolvimento (169, 170). Comparados com
bebés menos expostos ao estresse, bebés prematuros com niveis mais altos de
exposicdo ao estresse apresentam alteracdes na estrutura do cérebro quando
atingem a idade equivalente ao bebé nascido a termo (171). A inflamacé&o crénica
pode ser uma possivel mediadora, uma vez que altos niveis sustentados de citocinas

pro-inflamatorias estdo associados a problemas de neurodesenvolvimento (172).

2.5 MODELOS DE PREDICAO E CALCULADORAS DE RISCO

Nas ultimas décadas, varias areas da medicina comecaram a elaborar modelos
preditivos para avaliar como uma combinacéo de fatores de risco e protecéo influencia
o risco de desenvolver doencas (173). A partir desses modelos, € possivel construir
calculadoras de risco, que permitem ao clinico inserir variaveis relevantes e estimar a
probabilidade de um determinado resultado ocorrer durante um determinado periodo.
Uma das calculadoras de risco mais conhecida € a Framingham Risk Score (174), que
€ usada para estratificar o risco de doenca cardiovascular apés um periodo de 10
anos. Ela apresenta boa discriminacdo (area sob a curva, (em inglés, AUC) de 0.763
para homens e 0.793 para mulheres) e calibracdo, possibilitando assim intervir
adequadamente para diminuir o risco.

Apesar de ainda ser limitado, o desenvolvimento desses modelos em

psiquiatria tem aumentado nos ultimos anos. Uma recente revisao sistematica de
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Bernardini et al. (2017) (175) mostrou que é viavel desenvolver modelos de predicéao
de risco para transtornos psiquiatricos. Essa revisdo encontrou 24 estudos que
desenvolveram modelos de predicdo para transtornos psicéticos, 12 para transtorno
depressivo maior, 4 para transtorno de estresse pos-traumatico, 2 para transtorno de
ansiedade generalizada e 1 para transtorno bipolar. De maneira geral, os autores
encontraram bons resultados, principalmente para transtornos psicoticos.

N&o temos conhecimento de tentativas anteriores de criar uma calculadora de
risco para prever o diagnéstico de TDAH em recém-nascidos MP/MBPN. Um estudo
de Scwenke et al. (2018) (176) usou caracteristicas de gravidez e nascimento para
prever o TDAH em uma coorte hospitalar de nascimentos, mas ndo se concentraram
na populacdo MP/MBPN. Neste estudo, apenas o tabagismo e o indice de Apgar 1
minuto apds o nascimento foram preditores de TDAH no modelo de regresséo
logistica multivariavel. O tabagismo durante a gravidez apresentou uma RC de 2,63
(IC 95%, 1,39-4,97), e um maior indice de Apgar foi associado a um menor risco de
TDAH na crianga (RC: 0,76; IC 95%, 0,61—-0,94). Nao foram encontradas associa¢des
significativas com o desenvolvimento posterior de TDAH para os escores de Apgar
aos 5 e 10 minutos apds o trabalho de parto, modo de parto, nivel educacional da
mae, numero de gravidezes, aleitamento materno, uso de alcool durante a gravidez,
idade no momento do trabalho de parto, peso ao nascer, valor do pH da artéria
umbilical ou duracdo da gravidez. No entanto, este estudo teve um seguimento de
apenas 15,4% e varios fatores de risco e desfechos potenciais foram coletados
retrospectivamente com base em questionarios enviados a mae. Para o TDAH, por
exemplo, foi perguntado a mée apenas se sabia que seu filho tinha um diagnostico de
TDAH e se a crianca estava tomando medicacdo para a doenca. Nenhuma
calculadora de risco foi desenvolvida neste estudo.

Em outro estudo, Caye et al. (2019) (177) desenvolveram uma calculadora de
risco baseada em caracteristicas da infancia para prever TDAH na vida adulta, com
desempenho satisfatério (AUC: 0,82 (IC 95%, 0,79-0,83). Esta calculadora de risco
incluiu os seguintes preditores: sexo, status socioecondémico, familia monoparental,
sintomas de TDAH, transtornos disruptivos comérbidos, maus-tratos na infancia,

depressédo materna e Ql.
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Em suma, a prematuridade e o baixo peso ao nascer séo problemas de saude
publica muito significativos, dada a sua prevaléncia, mortalidade e morbidade,
especialmente nos individuos MP/MBPN. A ocorréncia aumentada de fatores de risco
entre 0s pacientes prematuros ou com muito baixo peso ao nascer para 0O
desenvolvimento de TDAH provavelmente reflete mais um somatorio de complicacbes
observadas durante a gestacdo, durante o parto ou no periodo neonatal do que um
fator de risco independente. Desta forma, o papel de cada um dos fatores de risco
para TDAH na populagdo de MP/MBPN necessita ser esclarecido. Até o momento
ainda nao existem modelos preditivos que avaliem o peso que cada fator pré-natal ou
neonatal exerce no risco de desenvolvimento de TDAH, nem calculadoras para

quantificar esse risco.
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4. JUSTIFICATIVAS

a)

b)

As taxas de prematuridade/baixo peso ao nascer tém se mantido altas em
todo mundo. Além disso, 0 progresso alcancado em neonatologia tem
permitido que recém-nascidos MP/MBPN tenham cada vez mais chances
de sobreviver, mantendo as prevaléncias desta populacdo em alta nas

Ultimas décadas.

A populacao de recém-nascidos MP/MBPN parece ter chances maiores de
desenvolver problemas atencionais quando comparada a recém-nascidos a
termo, entretanto ainda ndo ha meta-analise desenhada especificamente
para avaliar o diagndstico categorico bem estabelecido de TDAH nesta

populacao.

Varios fatores de risco associados a prematuridade/baixo peso ao nascer
tém sido implicados no desenvolvimento de TDAH, entretanto a maioria
destes foram avaliados individualmente. Ainda ndo ha estudo que
guantifique o possivel peso que cada fator de risco pré-natal ou neonatal

exerce no desenvolvimento futuro de TDAH em recém-nascidos MP/MBPN.

d) A prevaléncia de TDAH é a mais alta entre os transtornos psiquiatricos

f)

externalizantes da infancia e adolescéncia, causando varios prejuizos ao

individuo, a familia e a sociedade.

N&do h& até o momento instrumentos disponiveis para predizer o risco

individualizado que recém-nascidos MP/MBPN tém de desenvolver TDAH.

Uma melhor compreensao do papel destes fatores de risco pode levar a

estratégias de prevencéo e intervencao precoce.
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5. OBJETIVOS

5.1 OBJETIVO GERAL

O objetivo geral desta tese de doutorado é de estabelecer o risco que criangas
MP/MBPN tém de desenvolver o diagnostico de TDAH e investigar a influéncia dos
fatores de risco associados a prematuridade/baixo peso ao nascer para 0
desenvolvimento de TDAH. Por fim, produzir um instrumento para predizer o risco

individualizado que recém-nascidos MP/MBPN tém de desenvolver TDAH.

5.2 OBJETIVOS ESPECIFICOS

Artigo 1: Attention-Deficit/Hyperactivity Disorder and Very Preterm/Very Low
Birth Weight: A Meta-analysis
Objetivo Primério:

a) Verificar o risco de individuos que nasceram MP/MBPN receberem um
diagnéstico categérico de TDAH obtido por instrumentos diagnosticos
validados.

Objetivos Secundarios:

a) Examinar nessa populagéo o diagnostico de TDAH de acordo com escalas
de classificacdo dimensional validadas.

b) Descrever as caracteristicas pré-natais e neonatais mais frequentemente
encontradas em individuos MP/MBPN que podem estar associados a
ocorréncia de TDAH.

Artigo 2: Predicting Attention-Deficit/Hyperactivity Disorder in Very
Preterm/Very Low Birth Weight Newborns

a) Desenvolver um modelo preditivo multivariavel e criar uma calculadora de

risco individualizada on-line para ajudar os médicos a identificar, entre os

recém-nascidos MP/MBPN, aqueles com maior probabilidade de ter TDAH

no futuro usando preditores que sdo usualmente disponiveis ao nascimento.
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6. CONSIDERACOES ETICAS

Este projeto foi financiado pelo Programa de Transtornos de Déficit de
Atencao/Hiperatividade do HCPA e pelo Fundo de Incentivo a Pesquisa e Eventos do
mesmo hospital.

O projeto desta pesquisa foi submetido e aprovado pelo Grupo de Pesquisa e
P6s-Graduacéo e pelo Comité de Etica em Pesquisa do HCPA (nimero 15-0384) e
foi registrado na Plataforma Brasil (nimero CAAE: 46376115.1.0000.5327). N&o
houve prejuizo a assisténcia ao paciente em momento algum. O Termo de
Consentimento Livre e Esclarecido assinado pelos participantes pode ser encontrado
no ANEXO 9.3.



68

7. ARTIGOS

7.1 ARTIGO 1

Titulo: Attention-Deficit/Hyperactivity Disorder and Very Preterm/Very Low Birth
Weight: A Meta-analysis

Status: Aceito em outubro de 2017, publicado em janeiro de 2018 na revista
Pediatrics. Fator de Impacto: 5,417 (2018).

Citacado: Franz AP, Bolat GU, Bolat H, et al. Attention-deficit/hyperactivity disorder
and very preterm/very low birth weight: a meta-analysis. Pediatrics.
2018;141(1):e20171645. DOI: https://doi.org/10.1542/peds.2017-1645.

Versdo do manuscrito publicada:

Attention-Deficit/Hyperactivity Disorder and
Very Preterm/Very Low Birth Weight: A Meta-analysis

Adelar Pedro Franz, MD,2 Gul Unsel Bolat, MD,? Hilmi Bolat, MD,¢ Alicia Matijasevich,
MD, PhD,¢ In4 Silva Santos, MD, PhD,¢ Rita C Silveira, MD, PhD,f Renato Soibelmann
Procianoy, MD, PhD,’ Luis Augusto Rohde, MD, PhD,%" Carlos Renato Moreira-Maia,
MD, PhD?2

Affiliations:

a Graduate Program in Psychiatry, Federal University of Rio Grande do Sul, Porto
Alegre, Rio Grande do Sul, Brazil;
b Department of Child and Adolescent Psychiatry, Faculty of Medicine, Ege University,

Izmir, Turkey;



69

¢ Department of Medical Genetics, Faculty of Medicine, Ege University, Izmir, Turkey;
dDepartment of Preventive Medicine, School of Medicine, University of Sdo Paulo, Sdo
Paulo, Brazil;

¢ Graduate Program in Epidemiology, Federal University of Pelotas, Pelotas, Rio
Grande do Sul, Brazil,

fNeonatology Section, Department of Pediatrics, Hospital de Clinicas de Porto Alegre,
Federal University of Rio Grande do Sul, Porto Alegre, Rio Grande do Sul, Brazil,

9 Department of Child and Adolescent Psychiatry, Hospital de Clinicas de Porto Alegre,
Federal University of Rio Grande do Sul, Porto Alegre, Rio Grande do Sul, Brazil,

h National Institute of Developmental Psychiatry for Children and Adolescents, S&o

Paulo, Brazil.

Address correspondence to: Carlos Renato Moreira-Maia, Graduate Program in
Psychiatry, Federal University of Rio Grande do Sul, Porto Alegre, Brazil, Rua Ramiro
Barcelos, 2350, 400 N, Bairro Santana, Porto Alegre, Rio Grande do Sul, Brazil,
(crm.maia@gmail.com), 90035-003.

Short title: ADHD and VLBW Infants.

Funding Source: The Fundo de Incentivo a Pesquisa e Eventos (FIPE) - Hospital
de Clinicas de Porto Alegre and Programa de Transtornos de Déficit de Atencéo e
Hiperatividade - ProDAH - Hospital de Clinicas de Porto Alegre supported the
study.

Financial Disclosure: Carlos Renato Moreira-Maia, Alicia Matijasevich, and Ina S.
Santos receive financial research support from a Brazilian government agency:
Conselho Nacional de Desenvolvimento Cientifico e Tecnologico (CNPq). Luis
Augusto Rohde receives financial research support from both CAPES and CNPq. The

remaining authors have no financial relationships relevant to this article to disclose.



70

Conflict of Interest: Carlos Renato Moreira-Maia received fees for the development
of educational materials for Novartis, Libbs, and Pfizer, and served as a consultant to
or on the speakers’ bureau of Novartis and Shire. CRMM also received travel awards
from the Health Technology Assessment Institute (IATS), Federal University of Rio
Grande do Sul (UFRGS); and travel, accommodation and registration support to the
fourth and fifth World Congress on ADHD from the World Federation of ADHD. Luis
Augusto Rohde has received grant or research support from, served as a consultant
to, and served on the speakers’ bureau of Eli Lilly and Co., Janssen, Medice, Novartis,
and Shire. The ADHD and Juvenile Bipolar Disorder Outpatient Programs chaired by
Dr. Rohde have received unrestricted educational and research support from the
following pharmaceutical companies: Eli Lilly and Co., Janssen, Novartis, and Shire.
Dr. Rohde has received travel grants from Shire to take part in the 2015 WFADHD

congress. The other authors have no conflicts of interest to disclose.

Systematic Review Registration: PROSPERO 2016: CRD42016049421
(http://www.crd.york.ac.uk/PROSPEROQO/display record.asp?ID=CRD42016049421).

Abbreviations:

ADHD: Attention-Deficit/Hyperactivity Disorder
CBCL: Child Behavior Checkilist

ClI: Confidence Interval

DSM: Diagnostic and Statistical Manual of Mental Disorders
ELBW: Extremely Low Birth Weight

EP: Extremely Preterm

H/I: Hyperactivity/Impulsivity

ICD: International Classification of Diseases
LBW: Low Birth Weight

NBW: Normal Birth Weight

NOS: Newcastle-Ottawa Scale

OR: Odds Ratio



71

PRISMA: Preferred Reporting Items for Systematic Reviews and Meta-Analysis
SDQ: Strengths and Difficulties Questionnaire

SMD: Standard Mean Difference

VLBW: Very Low Birth Weight

VP: Very Preterm

WHO: World Health Organization

Table of Contents Summary: This meta-analytic study documents that Very
Preterm/Very Low Birth Weight have a higher risk of later Attention-

Deficit/Hyperactivity Disorder defined both categorically and dimensionally.

Contributor’s Statement Page:

Adelar Pedro Franz conceptualized and designed the study, helped in data
collection and drafted the initial manuscript.

Gul Unsel Bolat, Hilmi Bolat, Rita C Silveira and Renato Soibelmann Procianoy
Alicia Matijasevich, and Ina Silva Santos helped in data collection and critically
reviewed the manuscript.

Luis Augusto Rohde conceptualized and designed the study, helped in data
collection and critically reviewed the manuscript.

Carlos Renato Moreira-Maia conceptualized and designed the study, helped in
data collection, carried out the analyses and reviewed the manuscript.

All authors approved the final manuscript as submitted and agree to be
accountable for all aspects of the work.



72

Abstract

Context: Although Very and Extremely Preterm (VP/EP) and Very and Extremely Low
Birth Weight (VLBW/ELBW) newborns seem to have a higher risk of later Attention-
Deficit/Hyperactivity Disorder (ADHD), the magnitude of the risk is not well-defined.

Objective: To systematically review and meta-analyze the risk of VP/VLBW and
EP/ELBW individuals to develop ADHD categorical diagnosis/dimensional

symptomatology compared to controls with normal weight and/or birth age.

Data Sources: PsycINFO, MEDLINE, EMBASE, and Cochrane databases.

Study Selection: Cross-sectional, prospective or retrospective studies with no time or

language restriction.

Data Extraction: Independent reviewers screened and extracted data using

predefined standard procedures.

Results: Twelve studies (n=1,787) relying on categorical diagnosis showed that both
VP/VLBW and EP/ELBW subjects have a higher ADHD risk (OR: 3.04 higher than
controls; 95% CI, 2.19-4.21). Subgroup analyses demonstrated that the more extreme
the cases, the higher the ORs (VP/VLBW, OR: 2.25; 95% CI, 1.56-3.26; EP/ELBW,
OR: 4.05; 95% CI, 2.38-6.87). Twenty-nine studies (n=3,504) contributed data on
ADHD symptomatology and found significant associations with Inattention (SMD: 1.31;
95% ClI, 0.66-1.96), Hyperactivity/Impulsivity (SMD: 0.74; 95% CI, 0.35-1.13), and
combined symptoms (SMD: 0.55; 95% CI, 0.42-0.68) when compared to controls.

Limitations: Heterogeneity was significantly high for all analyses involving the three
ADHD dimensions.
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Conclusions: Our results provide evidence that VP/VLBW subjects have an increased
risk of ADHD diagnosis and symptomatology compared to controls and these findings
are even stronger in the EP/ELBW group. Future research should address which
prematurity/low birth weight-related risk factors lead to ADHD.
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INTRODUCTION

Prematurity is an important public health issue due to its high prevalence rates
and related morbidity and mortality (1). In 2010, the worldwide prevalence of preterm
births was estimated at 11.1% (14.9 million), and a significant amount of these were
born Very Preterm (10.4%, 1.6 million) and Extremely Preterm (5.2%, 0.78 million) (2).

Preterm or low birth weight children seem to have more cognitive and
psychiatric disorders, as well as an increased risk of Attention-Deficit/Hyperactivity
Disorder (ADHD) (3). ADHD is a neurodevelopmental disorder characterized by a non-
episodic pattern of inattentive and/or hyperactive/impulsive symptoms, occurring more
frequently than expected for the patient’s age (4). The worldwide ADHD prevalence is
estimated between 3.4 (5) and 5.3% (6) in children and adolescents, and the disorder
can persist over time, with an adult prevalence rate of about 2.5% (7). Compared to
those with typical development, children and adolescents affected by ADHD frequently
present lower educational achievement and self-esteem and higher levels of social
impairment, antisocial behavior, and substance abuse, as well as greater involvement
in criminal activities and traffic accidents (8, 9).

Some studies suggest a gradient correlation, where the higher the level of
prematurity/low birth weight, the higher the ADHD prevalence (10) or risk (11, 12).
Thus, Very Preterm (VP)/Very Low Birth Weight (VLBW) and Extremely Preterm
(EP)/Extremely Low Birth Weight (ELBW) individuals represent the highest risk groups
for ADHD. There is also evidence from a longitudinal prospective cohort study (13) that
ADHD diagnosis is more stable in these groups from childhood through adulthood than
in term-born individuals.

Despite the data suggesting that VP/VLBW and/or EP/ELBW is clinically
relevant to ADHD, no meta-analysis specifically designed to address the risk of
VP/VLBW to develop ADHD has been published. Moreover, the very few meta-
analyses evaluating associations between more general neurodevelopmental
disorders and prematurity/low birth weight present significant shortcomings. A previous
meta-analysis (14) of the cognitive and behavioral outcomes of preterm-born school-

aged children limited the search to case-control studies and excluded articles
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evaluating primarily Low Birth Weight (LBW) children. In addition, the small number of
included studies (7 samples from 6 studies) makes its results less robust. This study
showed that children born preterm had a 2.64-fold increased risk for ADHD and
frequently manifested externalizing symptoms by the time they reached school age. In
another meta-analysis (15), VP/VLBW children’s academic achievement, behavioral
and executive functioning were evaluated, but its literature search was limited to a 10-
year span, which could exclude relevant studies. The authors noted that the small
number of studies limited the power of some correlational analyses, and they also
detected potential publication bias in studies on teacher ratings of behavioral problems.

Although a definitive ADHD etiology has not yet been elucidated, a multifactorial
interplay of genes and non-inherited factors are implicated in its causal pathway (16).
Several pre-/perinatal factors and preterm morbidities (e.g., necrotizing enterocolitis,
periventricular hemorrhage, leukomalacia, bronchopulmonary dysplasia, neonatal
chronic lung disease, low Apgar score, white matter injury, slow head growth, etc. (17))
may play a significant role in the etiology of ADHD in premature individuals.

We conducted a systematic review and meta-analysis on the effects of
VP/VLBW on ADHD diagnosis and dimensional symptoms. The primary aim of our
study was to verify the risk of VP/VLBW and EP/ELBW subijects to be diagnosed with
ADHD obtained by validated diagnostic instruments. Our second aim was to examine
ADHD diagnosis according to validated dimensional rating scales. Additionally, we
sought to describe the most frequent perinatal characteristics, such as
clinical/neurological comorbidities found in VP/VLBW subjects that might be
associated with the occurrence of ADHD. We hypothesized that there would be a
strong and clinically relevant risk of VP/VLBW children, adolescents, and adults to

develop categorically- and dimensionally-defined ADHD.

METHODS

Eligibility Criteria
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Studies included in this systematic review were peer-reviewed cross-sectional,
prospective (including cohorts) or retrospective follow-up studies of subjects diagnosed
with ADHD or dimensional symptoms and VP, VLBW, EP or ELBW. The search
parameters included no initial cutoff date, and the final search was performed in April

2017. No publication language was ruled out.

Participants

We included studies with children, adolescents, and adults where one or more
of the following conditions were assessed: VP, VLBW, EP or ELBW. Premature/low
birth weight individuals must have been compared with a control group of subjects born
near or at normal birth weight (NBW) (22,500 g) or near, at, or over 37 weeks of
gestational age. Categorical ADHD diagnosis must have been established according
to DSM-III, DSM-III-R, DSM-IV, or DSM-5 criteria, and Hyperkinetic Disorder (HKD)
diagnosis was also accepted according to ICD-9 or ICD-10 criteria. Clinical
assessment must have been performed either with validated diagnostic instruments
(Online Appendix, Figure 1) or with validated scales for assessing ADHD symptoms
and questions addressing other pertinent DSM or ICD criteria. To select adequate
instruments to assess ADHD dimensionally, we accepted a list of scales included in a
recently published Cochrane meta-analysis on the dimensional diagnosis of ADHD
(18), added by two other instruments: the Child Behavior Checklist (CBCL) Attention
Problem scale and the Hyperactivity scale of the Strengths and Difficulties
Questionnaire (SDQ). These scales were included since they are part of the two best-
known instruments for assessing psychopathology in children and adolescents, and
their accuracy has been tested for ADHD symptomatology (19) (Online Appendix,
Figure 2).

Information Sources

The bibliographic search included the PsycINFO, MEDLINE, EMBASE, and

Cochrane databases. The search strategy for each database can be found in the
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Online Appendix, Figure 3. Hand searches for published, unpublished and ongoing
studies were performed by reviewing the bibliography section of the included full texts.
We also e-mailed the most productive researchers in the field to obtain information on
any ongoing or unpublished studies. If the author did not respond after two weeks, a

second e-mail was sent.

Study Records

Data management. The studies were uploaded to the Covidence production

platform (https://www.covidence.org/), where duplicates were identified and manually

excluded. The data were extracted to a Google spreadsheet according to predefined
criteria (described in this section) and independently entered by two authors.
Selection Process. The two-step online selection process began with title and
abstract screening: three independent reviewers (A.P.F., G.U.B., and H.B) read the
titles and abstracts, and included studies according to the inclusion/exclusion criteria.
Any discrepancies were resolved among the reviewers. An independent reviewer
(L.A.R.) acted as arbitrator whenever consensus could not be achieved. The process
concluded with full text screening: four independent reviewers (A.P.F., G.U.B., H.B.,
and C.R.M.M.) working in pairs read the full text of the studies selected in step 1 to
determine whether the inclusion criteria were met. At this point, any discrepancies were
resolved among the reviewers. A third reviewer (L.A.R.) acted as arbitrator whenever

consensus was not reached.

Data collection process:

Data were collected and double-checked by two reviewers (A.P.F. and
C.R.M.M), with a third reviewer (L.A.R.) acting as arbitrator. When multiple reports from
the same group of individuals were identified, the following inclusion criteria were used:
1%) the most complete data necessary for the meta-analysis; 2"%) age range for data

collection (<18 years old); 3") larger sample size.
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Whenever necessary, the authors were contacted by e-mail to resolve questions
emerging from the extraction process or to request additional data. If no response was
received from the corresponding author, a second message was sent after two weeks.
If there was no response, we sent an e-mail to the senior author before discarding the

study from the data collection process.

Included Data

We collected the following information from each selected study: first author and
year of publication; country in which the sample was collected; place (i.e., hospital,
neighborhood, or study sample name) and year of data collection; study design;
presence of multiple births; mean age (weeks) and mean weight (grams) at birth;
gender;, mean age or age range at ADHD evaluation, severity of
prematurity/underweight (i.e., whether VP, EP, VLBW or ELBW), information source
(i.e. parents, teachers, or self-report); the name of the diagnostic instrument and ADHD
rating scale; clinical/neurological and psychiatric comorbidities.

Study Factor and Outcomes

VP and VLBW were defined as gestational age less than 32 weeks and as birth
weight less than 1,500 g, respectively (20). EP and ELBW are sub-groups of VP/VLBW
with higher degrees of prematurity/low birth weight: less than 28 weeks and less than
1,000 g, respectively (20).

The primary outcome was categorically-defined ADHD. The diagnosis could
have been established through structured diagnostic interviews with parents or adult
subjects. The same procedure was applied to ADHD rating scales filled out by subjects,

parents and/or teachers to collect data on ADHD dimensional symptoms.

Risk of Bias Assessment
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All studies included for data extraction were independently assessed for bias.
Two researchers (A.P.F. and C.R.M.M.) independently rated the studies according to
a modified version of the Newcastle-Ottawa Scale (NOS) which assesses the quality
of nonrandomized studies for systematic reviews and meta-analyses (21). A similar
procedure was used in a recent publication (22). On its original scale, a study is judged
from three major perspectives: (1) the selection of study groups, (2) the comparability
of the groups, and (3) ascertainment of either the exposure or outcome of interest for
case-control or cohort studies, respectively (21). We used only the first two
perspectives, since the third item was already part of the inclusion criteria for our review
(see Online Appendix, Figure 4). All four sub-items of the “selection” perspective could
receive a maximum score of one star, whereas “comparability” could receive two stars.
Thus, each study could have received a minimum of zero (low quality and high risk of

bias) and a maximum of 6 stars (high quality, low risk of bias).

Data Synthesis

Effect sizes were calculated as odds ratio (OR) with 95% confidence intervals
(CI) for categorical data, according to the number of ADHD and non-ADHD subjects
among the VP and/or VLBW, EP and/or ELBW and controls. To avoid zero-cases, the
Cochrane Collaboration-recommended approach of including 0.5 was applied (23). For
rating scales with continuous data, we calculated the standardized mean difference
(SMD) with 95% CI. Given the expected diversity of methodology in the studies, we
used the DerSimonian and Laird's random-effects models (24), which incorporate the
effect of heterogeneity in the overall result to estimate the pooled effect sizes for both
categorical and dimensional variables. When studies provided data from more than
one information source (i.e. parents, teacher, and patients), a priori preference was
given to parent data. To evaluate the effect of individual studies on effect size, the
jackknife method was applied. Jackknife sensitivity analysis is a common procedure
used in meta-analysis to test the stability of the outcomes. This is done by recalculating
the effect size by removing a different study each time and then repeating the analyses

(25). Heterogeneity was assessed with the |2 statistic. To further evaluate the effects
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of heterogeneity, we performed meta-regression analyses, examining the effects of
age, article quality, the occurrence of multiple births, information source, country and
rating scale. For the final multivariate meta-regression model, we selected only those
co-variables associated with a p<0.2 in univariate analyses (26). In addition, we
evaluated publication bias using Egger’s statistical test (27). Meta-analysis was
computed in the R software meta-package (version 4.7-0) (28). Meta-regression

analyses were performed in STATA 13.0.

RESULTS

Of 519 references identified in the literature search, 34 studies were included in
the final analysis. Figure 1 presents the PRISMA (Preferred Reporting Items for
Systematic Reviews and Meta-Analysis) (29) trial selection flowchart. Studies included
in the final analysis are reported in Table 1 (Characteristics of studies included as
categorical ADHD diagnosis for VP/VLBW or EP/ELBW) and Table 2 (Characteristics
of studies included as ADHD rating scales with continuous data for VP/VLBW or
EP/ELBW). The 94 full texts excluded from the final analysis and the reasons for their
exclusion can be found in Online Appendix, Table 6. The most frequent reason for
eligibility phase exclusion was “Measure not assessing/deriving strictly DSM/ICD
ADHD diagnosis or dimensional scores” (N=37) (the list of instruments accepted for
inclusion can be found in Figures 1 and 2 of the Online Appendix). E-malil
correspondence with the most productive researchers in the field identified no ongoing
or unpublished studies.

Seven studies (13, 30-35) were entered as both diagnostic instruments
(categorical data) and rating scales (continuous data) in the meta-analysis. The
EPICure Study was entered in both dimensional and categorical analyses, since the
same population was assessed in different times and with distinct evaluation methods:
Samara 2008 (36) (dimensional) and Johnson 2010 (37) (categorical). The same was
done for the Central-West Canadian Cohort: Boyle 2011 (38) (dimensional) and Van
Lieshout 2015 (39) (categorical). Woodward 2016 (35) was also entered in both

categorical and dimensional analyses, since information from the dimensional scale,
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Strengths and Difficulties Questionnaire (SDQ), was collected from the subjects at 2
years of age, and categorical diagnosis was performed at 9 years of age with the
Development and Well-being Assessment (DAWBA). One publication (33) included
two cohorts, but data were only available under request from the 2004 Pelotas cohort
data managers. The “Rainbow Babies and Children's Hospital” name was given to two
different cohorts. The participants were born between 1977 and 1979 for one (40), and
between 1992 and 1995 for the other (41).

Twelve studies involving 1,787 subjects were included in the categorical
diagnosis analysis. Subject mean age and birth weight ranged from 26 (34) to 30.6
(13) weeks, and from 818 (34) to 1320 g (13), respectively. Eight studies (13, 30, 32-
35, 37, 42) reported patient assessment during childhood, three during adolescence
(31, 43, 44), and one during adulthood (39). Five studies reported female
predominance (32, 34, 39, 43, 44), 4 studies reported male predominance (13, 31, 35,
42), and 3 studies (30, 33, 37) did not report on gender.

Twenty-nine studies (3,504 individuals) were included for analysis of ADHD
symptomatology according to ADHD rating scales. The age and birth weight ranged
from 24.9 (45) to 31 weeks (46) and from 719 (47) to 1320 g (13), respectively. Twenty-
three studies assessed ADHD during childhood (13, 30, 32-36, 41, 45, 46, 48-60), four
during adolescence (31, 47, 61, 62) and two during adulthood (38, 40). We again found
a predominance of females in the 15 studies (32, 34, 38, 40, 41, 46, 47, 51-54, 56-58,
61).

In both the categorical (Table 1) and the dimensional (Table 2) studies,
clinical/neurological correlates and psychiatric comorbidities were only sporadically
reported, so no further analysis could be performed.

Prematurity/birth weight and ADHD diagnosis

We found a significant risk of both VP/VLBW and EP/ELBW subjects to develop
ADHD (pooled OR: 3.04; 95% ClI, 2.19-4.21; 1°>=17%, p=0.27), as shown in Figure 2.
The subgroup analysis demonstrated that the more extreme the case, the higher the
OR: VP/VLBW, OR: 2.25 (95% Cl, 1.56-3.26), 1°=0%, p=0.82 and EP/ELBW, OR: 4.05
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(95% ClI, 2.38-6.87), 1°>=34%, p=0.21. The subgroup analysis according to raters
showed an OR: 3.13 (95% ClI, 2.10-4.68), 1°=27%, p=0.20 for parents, and OR: 2.53
(95% CI, 1.31-4.89), 1°=0%, p=0.41 for patients (Online Appendix, Figure 5). No
potential publication bias was found in this group of studies according to Egger’s test,
t=0.89 (p=0.39).

The sensitivity analysis is presented in the Online Appendix, Table 1. In the
EP/ELBW group, the procedure did not change the OR significantly, but the exclusion
of Burnett 2014 (43) and Scott 2012 (34) dropped the heterogeneity from 34% to 0%
(p=0.50). In the overall analysis, there was no significant change in the OR, but the
heterogeneity dropped from 17% (p=0.27) to 0% (p=0.56 and p=0.85) with the
exclusion of Breeman 2016 (13) and Scott 2012 (34) respectively.

Prematurity/birth weight and ADHD symptomatology

The forest plot of the overall pooled SMD for inattention, H/lI, and combined
symptoms are presented in Figures 3 through 5. Compared to controls, the SMD was
significantly higher for H/I (SMD:0.74; 95% CI, 0.35-1.13; 12=95%, p<0.01), inattention
(SMD: 1.31; 95% CI, 0.66-1.96; 12=97%, p<0.01), and combined symptoms (SMD:
0.55; 95% ClI, 0.42-0.68; 12=81%, p<0.01), since no intervals crossed the zero axis.
On the other hand, the comparison among the three dimensions is not significant, as
all 95% ClI are included in the same range, as demonstrated in figures 3, 4, and 5.

The overall heterogeneity was high for all three dimensions, except the
combined dimension in the VP/VLBW group (moderate 1°=54%, p<0.01). No potential
publication bias was found, as demonstrated by the Egger’s test (t=2.10; p=0.07 and
t=1.81; p=0.10 for inattention and H/I, respectively). However, a potential bias was
detected for the combined dimension (t=2.38; p=0.02).

The sensitivity analysis for the combined presentation can be found in the
Online Appendix, Table 2. The exclusion of Dahl 2006 (61) and Hack 2004 (40)
reduced the heterogeneity from moderate to low levels in the VP/VLBW group. In the

EP/ELBW group, the exclusion of Grunewaldt 2014 (51) reduced the heterogeneity
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from 90% to 72%, while the study's exclusion reduced heterogeneity in the overall
analysis from 81% (p<0.01) to 62% (p<0.01).

The most important modifications in the sensitivity analysis for H/I (Online
Appendix, Table 3), were the lack of significance in the VP/VLBW analysis with the
exclusion of Brogan 2014 (49), Hack 2004 (40), Hanke 2003 (52), Indredavik 2010
(31), and Levy-Shiff 1994 (62). The exclusion of Grunewaldt 2014 (51) reduced the
heterogeneity from 92% (p<0.01) to 0% (p=0.45) in the EP/ELBW group. Regarding
inattention (Online Appendix, Table 4), the exclusion of Brogan 2014 (49), Hack 2004
(40), and Indredavik 2010 (31) resulted in a lack of significance in the VP/VLBW
analysis. Heterogeneity dropped from high to moderate after the exclusion of
Grunewaldt 2014 (51) and Indredavik 2010 (31) in the EP/ELBW and VP/VLBW
groups, respectively. The exclusions altered neither the significance of the overall SMD

nor the heterogeneity in either dimension.

Meta-regression

A meta-regression was not performed for categorically-defined ADHD, since low
heterogeneity was found in the meta-analysis of this group.

With respect to the ADHD rating scales, we performed individual analysis for
continuous and categorical co-variables to better understand the heterogeneity. We
included one co-variable into the model at a time for each of the ADHD symptom
dimensions: age, article quality, country, occurrence of multiple births and information
source (raters). As shown in the Online Appendix, Table 5, countries reaching a flexible
p=<0.2 were to be included in a final multivariate meta-regression model; however, this

was not feasible due to the lack of additional co-variables.
DISCUSSION
This systematic review and meta-analysis evaluated the risk of VP/VLBW (and

EP/ELBW) individuals to develop ADHD, emphasizing well-defined categorical and

dimensional diagnoses, and providing evidence of robust associations. Twelve
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categorical diagnosis studies assessing a total of 1,787 subjects suggest that
VP/VLBW and EP/ELBW individuals are about 3 times more likely to be diagnosed
with ADHD than term-born controls. In the VP/VLBW group, this likelihood is
approximately doubled, whereas in the EP/ELBW group it is increased fourfold.
Furthermore, 29 studies on ADHD symptom, involving a total of 3,504 individuals,
demonstrate that both inattention and H/I symptoms are similarly associated with
VP/VLBW newborns, with large effect sizes found for the inattention and H/I
dimensions and a moderate effect size for the total symptom scores.

Previous studies have suggested similar findings. A meta-analysis of the
cognitive and behavioral outcomes of preterm-born school-aged children by Bhutta et
al. (2002) (14) also found a significantly higher risk of ADHD diagnosis in preterm
infants than controls (OR: 2.64, 95% CI, 1.85-3.78). In addition, they found that
preterm children were at significant risk of reduced cognitive performance and other
non-developmentally expected behaviors at school age. Interestingly, they found a
gradient correlation, since gestational age and birth weight were directly proportional
to the mean cognitive test scores. Moreover, Aarnoudse-Moens et al. (2009) (15), a
meta-analysis on academic achievement, behavioral problems, and executive
function, found that CBCL/TRF attention problems measured by teachers and parents
were more pronounced in VP/VLBW children than in NBW controls. They also found a
strong correlation between adverse outcomes and level of maturity at birth: smaller
and more premature children were more prone to internalizing and externalizing
behavior problems and poor academic achievement than heavier, more mature infants.

Our finding of higher ADHD risk in the EP/ELBW group than the VP/VLBW group
endorses the idea of a gradient correlation (10-12) between prematurity/low birth
weight and ADHD. Regarding the ADHD presentations, we found a similar risk for both
inattentive and H/I types. Previous investigations have reported that EP had only a risk
to develop the ADHD-inattentive type (37, 41) while others report risk for both ADHD
inattentive and H/I (37, 48). Furthermore, we found a predominance of females in the
VP/VLBW groups, although ADHD is typically associated with a high prevalence of
males in the general population (63). Several studies have suggested that preterm

born individuals with ADHD have phenotypic specificities which diverge from the non-
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premature ADHD counterparts. These include a predominance of inattention
symptoms, less psychiatric comorbidity (64, 65), higher diagnostic stability from
childhood to adulthood (13), more perinatal clinical/neurological complications, and
major disabilities (13, 15, 43, 66, 67). In addition, the preponderance of males, which
is typically seen in non-premature ADHD, was also not observed in preterm subjects
(64).

Despite the fact that both clinical/neurological and psychiatric comorbidities
were reported in some of the studies, further analyses were not possible due to the
heterogeneity of the data described. It is important to note that our findings suggesting
a robust risk of VP/VLBW subjects to develop ADHD are similar to those found in other
behavioral and psychiatric disorders. In a previous meta-analysis, Burnett et al. (2011)
(68) showed that a prevalence of any psychiatric diagnosis in preterm/LBW individuals
was 3.66 times higher (95% CI, 2.57-5.21) than NBW controls. Similarly, they found a
high risk for anxiety or depressive disorder (OR: 2.86; 95% CI, 1.73-4.73), although
the study did not provide data on ADHD or other psychiatric diagnoses. Another meta-
analysis (69) found a significant association between autism diagnosis and LBW, but
not preterm birth. The reasons for increased vulnerability to ADHD, behavioral and
psychiatric problems in preterm birth/low birth weight individuals remain unknown but
a number of hypotheses have been put forward, including pre- and post-natal
adversities, such as the environmental problems they must face, as well as parental
and biological issues such as hypothalamic—pituitary—adrenal axis dysregulations and
perinatal systemic inflammation, which could cause structural and functional brain
disorders such as ADHD and other psychiatric and developmental disorders (17, 68,
70-72).

Certain limitations should be considered when interpreting our findings. First,
potentially important articles were excluded during the eligibility phase for not using
validated diagnostic instruments or the rating scales selected in our protocol. Second,
many studies were excluded due to different data definitions (i.e. different
categorizations for prematurity/birth-weight levels). Third, although excluding grey
literature from our review may have led to the over-representation of studies with

statistically significant findings (73), a recent systematic review from the OPEN
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consortium (74) demonstrated that the exclusion of such studies has a negligible
impact on effect sizes. Fourth, the heterogeneous reporting of clinical/neurological
correlates in VP/VLBW individuals precluded us from comparing those that did and did
not develop ADHD for these variables. Fifth, substantially high heterogeneity was
found for all three ADHD dimensions, indicating that there is clinical or methodological
diversity among studies (23). It is important to note that potential explanatory variables
(age, article quality, country, occurrence of multiple births and information source)
entered in meta-regression analyses could not explain such variability. Sixth, our
analyses included studies spanning a 30-year period (1977-2007). Although the lack
of publication date limits increased the number of subjects in the analysis, the
VP/VLBW subjects might not have the same perinatal profile over time, given the
advances in care management (75). Such a limitation was also reported in Bhutta's
2002 meta-analysis (14). Moreover, we also assumed that the different classification
systems and versions (DSM-Ill, DSM-IlI- R, DSM-1V, DSM-5, ICD-9 or ICD-10) had
similar ADHD diagnostic performance. Seventh, the ADHD risk found in our meta-
analysis adequately represents the risk in high-income countries, but cannot be
generalized to middle/low-income countries. Among the 34 included studies, only the
2004 Pelotas cohort (33) came from a middle-income country. In middle/low-income
countries, the risk mechanisms could vary due to different determinant profiles (33).
As for the strengths of our review, we performed a broad literature search of cohort,
case-control, and cross-sectional studies with no language restriction, allowing us to
find a substantial number of articles. Most importantly, our strict inclusion criteria
allowed only studies with well-defined ADHD categorical diagnosis in the meta-
analyses, unlike previous systematic reviews and meta-analyses (14, 15).

CONCLUSION

In conclusion, our findings provide robust evidence that VP/VLBW individuals
have an increased risk of ADHD both in categorical and dimensional analyses, and
there is an even stronger association in the EP/ELBW group. In terms of clinical

applicability, our findings suggest that premature infants need specific neonatology,
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pediatric and psychiatric prevention and management interventions to minimize the
ADHD burden. Future research in this field should clarify specific causal determinants
associated with prematurity and low birth weight that could lead to the development of
ADHD.
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FIGURE 1: Study selection flowchart.
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TABLE 1: Characteristics of studies included as categorical ADHD diagnosis for VP/VLBW or EP/ELBW.

The

Bavarian
Longitudinal
Study
1985-1986

Breeman,
2016132

Victorian
Infant
Collaborativ
e Study
Group
(1991-1992)

Burnett,
201443

Liverpool
Maternity
Hospital,
January
1980 - June
1981

Cooke,
199944

German
y

Australi
a

26
0

21
5

87

30.6

26.6

28.6

1320

1218

1103

06/ago

17.9

13

53.1

45

46

MPI

ChIPS

CAPA

Parent
S

Subjec
t

Parent

SGA: 108 (41.5%);
Sev.D: 50 (19.2%)

MNBI: 22 (10%);
SGA: 34 (16%)
PCU: 31 (67%)

PVH: 19 (21.8%),
MCL: 2 (2.2%);
Convulsions: 7
(8%); PBC: 22

(25.2%)

NS

MDD: 28
(14%); BP: 1
(0.5%); DD:

6 (3%);

GAD: 10
(5%); Soc.P:

2 (1%);

Spe.P: 8
(4%); PTSD:
3 (1%); PD:

5 (2%);
Agoraphobia

11 (0.5%);

OCD: 4

(2%)

NS
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Hatch,
2014302

Indredavik,
201081 a

Johnson,
201037b

McNichola
s, 2015322

Murray,
201633 ac

Scott,
2012342

New York
City
metropolita
n area
University
Hospital in
Trondheim
(1986—
1988)

EPICure
Study - UK
and Ireland

(March -
December

1995)

Dublin
Maternity
Hospital
born (1995-
1996)

2004
Pelotas
Cohort

Rainbow
Babies and
Children's

USA

Norway

UK

Ireland

Brazil

USA

65

64

48

NS

29

30

26

978.0

1180

NS

1172

1500

818

03/abr

14

11

11.6

6.7

5.96

54

NS

37.5

NS

46

K-
SADS-
PL

K-
SADS-
PL

DAWB

DAWB

DAWB

P-
ChIPS

Parent
S

Parent
S

Parent

Parent
S

Parent
S

Parent
S

NS

IVH: 11 (4%)

NS

IVH: 12(18.7%),
ACU: 40 (62.5%)

NS

NS

NS

NS

Aut.D: 16
(8%); SAD:
5 (2.5%);
Spe.P: 3
(1.5%);
Soc.P: 1
(0.5%);
PTSD: 1
(0.5%);
GAD: 4
(2%); MD: 3
(1.5%);
ODD: 11
(5%); CD: 1
(0.5%); TD:
2 (1%)
ADNE: 8
(12.5%);
CD:1
(1.5%);
Asp.D: 3
(4.6%)

NS
ODD: 27

(19%)
CD: 8 (6%)
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Treyvaud,
201342

Van
Lieshout,
201539d

Woodward,
2016852

Hospital
(2001-
2003)

Victorian
Infant Brain
Studies,
2001 to
2003

Central-
west
Ontario
(1977-1982)

Christchurc
h Women’s
Hospital,
November
1998 to
December
2000

Australi
a

Canada

New
Zealand

17
7

84

22
3

27.5

27.05

27.81

975

829

1054.
4

32.02

53

37

51

DAWB

MINI

DAWB

SGA: 16 (9%),

Pa;e”t GBA: 117 (66.1%),
NDD: 9 (5.08%)
Subjec  SGA: 26 (31%);
t ACU: 46 (39%)
MSWMA:
Parent 17(17%), IVH

S Grade 3-4: 6 (6%),
SPNE: 7 (7%)

Soc. P: 9
(6%)
Spe. P: 24
(6%)

SAD: 8 (6%)

GAD: 4 (3%)
SAD: 6
(3%); Spe.
P: 7 (4%);
GAD: 4
(2%);
Depression:
1 (0.5%);
ODD: 3
(2%)
Anx.D: 14
(16.6%); AB:
7 (8.3%);
APP: 17
(20.2%);
Depression
13 (15.4%)

CD 7 (7%),
Anx.D: 7
(7%),
Depression
3 (3%),
ASD: 3 (3%)
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AB: Antisocial Behaviour; ACU: Antenatal Corticosteroid Use; ADNE: Anxiety Disorders (Not Specified); Anx.D: Anxiety Disorder; APP: Avoidant Personality Problems; ASD: Autism Spectrum
Disorder; Asp.D: Asperger's Disorder; Aut.D: Autistic Disorder; BP: Bipolar Disorder; CD: Conduct Disorder; ChIPS: Cohen-Hoberman Inventory of Physical Symptoms; DAWBA: Development and
Well-Being Assessment; DD: Dysthymic Disorder; EPICure: Extremely Premature Infants Cure; GAD: Generalized Anxiety Disorder; GBA: Global Brain Abnormality; 1Q: Intelligence Quotient; IVH:
Intraventricular Hemorrhage; K-SADS-PL: Schedule for Affective Disorders and Schizophrenia for School-Age Children-Present and Lifetime Version; MCL: Minor Cystic Leukomalacia; MDD: Major
Depressive Disorder; MINI: International Neuropsychiatric Interview; MNBI: Major neonatal brain injury; MPI: Mannheim Parent Interview; MSWMA: Moderate to Severe White Matter Abnormality;
N: Number of subjects; NDD: Neurodevelopmental Disability; NOS: Newcastle-Ottawa Scale; NS: Not stated; OCD: Obsessive—Compulsive Disorder; ODD: Oppositional Defiant Disorder; PBC:
Positive Blood Culture ; P-ChIPS: Children's Interview for Psychiatric Syndromes-Parent Version; PCU: Postnatal Corticosteroid Use; PD: Panic Disorder; PTSD: Posttraumatic Stress Disorder;
PVH: Periventricular Hemorrhage; SAD: Separation Anxiety Disorder; Sev.D: Severe Disability (1Q<2 SD, Cerebral Palsy Grade 3 or 4, or Blindness/Deafness); SD: standard Deviation; SGA: Small
for Gestational Age; Soc.P: Social Phobia; Spe.P: Specific Phobia; SPNE: Suspected or Proven Necrotizing Enterocolitis; TD: Tic Disorder; UK: United Kingdom; USA: United States of America.



2 These studies also contributed with data from ADHD rating scales for the meta-analysis of dimensional data.

b Results of this study are also reported in Samara 2008.%¢

¢ Results for the Pelotas Cohort were obtained after requirement. Contacts with the Avon Longitudinal Study of Parents and Children (ALSPAC) investigators were not successful.
4 Results of this study are also reported in Boyle 2011.%
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TABLE 2: Characteristics of studies included as ADHD rating scales with continuous data for VP/VLBW or EP/ELBW.

Anderson,
201148

Boyle,
2011382

Breeman,
2016130

Brogan,
201449

State of
Victoria
(January to
December,
1997)

Central-
west
Ontario
(2977-
1982)
The
Bavarian
Longitudinal
Study
(1985-
1986)
Premature
Infants’
Skills in
Mathematic

Australia

Canada

Germany

UK

26.5

26.8

30.6

28.6

833

835

1320

1218

8.1

23.2

06/ago

9.7

NS

43.7

53.1

55

Conner
S

Barkley
, YASR

CBCL

DuPaul
ADHD-
RS,
SDQ

Parents

Subject

Parents

Parents,
Teacher

CP:
22(12%);
IVH Grade
3-4: 7(4%);
CPL: 6(3%);
NE: 10(5%);
RP:
97(51%);
BD:
119(63%);
ACU: 166
(88%);
PCU: 70
(37%)

SGA: 35
(26.8%); NI:
23 (27%)

SGA: 108
(41.5%);
Sev. D:
50(19.2%)

NS

NS

NS

NS

NS
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Dahl,
200661

de Kieviet,
201250

Grunau,
200447

Grunewaldt
, 20145

s (PRISM)
study
(September
2001 to
August
2003)

Two
counties of
Norway
(1998-
2004)

VU
University
Medical
Center
Amsterdam
(September
, 2001 to
July, 2003)

British
Columbia’s
Children’s
Hospital
(January,
1981 to
February,
1986)
Trondheim
University

Norway

The
Netherland
[

Canada

Norway

99

66

53

31

29.3

29.3

25.8

26.1

1188

1241

719

773

13-18

7.5

17.3

10.2

CBCL,

44.4 YSR
50 CBCL
32 CBCL
ADHD-

48 RS

Parents,
subject

Parents

Parents

Parents

CP:
8(8.1%);
IVH Grade
3-4:
2(3.9%);
BD:
11(13.6%);
Sepsis:
10(10.1%);
PDA:
13(13.3%)
SGA: 18
(27.3%);
Sepsis:
42(63.6%);
BD:
19(28.8%);
IVH:
14(21.2%)
ACU: 53
(80.3%)

SGA: 9
(17%)

IVH:
11(47%);

NS

NS

NS
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Hack,
200440

Hack,
200941

Hanke,
200352

Hospital
(1999-
2001)

Rainbow
Babies and
Children's

Hospital

(1977-
1979)

Rainbow
Babies and
Children's

Hospital

(1992
1995)

Department
of
Paediatrics
in Marburg
(January,
1994 to

USA

USA

Germany

29 7 1179.5
1

26.4 810

29 1124

20

6.2

48.1

41

45

ADHD-
RS,
YASR

CSl-4

CBCL,
HKS

Sepsis:
7(30.4%);
PDA:
7(30%)
ACU: 18
(58%%)
PCU: 12
(39%)

Parents,

subject NS

BD:
93(43%);
Sepsis:
108(49%));
NE: 11(5%);
IVH or PL:
51(23%)

Parents

SGA: 11
(18.3%);
IVH:
16(26.6%);
BD:
20(33.3%)

Parents

NS

ODD:
12(6%); CD:
19(9%);
GAD:
7(3%);
MDD:
4(2%);
Aut.D:
4(2%);
Asp.D:
3(1%);
Soc.P:
16(7%);
SAD: 9(4%);
Spe. P:
108(50%)
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Hatch,
201430b

Huang,
201260

Indredavik,
201081b

Leijon,
201653

Levy-Shiff,
199462

December,
1996)
New York
City
metropolita
n area
Kaohsiung
Medical
University
Hospital
and
Kaohsiung
Municipal
Hsiao-Kang
Hospital
University
Hospital in
Trondheim
(1986—
1988)

South-east
region of
Sweden
(January,

1998 -

December,

1998)

Kaplan
Hospital
and
Beilinson
Hospital

USA

Taiwan

Norway

Sweden

Israel

20

65

51

90

NS

28.95

29

28.8

29

978.06

<1500

1180

1105

1190

03/abr

2

14

7.8

13.3

NS

64

54

37.2

NS

ADHD-
RS

DBRS-
Toddler

ADHD-
RS

CBCL

Conner
S

Parents,
Teacher

Parents

Parents

Parents

Parents

NS NS

SGA: 24
(37%); CP:
8(12%);
IVH: 11(4%)

BD:
14(27%);
RDS:
23(45%);
Sepsis:

14(28%); NS
SGA: 29
(27%);IVH:
1(2%); PL:
2(5%); RP:
2(4%)

NS NS
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Mansson,
201445

McNicholas
, 2015832b

Murray,
201633 b.c

Nadeau,
200154

Perkinson-
Gloor,
201555

EXPRESS
(April, 2004
- March,
2007)

Dublin
Maternity
Hospital
(1995-
1996)

2004
Pelotas
Cohort

Ste-Justine
Hospital
(January,
1987 -
October,
1990)
University
Children's
Hospital
Basel
(June, 2001
December,
2005)

34

Sweden 4
Ireland 64
Brazil 48
Canada 61
SWltzderIan 58

24.9

30

27.4

29.7

780

1172

<1500

1024.3

1302.1

2.5

11.6

6.7

8.2

54.7

38

NS

49

69

CBCL

SDQ

SDQ

CBCL,
TRF

SDQ

Parents

Parents,
subject,
teachers

Parents

Parents,
teachers

Parents

SGA: 62
(18%); CP:
21(6,1%);
IVH:
30(8.7%);
PL:
14(4.1%); NS
BD:
80(23.2%);
NE:
18(5.2%);
RP
115(33.4%)
ADNS:
8(12.5%);
IVH: CD:
12(18.7%) 1(1.5%);
Asp.D:
3(4.6%)
NS NS
NS NS
RDS:
45(77.6%);
AP: NS

46(79.3%);
BD: 3(5.2%)
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Samara,
200836 d

Scott,
201234b

Shum,

2008%

Stjernqvist,
199957

Sykes,
199758

Teplin,
19915

EPICure
Study
(March
through
December
1995)

Rainbow
Babies and
Children's

Hospital

(2001-
2003)

Mater
Children’s
Hospital
Southern
Swedish
population,
(1985—-
1986)
Royal
Maternity
Hospital
(1978-
1981)
Neonatal
intensive
care unit of
the
University
of North
Carolina
Hospitals,
1980

UK

USA

Australia

Sweden

Ireland

USA

65

28

<=25

26

26.4

27.1

30.4

28

740

818

838.2

1042

1272

905

5.96

07/set

10.5

7.43

6.2

50.2

46

48.8

41

41

50

SDQ

CBCL

ADHD-
RS

CBCL

TRF

Conner
S

Parents,
teachers

Parents

Parents,
teachers

Parents

Teacher
S

Parents

CP:
41(17.4%);
VM: =
76(31.5%)
ODD:
27(19%);
CD: 8(6%);
Spe.P:
NS 24(6%);
Soc.P:
9(6%); SAD:
8(6%);
GAD: 4(3%)
NS NS
SGA: 9
(15%); IVH:
13(21%); NS
BD:
11(18%)
IVH: 6(3%) NS
SGA: 10
(37%);
MSD:
3(12%); VI: NS
3(12%); HL:
2(7%)

105




Policlinico
Torrioli, Gemelli
200048 (1991-
1993)
Christchurc
h Women’s
Hospital,
November
1998 to
December
2000

Woodward,
201635 b

Italy

New
Zealand

36

22
3

31

27.81

1120

1054.4

4.9

41.6

51

Conner
S

SDQ

Parents NS

MSWMA:
17(17%),
IVH Grade
3-4: 6 (6%),
SPNE: 7
(7%)

Parents

NS

CD 7 (7%),
Anx.D: 7
(7%)1
Depression
3 (3%),
ASD: 3 (3%)
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AB: Antisocial Behavior; ACU: Antenatal Corticosteroid Use; ADHD: Attention Deficit Hyperactivity Disorder; ADHD-RS: ADHD rating scale-1V; ADNS: Anxiety Disorders (Not Specified); AP: Apnea
of Prematurity; APP: Avoidant Personality Problems; Asp.D: Asperger's Disorder; Aut.D: Autistic Disorder; BD: Bronchopulmonary Dysplasia; CBCL: Child Behavior Checklist; CD: Conduct Disorder;
CP: Cerebral Palsy; CPL: Cystic Periventricular Leukomalacia; CSI-4: Child Symptom Inventory-4; DBRS-Toddler: Disruptive Behaviour Rating Scale; GAD: Generalized Anxiety Disorder; HL:
Hearing Loss; HKS: Questionnaire of Hyperactivity Symptoms; IVH: Intraventricular Haemorrhage; MDD: Major Depressive Disorder; MSD: Mild Spastic Diplegia; MSWMA: Moderate to Severe
White Matter Abnormality; NE: Necrotizing Enterocolitis; NI: Neurosensory Impairment; NOS: Newcastle-Ottawa Scale; ODD: Oppositional Defiant Disorder; PCU: Postnatal Corticosteroid Use;
PDA: Patent Ductus Arteriosus; PL: Periventricular Leukomalacia; PTSD: Posttraumatic Stress Disorder; RDS: Respiratory Distress Syndrome; RP: Retinopathy of Prematurity; SAD: Separation
Anxiety Disorder; Sev.D: Severe disability ( IQ<2 SD, Cerebral Palsy Grade 3 or 4, or Blindness/Deafness); SDQ: Strengths and Difficulties Questionnaire; SGA: Small for Gestational Age; Soc.P:
Social Phobia; Spe.P: Specific Phobia; SPNE: Suspected or Proven Necrotizing Enterocolitis; TD: Tic Disorder; TRF: Teacher Report Form; UK: United Kingdom; USA: United States of America;
VI: Visual Impairments; VM: Ventriculomegaly; YASR: Young Adult Self-Report and Young Adult Behavior Checklist; YSR: Youth Self-Report
2 Results of this study are also reported in Van Lieshout 2015%°

b These studies also contributed with data from ADHD rating scales for the meta-analysis of categorical data.
¢ Results for the Pelotas Cohort were obtained after requirement. Contacts with the Avon Longitudinal Study of Parents and Children (ALSPAC) investigators were not successful.
4 Results of this study are also reported in Johnson 2010%
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VPIVLBW
Breeman, 2016
Cooke, 19992
Hatch, 2014
Indredavik, 2010
McNicholas, 2015
Murray, 2016
Treyvaud, 2013
Woodward, 2016
Fixed effect model

Random effects model

Preterm/LBW

Controls

Events Total Events Tofal

57 2680
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4 85
10 64
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18 177
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Heterogeneity: i#= 0%, 1 =0,p=0.82
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Burnett, 2014
Johnson, 2010
Scott, 2012

Van Lieshout, 2015
Fixed effect model
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FIGURE 2: Forest plot for ADHD diagnosis categorically defined.
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Preterm/LBW
Study Total Mean SD
EP/ELBW
Anderson, 2011 189 5220 9.30
Grunewaldt, 2014 23 800123
Hack, 2009 219 960 590
Shum, 2008 44 B66 659

Random effects model 475
Heterogeneity: I~ = 85%, v~ = 0.4849, p < 0.01

VPVLBW

Brogan, 2014 102 7.70 6.80
Hack, 2004 240 439 399
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Huang, 2012 20 890 436
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Controls
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FIGURE 3: Forest plot for ADHD inattentive symptoms.
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FIGURE 4: Forest plot for ADHD hyperactivity/impulsivity symptoms.
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FIGURE 5: Forest plot for ADHD combined symptoms.
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Amsterdam Diagnostisch Interview voor Kinderen (ADIKA)

Child and Adolescent Psychiatric Assessment (CAPA)

Cohen-Hoberman Inventory of Physical Symptoms (ChIPS)

Children's Interview for Psychiatric Syndromes-Parent Version (ChIPS-P)
Composite international diagnostic interview (CIDI)

Development and Well-being Assessment (DAWBA)

Diagnostic Interview Schedule for Children (DISC)

Diagnostic Interview for Children and Adolescents (DICA)

Diagnostic Interview Schedule for Children Version IV—Prevalence (DISC-IV-P)
Mannheim Parent Interview (MPI)

Mini-International Neuropsychiatric Interview (MINI)

Schedule for Affective Disorders and Schizophrenia for School-age children
ADHD module (K-SADS)

ONLINE APPENDIX FIGURE 1: Diagnostic instruments accepted.
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ADHD Rating Scale (ADHD-RS)

Adult ADHD Investigator System Report Scale (AISRS)
Adult ADHD Self-Report Scale (ASRS-v1.1)

Child Behavior Checklist (CBCL)

Child Symptom Inventory-4 (CSl-4)

Conners, Loney, and Milich Scale (CLAM)

Conners' ADHD/DSM-1V scales (CADS)

Conners' parent rating scale (CPRS)

Conners' teacher rating scale (CTRS)

Conners' Abbreviated rating scale (ABRS)

Conners' Abbreviated symptom questionnaire (ASQ)
Conners' Adult ADHD Rating Scales (CAARS)

Conners' Global Index for Parents (CGl-parents)

Conners' Global Index for Teachers (CGl-teacher)
Conners'-Wells Adolescent Self-Report of Symptoms Scale
Disruptive Behavior Rating Scale - Toddler (DBRS - Toddler)
Fremdbeurteilungsbogen fir Hyperkinetische Stérungen (FBBHKS)
IOWA Conners rating scale - parent

IOWA Conners rating scale - teacher

Parental Account of Children’s Symptoms (PACS)

SNAP-|IV teacher and parent rating scale.

Swanson, Kotkin, Atkins, MFlynn, Pelham Scale (SKAMP)
Strengths and Difficulties Questionnaire (SDQ)

Strengths and Weaknesses of ADHD Symptoms and Normal Behaviours
(SWAN)

Teacher Report Form (TRF)

Teacher Self-control Rating Scale (SCRS)

Teacher Self-control Rating Scale (SCRS)

The ADD/H Comprehensive Teacher Rating Scale (ACTeRS)
Vanderbilt ADHD Teacher Rating Scale (VARTRS)
Vanderbilt ADHD Diagnostic Parent Rating Scale (VADPRS)
Young Adult Self Report (YASR)

ONLINE APPENDIX FIGURE 2: ADHD rating scales accepted.
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Databases searched:
PubMed/Medline
Lilacs
Cochrane Library
PsycINFO
EMBASE
Centre for Reviews and Dissemination
ClinicalTrials.gov
Current Controlled Trials
National Research Register of Health
Trials Central - online clinical trials listings
Scopus
Web of Science

attention deficit hyperactivity disorder OR ADHD OR hyperactivity disorder
OR hyperactivity OR impulsivity OR inattention
(32 weeks OR 32 week) OR (1500g or 1500 g) AND gestat*

Very Low Birth Weight OR VLBW OR Extremely Low Birth Weight OR ELBW
OR Extremely Premature Infant OR Premature Birth OR very preterm birth

ONLINE APPENDIX FIGURE 3: Electronic database searched and search
terms used.



Newcastle-Ottawa Scale (NOS) - CASE CONTROL

Comparability

Selection (OK = 1 stars) (OK=1or2
stars)
4)
1) Definition 2) . 3) Controls Definition Total
Representativeness of
Controls
Newcastle-Ottawa Scale (NOS) - COHORT
Comparability
Selection (OK = 1 stars) (OK=1or2
stars)
3) 4)
1) 2) Selection Non- d Outcome
. Ascertainment Total
Representativeness exposed not
of Exposure
present

ONLINE APPENDIX FIGURE 4: The Newcastle-Ottawa Scale.
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Preterm/LBW
Study Events Total Events Toetal
Parents
Breeman, 2016 57 260
Cooke, 1999 19 87
Hatch, 2014 4 6
Indredavik, 2010 4 65
Johnson, 2010 21 183
McNicholas, 2015 10 64
Murray, 2016 0 48
Scott, 2012 116 148
Treyvaud, 2013 18 177
Woodward, 2016 20 100
Fixed effect model 1138

Random effects model

Heterogeneity: 1% = 27%, 1° = 0.0984, p = 0.20

Patients

Burnett, 2014 30 204
Van Lieshout, 2015 8 84
Fixed effect model 288

Random effects model
Heterogeneity: 1> = 0%, ©* = 0, p = 0.41

Fixed effect model 1426
Random effects model

Heterogeneity: 1% = 17%, 1° = 0.0537, p = 0.27

vol-

joo“nﬂg¢w

OR 85%—CI

1.94 [1.19; 3.15]
4.84 [0.27; 87.62]
1.67 [0.30; 9.35]
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434 [1.45; 12.96]
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2.56 [1.33; 4.94]
2.53 [1.31; 4.89]

Weight

35.0%
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31%
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3.1%
15.1%
3.8%
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25%
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ONLINE APPENDIX FIGURE 5: Forest plot for ADHD categorically defined according

to raters.



ONLINE APPENDIX TABLE 1: Sensitivity analysis for categorically defined ADHD.

VP/VLBW EP/ELBW Overall

Effect size Heterogeneity Effect size Heterogeneity Effect size Heterogeneity
exsctlt‘f% . OR  95%Cl 2 P OR  95%Cl 12 p OR  95%Cl 12 P
Burnett ) ) ) ) 3.44, & 2.24, &
201443 5.5 .78 0% 0.86 3.2 463 20% 0.25
Johnson 1.90, & 2.06, &
50107 - = - - 3.92 811 56% 0.1 2.94 491 22% 0.23
bote . 226 To 0% 073 ] ] ] ] 311y 2% o2
Scott 1.66, o 1.79, o
20123 - - - - 2.92 514 0% 0.5 2.43 332 0% 0.85
o s LS w0 - - - - so 3w oa
Van
Lieshout - - - - 3.94 2.04, 56% 0.1 2.98 2.10, 23% 0.22
2015 7.59 4.23

EP/ELBW: Extremely Preterm/Extremely Low Birth Weight; OR: Odds Ratio; VP/VLBW: Very Preterm/Very Low Birth Weight.
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ONLINE APPENDIX TABLE 2: Sensitivity analysis for ADHD combined symptoms.

VPVLBW EP/ELBW Overall
Effect size Heterogeneity Effect size Heterogeneity Effect size Heterogeneity
exsctlt‘f% ’ SMD 9(5;;/" 12 p SMD  95% ClI 12 p SMD  95%ClI 12 p

égflejfon - - - - 0.71 (i'_‘g’)ll’ 91% <001  0.56 %.4(15?5 81%  <0.01
Boyle 20113 - - - - 0.72 01"‘(‘)‘1’ 90%  <0.01  0.57 %‘%’ 80%  <0.01
PV 051 2% 57 <001 - . . . 056 %% 8% <001
Brogan 20144  0.49 %‘%71’ 57%  <0.01 - - - - 0.55 %_‘é@ 81%  <0.01
Dahl 200661 046 0% a0% 0.0 : i : i osa %L g% <001
ggl'gfo"iet 0.49 %‘%71' 57%  <0.01 - - - - 0.55 %'.Lézs' 81%  <0.01
Grunau 200447 - - - - 0.64 %'_?ég’ 91%  <0.01  0.54 %‘%17' 81%  <0.01
%gg;wa'dt - - - - 048 032063 72% <001  0.49 %‘_‘é%’ 62%  <0.01
Hack 200440 053 0% 4% om : i : : 057 0% sow <001
Hack 2009 i i i i 069 2% 916 <001 055 9% g <001
Hanke 2003%  0.51 %%% 58%  <0.01 - - - - 0.56 %ﬁ)’ 81%  <0.01
Leijon 201652 0.51 %'I‘Qé%' 57%  <0.01 - - - - 0.56 %’.‘é@' 81%  <0.01
2"0‘%‘1”;?” - - - - 0.71 (i'_?(’)i’ 91%  <0.01  0.56 %.% 81%  <0.01
g 0123 049 23 sem <001 i . i . 055 %4l 8% <001
Murray 2016% 0.5 %_%72’ 57%  <0.01 : i i i 0.55 %_‘éé’ 81%  <0.01
glggf[?liz(ssgl? : ; ; i 0.71 %‘_‘(332;’ 91% <001 056 %‘_‘é%’ 81%  <0.01
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Woodward 0.39, 0.43,
201635 0.51 0.63 56% <0.01 - - - - 0.56 0.69 81% <0.01

EP/ELBW: Extremely Preterm/Extremely Low Birth Weight; SMD: Standardized Mean Difference; VP/VLBW: Very Preterm/Very Low Birth
Weight.



ONLINE APPENDIX TABLE 3: Sensitivity analysis for ADHD H/I symptoms.

VP/VLBW EP/ELBW Overall
Effect size Heterogeneity Effect size Heterogeneity Effect size Heterogeneity
exsctlt‘f% q SMD  95%CI 12 P SMD  95%Cl 2 p SMD  95%CI 12 p
Anderson 0.26, o 0.34, o
201148 - - - - 0.89 152 94% <0.01 0.79 124 95% <0.01
0.34 0.37
38 _ - - - U 0, ! 0,
Boyle 2011 0.92 1.49 93% <0.01 0.81 124 95% <0.01
Brogan 20144° 0.77 'g'ég’ 97% <0.01 - - - - 0.78 3‘322’ 95% <0.01
Grunewaldt 0.19, o 0.18, o
S35 - - - - 0.31 e 0% 0.45 0.53 0.89 94%  <0.01
Hack 200440 08 % o <001 : : : : 081 93> 95% <001
0.25 0.34
41 _ - - - 2 0, 2 0,
Hack 2009 0.89 152 94% <0.01 0.79 124 95% <0.01
;'ggé‘[el%ss sg 074 'g'éé’ 97%  <0.01 : : : : 0.77 3‘3159’ 95%  <0.01
0.12 0.42
30 L (o) - - - - U 0,
Hatch, 2014 0.88 164 97% <0.01 0.82 123 95% <0.01
0.09 0.42
60 ' () - - - - ' 0,
Huang 2012 0.86 164 97% <0.01 0.82 123 95% <0.01
Indredavik -0.01, @ i ) ) i 0.18, .
20103 0.25 051 69% <0.01 0.43 0.68 86% <0.01
Levy-Shiff -0.16, o 0.33, o
100467 0.71 150 97%  <0.01 - - - - 0.76 118 95%  <0.01
0.29 0.36
56 _ - - - ! 0, ! 0,
Shum 2008 0.82 1.36 94% <0.01 0.78 1.19 95% <0.01
. 0.28 0.36
59 - - - - ! 0, ! 0,
Teplin 1991 0.79 131 94% <0.01 0.77 118 95% <0.01

EP/ELBW: Extremely Preterm/Extremely Low Birth Weight; SMD: Standardized Mean Difference; VP/VLBW: Very Preterm/Very Low Birth

Weight.
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ONLINE APPENDIX TABLE 4: Sensitivity analysis for ADHD inattentive symptoms.

VP/VLBW EP/ELBW Overall

Effect size Heterogeneity Effect size Heterogeneity Effect size Heterogeneity
eXSCtluu?j)(/Bd SMD 95%ClI 2 p SMD 95%Cl 12 p SMD 95%Cl |2 P
ggflejgon . - - - 1.75 %‘_‘é‘é’ 96% <0.01 1.48 g'gg’ 98% <0.01
ggﬁi‘;‘ 1.57 'g:%' 99%  <0.01 - - - - 1.42 c;.i%, 98%  <0.01
Crunewaldt i i i 049 %% 60w 008 096 I 97w <001
ek o 171 Do 98% <001 - : - - st o0 9% <001
ggggﬂ - - - - 1.65 %‘%‘;’ 97% <0.01 1.43 %_gi’ 98% <0.01
gg{i@o 1.71 0312‘; 99% <0.01 - - - - 1.47 27187 98% <0.01
'z"gfzne% 1.69 %‘%16’ 99%  <0.01 - - - - 1.47 27178 98%  <0.01
ndredavik 017 0I5 sy 0.8 . : : : 063 02> e <001
gggga 1.34 %_%%’ 98% <0.01 - - - - 1.42 %_713’ 98% <0.01

EP/ELBW: Extremely Preterm/Extremely Low Birth Weight; SMD: Standardized Mean Difference; VP/VLBW: Very Preterm/Very Low Birth

Weight.
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ONLINE APPENDIX TABLE 5: Meta-regression analysis of ADHD rating scales.

Variable Covariate* Coefficient 95% ClI p

Age 0.14 -0.22,0.51 0.38

Article quality 1.08 -1.42, 3.60 0.34

Occurrence of Multiple Births -0.2 -1.57,1.17 0.77

Information Source (Patient) -1.47 -3.80, 0.85 0.21
Countries Norway 5.17 411, 6.23 0.0001

Taiwan -0.39 -1.53, 0.75 0.5

Inattention UK 0.14 -0.91, 1.19 0.79

USA -0.17 -0.97, 0.62 0.66

ADHD Rating Scale ADHD-RS 1.69 -2.29, 5.67 0.4

(Inattentive subtype) Conners 0.23 -5.35, 4.89 0.92

CSl-4 0.1 -5.02, 5.22 0.96

DBRS-Toddler -0.51 -5.66, 4.63 0.84

Age 0.01 -0.10, 0.13 0.76

Article quality 0.31 -0.56, 1.19 0.45

Occurrence of Multiple Births 0.41 -0.55, 1.38 0.39

Information Source (Patient) -0.7 -2.20, 0.80 0.36

Countries Canada -0.25 -0.60, 0.09 0.15

Germany 0.1 -0.32, 0.53 0.62

Hyperactivity/ Israel 0.29 -0.10, 0.69 0.14
Impulsivity Norway 3.72 3.16, 4.28 0.0001

Taiwan -0.64 -1.24, -0.05 0.03

UK -0.02 -0.42, 0.38 0.92

USA -0.1 -0.37, 0.16 0.44

ADHD Rating Scale ADHD-RS 0.92 -1.16, 3.01 0.38

e TR S Conners 0.1 2.1, 27 0.92

subtype) '
CSl-4 0.003 -2.69, 2.70 0.99
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Combined

DBRS-Toddler

FBBHKS
Age
Article quality
Occurrence of Multiple Births
Information Source (Teacher)
Countries Brazil
Canada
Germany
Ireland
Italy
New Zealand
Norway
Sweden
Switzerland

The Netherlands

UK

USA
ADHD Rating Scale ADHD-RS

(Combined subtype) CBCL
Conners

CSl-4

SDQ

TRF

YASR

-0.66

0.09
-0.007
-0.07
0.06
-0.15
0.12
-0.24
-0.0085
0.1
0.69

-0.09

1.28
0.12
-0.03

0.16

0.33
0.04
4.1
0.01
0.03
0.08
0.08
-0.06
-0.31

-3.41, 2.08

-2.62, 2.80
-0.05, 0.45
-0.34, 0.18
-0.19, 0.32
-0.75, 0.45
-0.78, 1.02
-0.98, 0.49
-0.74,0.72
-0.63, 0.84
-0.35,1.74

-0.99, 0.80

0.47, 2.08
-0.55, 0.80
0.96, 0.89

-0.75, 1.08

-0.40, 1.06
-0.59, 0.68
2.91,5.29
-0.51, 0.54
-0.56, 0.63
-0.54, 0.70
-0.45, 0.62
-0.68, 0.55
-0.88, 0.25

0.63

0.94
0.78
0.55
0.62
0.62
0.79
0.52
0.98
0.77
0.19

0.83

0.001
0.71
0.94

0.72

0.37
0.88
0.6
0.95
0.9
0.8
0.75
0.83
0.27
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ADHD-RS: ADHD Rating Scale; CBCL: Child Behavior Checklist; CSI-4: Child Symptom Inventory-4; DBRS-Toddler:
Disruptive Behavior Rating Scale - Toddler; FBBHKS: Fremdbeurteilungsbogen fiir Hyperkinetische Stérungen; SDQ:
Strengths and Difficulties Questionnaire; TRF: Teacher Report Form; UK: United Kingdom; USA: United States of
America; YASR: Young Adult Self Report. *Age, article quality, occurrence of multiple births, and countries were
included as continuous variables; Gravidity and Raters were included as categorical variables.
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ONLINE APPENDIX TABLE 6: Studies excluded from the meta-analysis, with reasons.

Reference

Reason (s) for Exclusion (s)

Aarnoudse-Moens C, Weisglas-Kuperus N, Duivenvoorden H,
Goudoever Jv, Oosterlaan J. 130 Executive Function and it's
Impact on Mathematical Underachievement and Attention
Problems in Very Preterm Children. Archives of Disease in
Childhood. 2012;97(Suppl 2):A36-A36.

Conference abstract and/or
poster

Aarnoudse-Moens CS, Weisglas-Kuperus N, Duivenvoorden
HJ, van Goudoever JB, Oosterlaan J. Executive function and
IQ predict mathematical and attention problems in very preterm
children. PloS one. 2013;8(2):e55994

Not enough information/No
answer from the authors

Abernethy LJ, Palaniappan M, Cooke RW. Quantitative
magnetic resonance imaging of the brain in survivors of very
low birth weight. Arch Dis Child. Oct 2002;87(4):279-283.

Measure not assessing/deriving
strictly DSM/ICD ADHD
diagnosis or dimensional
scores

Astbury J, Orgill A, Bajuk B. Relationship between two-year
behaviour and neurodevelopmental outcome at five years of
very low-birthweight survivors. Developmental medicine and
child neurology. Jun 1987;29(3):370-379.

Measure not assessing/deriving
strictly DSM/ICD ADHD
diagnosis or dimensional
scores

Bohm B, Lundequist A, Smedler AC. Visual-motor and
executive functions in children born preterm: the Bender Visual
Motor Gestalt Test revisited. Scandinavian journal of
psychology. Oct 2010;51(5):376-384.

Measure not assessing/deriving
strictly DSM/ICD ADHD
diagnosis or dimensional
scores

Bora S, Pritchard VE, Chen Z, Inder TE, Woodward LJ.
Neonatal cerebral morphometry and later risk of persistent
inattention/hyperactivity in children born very preterm. Journal
of child psychology and psychiatry, and allied disciplines. Jul
2014;55(7):828-838.

Not enough information/No
answer from the authors

Botellero VL, Skranes J, Bjuland KJ, et al. Mental health and
cerebellar volume during adolescence in very-low-birth-weight
infants: a longitudinal study. Child and adolescent psychiatry
and mental health. 2016;10:6.

Duplicated - same sample as
Indredavik 20103 (included in
the analysis) - University
Hospital in Trondheim (1986—
1988)

Boulet SL, Schieve LA, Boyle CA. Birth weight and health and
developmental outcomes in US children, 1997-2005. Maternal
and child health journal. Oct 2011;15(7):836-844.

Measure not assessing/deriving
strictly DSM/ICD ADHD
diagnosis or dimensional
scores

Conrad AL, Richman L, Lindgren S, Nopoulos P. Biological and
environmental predictors of behavioral sequelae in children
born preterm. Pediatrics. Jan 2010;125(1):e83-89.

Measure not assessing/deriving
strictly DSM/ICD ADHD
diagnosis or dimensional
scores

D'Onofrio BM, Class QA, Rickert ME, Larsson H, Langstrom N,
Lichtenstein P. Preterm birth and mortality and morbidity: a
population-based quasi-experimental study. JAMA psychiatry.
Nov 2013;70(11):1231-1240.

Measure not assessing/deriving
strictly DSM/ICD ADHD
diagnosis or dimensional
scores

D'Onofrio B, Class Q, Rickert M, Larsson H, Lanullngstrom N,
Lichtenstein P. Psychiatric problems associated with preterm
birth: A population-based, quasi-experimental study. Behaviour
Genetics, 2012; 42(6):930.

Measure not assessing/deriving
strictly DSM/ICD ADHD
diagnosis or dimensional
scores




Day KL, Van Lieshout RJ, Vaillancourt T, Saigal S, Boyle MH,
Schmidt LA. Long-term effects of peer victimization on social
outcomes through the fourth decade of life in individuals born at
normal or extremely low birthweight. The British journal of
developmental psychology. Dec 10 2016.

125

Duplicated - same sample as
Boyle 20112 and Van Lieshout
2015% (both included in the
analysis) - Central-west Ontario
(1977-1982)

Delobel-Ayoub M, Arnaud C, White-Koning M, et al. Behavioral
problems and cognitive performance at 5 years of age after
very preterm birth: the EPIPAGE Study. Pediatrics. Jun
2009;123(6):1485-1492.

Not enough information/No
answer from the authors

Delobel-Ayoub M, Kaminski M, Marret S, et al. Behavioral
outcome at 3 years of age in very preterm infants: the
EPIPAGE study. Pediatrics. Jun 2006;117(6):1996-2005.

Wrong patient population

Elgen SK, Sommerfelt K, Leversen KT, Markestad T. Minor
neurodevelopmental impairments are associated with
increased occurrence of ADHD symptoms in children born
extremely preterm. European child & adolescent psychiatry.
Apr 2015;24(4):463-470.

Measure not assessing/deriving
strictly DSM/ICD ADHD
diagnosis or dimensional
scores

Eryigit-Madzwamuse S, Wolke D. Attention problems in relation
to gestational age at birth and smallness for gestational age.
Early human development. Feb 2015;91(2):131-138.

Duplicated - same sample as
Breeman 20162 (included in
the analysis) - The Bavarian
Longitudinal Study (1985—
1986)

Espirito Santo JL, Portuguez MW, Nunes ML. Cognitive and
behavioral status of low birth weight preterm children raised in
a developing country at preschool age. Jornal de pediatria. Jan-
Feb 2009;85(1):35-41.

Wrong patient population

Faroogi A, Hagglof B, Serenius F. Behaviours related to
executive functions and learning skills at 11 years of age after
extremely preterm birth: a Swedish national prospective follow-
up study. Acta paediatrica. Jun 2013;102(6):625-634.

Measure not assessing/deriving
strictly DSM/ICD ADHD
diagnosis or dimensional
scores

Fevang SK, Hysing M, Markestad T, Sommerfelt K. Mental
Health in Children Born Extremely Preterm Without Severe
Neurodevelopmental Disabilities. Pediatrics. Apr 2016;137(4).

Not enough information/No
answer from the authors

Ficks CA, Lahey BB, Waldman ID. Does low birth weight share
common genetic or environmental risk with childhood disruptive
disorders? Journal of abnormal psychology. Aug
2013;122(3):842-853.

Wrong patient population

Finnstrom O, Gaddlin PO, Leijon |, Samuelsson S, Wadsby M.
Very-low-birth-weight children at school age: academic
achievement, behavior and self-esteem and relation to risk
factors. The journal of maternal-fetal & neonatal medicine : the
official journal of the European Association of Perinatal
Medicine, the Federation of Asia and Oceania Perinatal
Societies, the International Society of Perinatal Obstet. Aug
2003;14(2):75-84.

Measure not assessing/deriving
strictly DSM/ICD ADHD
diagnosis or dimensional
scores




Fletcher JM, Landry SH, Bohan TP, et al. Effects of
intraventricular hemorrhage and hydrocephalus on the long-
term neurobehavioral development of preterm very-low-
birthweight infants. Developmental medicine and child
neurology. Sep 1997;39(9):596-606.
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Wrong patient population

Foulder-Hughes LA, Cooke RW. Motor, cognitive, and
behavioural disorders in children born very preterm.
Developmental medicine and child neurology. Feb
2003;45(2):97-103.

Measure not assessing/deriving
strictly DSM/ICD ADHD
diagnosis or dimensional
scores

Gaddlin PO, Finnstrom O, Hellgren K, Leijon |. Hospital
readmissions and morbidity in a fifteen-year follow-up of very
low birthweight children in Southeast Sweden. Acta paediatrica.
Apr 2007;96(4):499-505.

Measure not assessing/deriving
strictly DSM/ICD ADHD
diagnosis or dimensional
scores

Gardner F, Johnson A, Yudkin P, et al. Behavioral and
emotional adjustment of teenagers in mainstream school who
were born before 29 weeks' gestation. Pediatrics. Sep
2004;114(3):676-682.

Not enough information/No
answer from the authors

Gucuyener K, Soysal S, Ergenekon E, et al. PO-0399
Neurodevelopmental and Behaviour Outcome of Preterms (ga.
Archives of Disease in Childhood. 2014;99(Suppl 2):A376-
A376.

Conference abstract and/or
poster

Gustafsson P, Kallen K. Perinatal, maternal, and fetal
characteristics of children diagnosed with attention-deficit-
hyperactivity disorder: results from a population-based study
utilizing the Swedish Medical Birth Register. Developmental
medicine and child neurology. Mar 2011;53(3):263-268.

Measure not assessing/deriving
strictly DSM/ICD ADHD
diagnosis or dimensional
scores

Hack M, Breslau N, Aram D, Weissman B, Klein N, Borawski-
Clark E. The effect of very low birth weight and social risk on
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Abstract

Objective: To develop a predictive score and individualized risk calculator for
attention-deficit/nyperactivity disorder (ADHD) in very preterm/very low birth weight
(VP/VLBW) newborns.

Methods: We collected 31 gestational and neonatal data in a clinical cohort of 104
VP/VLBW newborns delivered at a Brazilian tertiary care hospital from 2010 to 2012.
Children were assessed at 6 years of age for ADHD, confirmed through clinical
interviews using the Schedule for Affective Disorders and Schizophrenia for School-
Age Children (K-SADS). The least absolute shrinkage and selection operator (LASSO)
method was used for model-building.

Results: A total of 96 VP/VLBW children were assessed at 6 years of age (92.3%
follow-up), of whom 32 (33.3%) were diagnosed with ADHD. The area under the curve
(AUC) for predicting ADHD based on seven parameters (late-onset sepsis confirmed
by blood culture, necrotizing enterocolitis, neonatal seizures, periventricular
leukomalacia, respiratory distress syndrome, length of hospital stay and number of
maternal ADHD symptoms) was 0.875 (ClI, 0.800-0.942, p<0.001; AUC corrected for
optimism with bootstrapping: 0.806). The model showed specificity for ADHD
compared to other common child psychopathology (anxiety and oppositional defiant
disorders). The risk calculator, available at
https://jscalc.io/source/unaQG5TuvzVzuzmV, proved useful to guide intervention
within a 31-62% range of ADHD risk.

Conclusions: The risk calculator showed good performance parameters and is a
potential practical clinical tool for early identification of VP/VLBW children at high risk
of future ADHD diagnosis. Replication in further studies is needed to establish external

validity in population-based samples and confirm clinical usefulness.


https://jscalc.io/source/unaQG5TuvzVzuzmV
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INTRODUCTION

Preterm birth and low birth weight remain at high incidence levels worldwide (1).
In 2014, 14.84 million newborns, an estimated 10.4% of all babies born globally that
year, were born preterm (before 37 completed weeks of gestation) (1). In 2015, 14.6%
of all babies were born with low birth weight (2). accounting for 20.5 million babies
being born with less than 2,500g (2). Together, preterm birth and low birth weight
accounted for about 17% of infant deaths in 2016 in the U.S. alone (3). Besides this
high mortality rate, survivors can face lifelong morbidity, including motor, sensorial,
cognitive, and psychiatric disorders (4), especially at higher degrees of prematurity and
low birth weight. Very preterm (VP) — those born at gestational age less than 32 weeks
(5), who represent 15.6% of all preterm newborns (6) — and those with very low birth
weight (VLBW) — weighing less than 1,500 grams (5), corresponding to 1.42% of all
U.S. births in 2015 (7) — are particularly vulnerable to these adverse outcomes (8, 9).

Attention-deficit/hyperactivity disorder (ADHD) is defined as a non-episodic,
excessive, and impairing pattern of inattention and/or hyperactivity/impulsivity (10). Its
worldwide prevalence is estimated at 3.4% (11) to 5.3% (12) in children and
adolescents. Among all environmental risk factors for ADHD, VP/VLBW are the most
consistent ones (13). A previous systematic review and meta-analysis (14) found that
children or adolescents born VP/VLBW are about three times more likely to be
diagnosed with ADHD than full-term babies. The reasons for increased vulnerability to
ADHD in VP/VLBW individuals remain unknown, but a number of hypotheses have
been put forward, including higher frequency of pre- and post-natal adversities,
parental and biological issues such as hypothalamic—pituitary—adrenal axis
dysregulations, and perinatal systemic inflammation, which could cause structural and
functional brain disorders (such as ADHD) and other psychiatric and developmental
disorders (15-19). In addition, several maternal and neonatal characteristics and
morbidities associated with preterm birth and low birth weight (such as low
socioeconomic status, male sex, necrotizing enterocolitis, peri- and intraventricular
hemorrhage, periventricular leukomalacia, bronchopulmonary dysplasia, neonatal

chronic lung disease, low Apgar scores after birth, white matter injury, slow head
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growth, among others(15)) may be linked to the etiology of ADHD. However, it remains
unclear how these factors might combine to influence the development of ADHD.

To date, clinicians have no clue to discriminate which among those children born
VP/VLBW will actually develop ADHD in the future, based only on the clinical
presentation at birth. Considering the high prevalence of ADHD and its negative
consequences for individuals and society (20, 21), a better understanding of risk
factors for this condition may lead to strategies for specific neonatology, pediatric, and
psychiatric prevention and early interventions to minimize the ADHD burden.

A systematic review by Bernardini et al. (2017) (22) showed the feasibility of
developing risk prediction models for assessing how to combine factors that can
influence the risk of developing psychiatric disorders. However, to date, no study has
quantified the weight that each perinatal risk factor has on later development of ADHD
in VP/VLBW newborns, and there are no instruments available to predict their risk of
developing ADHD.

In this context, the aim of this study is to develop a multivariable predictive model
and to build a practical online individualized risk calculator to help clinicians identify,
among VP/VLBW newborns, those who are most likely to have ADHD in the future,
using predictors that are easily collected in the Neonatal Intensive Care Unit (NICU)
setting. Our hypothesis is that this early screening tool based on risk factors related to
preterm birth/low birth weight will have an acceptable prognostic performance for
ADHD in VP/VLBW newborns.

METHODS

The methods followed recommendations offered by the Transparent Reporting
of a Multivariable Prediction Model for Individual Prognosis or Diagnosis (TRIPOD)
statement (23). This study was preregistered at Plataforma Brasil (number:
46376115.1.0000.5327) and was approved by the local institutional review board
(number: 15-0384). Mothers provided written consent to participate in the study. A

summary of key study characteristics can be found in Supplementary Table 1.



138

Source of Data

To develop the predictive model and the risk calculator, we used data from a
prospective outpatient follow-up program of VP/VLBW babies who were born at
Hospital de Clinicas de Porto Alegre (HCPA), a university-affiliated tertiary care

hospital in the southernmost state of Brazil.

Participants

We selected all VP/VLBW children (gestational age less than 32 weeks and/or
birth weight less than 1,500 g (5)) born at HCPA between January 1%, 2010 and
December 31%t, 2012. All families of children born during this period were contacted
and invited to enter the study. Children from families who agreed to participate were
assessed between October 2015 and September 2017, when they were around the
age of 6. We excluded newborns whose mothers were HIV-positive, as well as
newborns with genetic syndromes, congenital infection, or cerebral palsy.

Outcomes

The main outcome was the categorical diagnosis of ADHD, confirmed through
clinical interviews with the mother when the child was around 6 years old. A trained
child and adolescent psychiatrist (APF) used a validated Brazilian version (24) of the
Schedule for Affective Disorders and Schizophrenia for School-Age Children — Present
and Lifetime version (K-SADS-PL) (25), a semi-structured interview based on DSM-IV
criteria widely used for psychiatric diagnose. To test specificity in predicting ADHD, we
also tested how the model predicted two common disorders in this population: anxiety

disorders and oppositional defiant disorder, also assessed by K-SADS-PL.

Predictors
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During the hospital stay, a trained neonatology student collected maternal and
neonatal data from medical records. All potential predictors of ADHD (based on
previous literature review and availability) were selected a priori. This included the
following variables (definitions in Supplementary Table 2):

Categorical gestational variables: chronic arterial hypertension during
pregnancy; gestational diabetes mellitus; low socioeconomic status; pre-eclampsia;
prolonged rupture of membranes; syphilis, toxoplasmosis, rubella, cytomegalovirus,
and herpesvirus (STORCH) infection; and urinary tract/ovarian infection.

Categorical neonatal variables: bronchopulmonary dysplasia;
chorioamnionitis; delayed birth weight recovery; hypoglycemia; late-onset sepsis
confirmed by blood culture; male sex; mechanical ventilation; necrotizing enterocolitis;
neonatal seizures; peri- or intraventricular hemorrhage (grade 2, 3, or 4);
periventricular leukomalacia; respiratory distress syndrome; retinopathy of
prematurity; small for gestational age status; and transient tachypnea of the newborn.

Continuous variables: Apgar score at 1 and 5 minutes after birth, birth weight,
gestational age, head circumference at discharge (z scores), length of hospital stay,
Score for Neonatal Acute Physiology with Perinatal Extension-lIl (SNAPPE-II), total
parenteral nutrition time in days, and maternal ADHD symptoms assessed by means
of the Adult ADHD Self-Report Scale (ASRS-18). The latter has proven effectiveness
in adult ADHD screening, with high sensitivity and moderate specificity (26), and has
been cross-culturally adapted into Brazilian Portuguese (27). The ASRS-18 was the
only predictor that was not collected at perinatal time, but at the same time as the child
was evaluated for ADHD, around the age of 6. It consists of items inquiring about the
frequency of all 18 DSM-IV Criterion A symptoms of adult ADHD. Each of these items
is assigned a score (0 to 4) based on the frequency of the symptoms.

Missing data

To minimize the bias of excluding newborns with unavailable predictors or

outcomes, we used a multiple imputation model (10 imputations) run in the MICE

package (28) of R software (29). For all missing data, including predictors and
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outcomes, we used the predictor matrix. Binary predictors were handled by logistic
regression, and continuous data by predictive mean matching. No iterations were

included in the imputation model.

Statistical analysis methods

All statistical analyses were computed using the R software version 3.5.2 (29).

For the model-building procedure, the least absolute shrinkage and selection
operator (LASSO) technique was used for variable selection and regularization. This
technique is a penalized regression method that does not require univariate analysis
to select variables. It is recommended for use when there is a small sample size and
many potential predictors, minimizing model overfitting when there are few events
relative to the number of predictors (30). LASSO was implemented with the GLMNET
package (31). The penalization factor (lambda) was selected with a 10-fold cross-
validation procedure (Supplementary Figure 1), which reduces bias and variability of
the performance estimates.

The following model performance measures were used to assess the predicted
probabilities obtained by these analyses: overall performance, calculated by the R?2
statistic; discrimination, calculated by the area under the receiver operating
characteristic curve (ROC); internal validation with bootstrap inference, assessed
using 1000 replications; calibration, assessed by plotting observed vs. predicted
probabilities; prediction density plots and accuracy, assessed across a range of
probability thresholds. We additionally explored the potential clinical usefulness of the
risk calculator using Net Benefit analyses (32, 33).

RESULTS

Participants

Overall, 208 VP/VLBW newborns were born at HCPA between 2010 and 2012;

of these, 129 survived (62%). After application of the exclusion criteria, 104 children
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were eligible for evaluation and entered the analyses. Ninety-six (92.3%) were
assessed for ADHD at a mean age of 5.53 years (range: 4.33—7.54), and eight children
were not located. A total of 32 children (33.3%) were reported to have a categorical
diagnosis of ADHD. A full flow diagram of participant selection can be found in Figure
1. The frequency of continuous and categorical maternal and neonatal variables, as

well as the categorical outcomes, is summarized in Table 1.

Model development

The 10-fold cross-validation analyses performed by LASSO selected a
penalization factor (lambda) of 0.07242856 (Supplementary Figure 2). Among all 31
potential predictors, this lambda selected the following seven final variables for the
predicting model: late-onset sepsis confirmed by blood culture, necrotizing
enterocolitis, neonatal seizures, periventricular leukomalacia, respiratory distress

syndrome, length of hospital stay, and maternal ASRS-18 score.

Model specification

Table 2 presents the specifications of the predictive model, with the selected
variables, respective regression coefficients, and model intercept to allow predictions
for individuals. Table 2 also shows the risk score formula and the site where the
individualized ADHD risk calculator can be found

(https://jscalc.io/calc/unaQG5TuvzVzuzmV).

Model performance

The selected variables explained a proportion of 34.9% (R?2) of the variance in
ADHD diagnosis. The predictive model discriminated between ADHD vs. no ADHD at
follow-up with an AUC of 0.875 (confidence interval (CI) 0.80-0.942, p<0.001) (Figure
2). Correction for optimism with bootstrapping yielded an AUC of 0.806. The bias-

corrected calibration plot showed that predicted probability and observed frequency of
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ADHD moderately agreed throughout the range of risk (Figure 3). Supplementary
Figure 3 shows the frequency of individuals over a range of risk estimates. The range
of estimated risk went from a minimum of 14.58% to a maximum of 82.93%.
Supplementary Figure 4 (prediction density plot) shows the distribution of negative and
positive cases across a range of probability thresholds. Supplementary Figure 5 shows
the accuracy across the range of probability thresholds. The best accuracy (86%) is
achieved when a positive class is thresholded at 30%. As shown in Figure 4, use of
the model was associated with significant net benefits. The estimated decision curve
shows that, compared with “no intervention”, using the risk calculator is associated with
net benefits for probabilities ranging from 0% to 62% risk of developing ADHD.
Compared to an “intervention to all” approach, the risk calculator is as useful at the

ranges of 0% to 31% and is statistically more useful at the ranges above 31%.

Model specificity

As shown in Supplementary Figure 6 and 7, the performances of model
discrimination predicting any anxiety disorder and oppositional defiant disorder were
significantly lower than for ADHD (AUC for anxiety disorder: 0.507; AUC for
oppositional defiant disorder: 0.540).

DISCUSSION

Using a well-defined clinical diagnosis of ADHD in a birth-cohort with a high
follow-up rate, we constructed an online individualized risk calculator to predict, which
VP/VLBW newborns will be diagnosed with ADHD around 6 years later. We found that
the combination of total number of the maternal ADHD symptoms and some neonatal
categorical data (length of hospital stay, late-onset sepsis confirmed by blood culture,
necrotizing enterocolitis, neonatal seizures, periventricular leukomalacia, and
respiratory distress syndrome) achieved good performance to discriminate between

those who will develop ADHD vs. those who will not. The model showed specificity for
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ADHD compared to other common child psychopathology (anxiety disorders and
oppositional defiant disorder).

Our risk calculator was able to discriminate those newborns with the highest risk
for ADHD. We achieved good discriminatory performance for distinguishing between
ADHD and non-ADHD individuals (AUC: 0.806). Furthermore, a predicted ADHD risk
of 30% provided the best balance between sensitivity and specificity within the
generating sample. Using a decision curve analysis approach to investigate the clinical
usefulness of the risk calculator in VP/VLBW newborns, we found that offering
interventions to high ADHD risk individuals would be associated with statistically
significant net benefits, at a range of ADHD risk from 31% to 62%. This means that a
VP/VLBW individual would unlikely need a clinical assessment to receive indicated
interventions when his or her 6-year risk of ADHD is lower or greater than this range,
which is a relevant clinical information.

It is important to highlight that the variables selected by the predictive model
have biological plausibility to explain the occurrence of ADHD. This disorder is known
to have a multifactorial etiology, with a high heritability (around 75%) shown in family,
twin, and adoption studies (34). The risk calculator captures this genetic component
by including the total number of maternal ADHD symptoms from the ASRS-18.
However, as VP/VLBW newborns are approximately three times more likely than full-
term infants to develop ADHD (14), gestational and perinatal characteristics may also
have a role in this increased frequency (35). Neonatal seizures and periventricular
leukomalacia could be related to impaired neural development in these newborns.
However, not only local brain damage may be involved; other neonatal morbidities
associated with preterm birth as respiratory distress syndrome, late-onset sepsis,
necrotizing enterocolitis, producing a pro-inflammatory response via cytokines that
promote activation of microglia (36). resulting in an inflammatory flow that further
contributes to neuroinflammation (37, 38) and, theoretically, to the pathophysiology of
ADHD (39, 40).

The performance achieved by our risk calculator was similar to that of others
developed to predict other psychiatric disorders (41). However, we are not aware of

previous attempts to create a risk calculator to predict ADHD diagnosis in VP/VLBW
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newborns. A study by Scwenke et al. (2018) (42) also used pregnancy and birth
characteristics to predict ADHD in a hospital-based birth cohort, but did not focus on
VP/VLBW. In this study, only smoking (OR: 2.63; 95% CI, 1.39-4.97) and 1-minute
Apgar score (OR: 0.76; 95% CI, 0.61-0.94) were predictors of ADHD in the
multivariable logistic regression model. No significant associations with later
development of ADHD were found for Apgar scores at 5 and 10 minutes after birth,
mode of delivery, maternal educational level, number of pregnancies, breastfeeding,
alcohol use during pregnancy, age at labor, birth weight, umbilical artery pH, or
duration of pregnancy. However, the rate of follow-up was only 15.4%, and several
potential risk factors and outcomes were collected retrospectively based on
questionnaires sent to mothers. For ADHD, for example, the mother was only asked
whether her child was known to have a diagnosis of ADHD and whether the child was
taking medication for the condition. No risk calculator was developed in this study. In
another study, Caye et al. (2019) (43) developed an online risk calculator based on
childhood characteristics to predict adult ADHD and achieved similar performance in
the generating sample (AUC for predicting adult ADHD, 0.82; 95% CI, 0.79-0.83).
Their risk calculator included the following predictors: sex, socioeconomic status,
single-parent family, ADHD symptoms, comorbid disruptive disorders, childhood
maltreatment, maternal depression, and Intelligence Quotient (IQ).

Certain limitations should be considered in our findings. First, we assessed
children around the age of 6 because this was the maximum duration of postnatal
follow-up at our center. This may not be long enough to identify all children with ADHD,
or may have underestimated children with the inattentive type, which is usually
identified at elementary school years (44). To minimize this, we performed a full clinical
diagnostic assessment confirmed by DSM-IV criteria and found a high ADHD
diagnostic rate in our sample (33.33%). Second, the R? result of 34.9% in the analysis
indicates that much of the variance in the performance ratings remained unexplained,
suggesting that other, unavailable genetic, gestational and neonatal data should play
arole in ADHD risk. Third, maternal ASRS-18 score was collected at the same time as
the child was evaluated for ADHD (i.e., at around 6 years of age) and not in the

perinatal period., However, ADHD symptoms in older adults have shown lifetime
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stability (45). Fourth, as we had a small sample size, the model may have selected
spurious predictors (i.e., overfitting) (46). Although some authors suggest having at
least 10 outcome events per variable (47, 48), some investigators either consider this
number too high (49) or advocate that it should not be used at all (50). It is important
to highlight that the use of LASSO technique minimized this potential shortcoming.
Fifth, development of the risk calculator for ADHD prediction was carried out in a
middle/low-income country, and generalization to high-income countries may not be

possible.

CONCLUSION

From a clinical perspective, our risk calculator represents a potential practical
tool for early identification of VP/VLBW children at high risk for future ADHD diagnosis.
This instrument can be used by pediatricians, primary care physicians, and any other
clinicians who care for this population. With better risk estimation, clinicians can select
patients who will benefit from closer monitoring. Moreover, early identification of ADHD
symptoms can enable early preventive and treatment interventions in order to delay
ADHD onset or reduce impairments in school, work, and relationships.

From a research point of view, future studies should focus on (1) replicating the
risk calculator in larger, longitudinal prospective samples; (2) carrying out external
validation elsewhere in the world; (3) evaluating the effectiveness of risk stratification
provided by the calculator; (4) developing preventive interventions against ADHD
development in high risk VP/VLBW newborns, and (5) clarifying the potential
pathophysiological mechanisms which underlie ADHD predictors, in the search for
strategies to minimize VP/VLBW burden.
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SUPPLEMENTARY INFORMATION

Abbreviations

ADHD: Attention-deficit/hyperactivity disorder

ASRS-18: Adult ADHD Self-Report Scale

AUC: Area under de curve

Cl: Confidence interval

DSM-IV: Diagnostic and Statistical Manual of Mental Disorders fourth edition
ELBW: Extremely low birth weight

EP: Extremely preterm

HCPA: Hospital de Clinicas de Porto Alegre

HIV: Human immunodeficiency virus

IQ: Intelligence quotient

LASSO: Least absolute shrinkage and selection operator

NICU: Neonatal intensive care unit

OR: Odds ratio

ROC: Receiver operating characteristic

SD: Standard deviation

SNAPPE-II: Score for Neonatal acute Physiology with Perinatal Extension-l
STORCH: Syphilis, toxoplasmosis, rubella, cytomegalovirus, or herpesvirus
TRIPOD: Transparent Reporting of a Multivariable Prediction Model for Individual
Prognosis or Diagnosis

VLBW: Very low birth weight

VP: Very preterm

WHO: World Health Organization
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TABLE 1: Gestational and neonatal variables and outcomes.
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Continuous variables N Range Mean SD
Apgar score at 1 minute after birth 104 (2-9) 5.87 2.52
Apgar score at 5 minutes after birth 104 (2-10) 8.21 1.42
Birth weight (grams) 104 (640-1565) 1156.73 230.45
Gestational age (weeks) 104 (24.4-36) 30.19 2.51
Head circumference at discharge (z score) 101 (-3.6-2.5) -0.73 0.96
Length of hospital stay (days) 103 (23-233) 62.15 33.00
SNAPPE II 104 (0-69) 13.96 14.48
Total parenteral nutrition time (days) 104 (0-86) 16.14 16.66
Maternal ASRS score 94 (1-53) 20.93 10.64
Categorical variables N Yes n (%)
Gestational variables
Chronic arterial hypertension 102 16 (15.69)
Gestational diabetes mellitus 104 5(4.81)
Low socioeconomic status 98 15(15.31)
Pre-eclampsia 102 22 (21.57)
Prolonged rupture of membranes 102 20 (19.61)
STORCH 101 32 (31.68)
Urinary tract/ovarian infection 104 25 (24.04)
Neonatal variables
Bronchopulmonary dysplasia 103 31 (30.10)
Chorioamnionitis 102 13 (12.75)
Delayed birth weight recovery 103 25 (24.27)
Hypoglycemia 100 12 (12.00)
Late-onset sepsis confirmed by blood culture 103 26 (25.24
Male sex 104 51 (49.04)
Mechanical ventilation 104 54 (51.92)
Necrotizing enterocolitis 103 10 (9.71)
Neonatal seizures 104 37 (35.58)
Peri-intraventricular hemorrhage grade 2, 3, or4 | 102 5 (4.90)
Periventricular leukomalacia 102 14 (13.73)
Respiratory distress syndrome 104 51 (49.04)
Retinopathy of prematurity 91 10 (10.99)
Small for gestational age 103 55 (53.40)
Transient tachypnea of the newborn 104 5(4.81)
Categorical outcomes N Yes n (%)
Main
ADHD diagnosis 96 32 (33.33)

Test
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Anxiety disorder (any) 96 26 (27.08)
Oppositional defiant disorder 96 23 (23.96)

ASRS: ADHD Self-Report Scale; SD: Standard deviation; SNAPPE II: Score for Neonatal Acute Physiology
with Perinatal Extension-1l; STORCH: syphilis, toxoplasmosis, rubella, cytomegalovirus, and herpesvirus
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TABLE 2: Prediction model specifications.

Regression

coefficient Odds ratio

Selected predictors Predictor value

Categorical Variables
Late-onset sepsis confirmed by

Oorl 0.099882617 1.105041197
blood culture

Necrotizing enterocolitis Oorl 0.160930548 1.174603387
Neonatal seizures Oorl 0.11643877 1.123488717
Periventricular leukomalacia Oor1l 1.649606845 5.204933078
Respiratory distress syndrome Oorl 0.357910082 1.430337002
Continuous Variables

Maternal ASRS score 0-72 points 0.032105519 1.032626462
Length of hospital stay number of days 0.00060327 1.000603452
Model Intercept -1.879676438

(-1.879676438) +
(0.099882617 x late-onset sepsis confirmed by blood culture) +
(0.11643877 x neonatal seizures) +
(0.160930548 x necrotizing enterocolitis) +
(1.649606845 x periventricular leukomalacia) +
(0.357910082 x respiratory distress syndrome) +
(0.00060327 x length of hospital stay in days) +
(0.032105519 x maternal ASRS-18 score) =
ADHD RISK (%) FORMULA =100/ (1+exp(-(RISK SCORE)
ONLINE ADHD RISK
CALCULATOR

RISK SCORE FORMULA*

https://jscalc.io/calc/unaQG5TuvzVzuzmV

* Predictor value is 1 when present and zero when absent. ADHD: Attention-deficit/hyperactivity disorder; ASRS: ADHD
Self-Report Scale.



https://jscalc.io/calc/unaQG5TuvzVzuzmV
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Supplementary Figures:
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SUPPLEMENTARY FIGURE 1: Cross-validation procedure.
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Supplementary Tables:

SUPPLEMENTARY TABLE 1: Key study characteristics.

Data collection period
Study design

Setting

Inclusion criteria

Exclusion criteria

Outcome

Test Outcome 1

Test Outcome 2

Reference standard for outcomes

October 2015 to September 2017
Retrospective cohort

NICU at a tertiary care university hospital in
Porto Alegre, Brazil

All VP and/or VLBW patients born from
January 2010 to December 2012

HIV-positive mother

Newborn with genetic syndrome

Newborn with congenital infection

Newborn with cerebral palsy

Attention deficit/hyperactivity disorder
(categorical diagnosis)

Anxiety disorder (any) (categorical diagnosis)
Oppositional defiant disorder (categorical
diagnosis)

K-SADS-PL

NICU: Neonatal intensive care unit; K-SADS-PL: Schedule for Affective Disorders and Schizophrenia for
School-Age Children — Present and Lifetime version; VLBW: very Low birth weight; VP: very preterm;

HIV: human immunodeficiency viruses.
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SUPPLEMENTARY TABLE 2: Risk factors definitions.
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Continuous
variables

Apgar score at 1
minute after birth

A rating of 0, 1, or 2 for each of five characteristics at 1 minute after
birth: skin color, heart rate, response to stimulation of the sole of
the foot, muscle tone, and respiration, with 10 being a perfect
score.

Apgar score at 5
minutes after birth

Birth weight
Gestational age

Head
circumference at
discharge

Length of hospital
stay

SNAPPE I

Total parenteral
nutrition time

Maternal ASRS-18
score

A rating of 0, 1, or 2 for each of five characteristics at 5 minutes
after birth: skin color, heart rate, response to stimulation of the sole
of the foot, muscle tone, and respiration, with 10 being a perfect
score.

Body weight at birth in grams.

Age of pregnancy by obstetric ultrasonography in weeks.
Distance from the most prominent part of the forehead around to
the widest part of the back of the head using a measuring tape,
expressed as z score on the Fenton growth chart for preterm
infants.[23601190]

Calculated by subtracting the day of birth from the day of hospital
discharge.

Score for Neonatal Acute Physiology-Perinatal Extension Il a
score based on the lowest mean blood pressure, the lowest
temperature, the smallest partial pressure of oxygen in arterial
blood/fractional concentration of inspired oxygen (PaO./FiOy),
lowest negative logarithm of the hydrogen ion concentration (pH),
seizures, urinary output, birth weight, low Apgar score, and small
for gestational age.

Time in days of nutritional support given intravenously alone.

ADHD Adult Self-Report Scale (ASRS) score, based on the sum
of item scores for all 18 DSM-IV Criterion A symptoms of adult
ADHD. Each of these items is scored based on the frequency of
the symptom (never = 0 point, rarely = 1 point, sometimes = 2
points, often = 3 points, very often = 4 points). The minimum score
is 0, and the maximum score is 72.

Categorical
variables

Gestational
variables
Chronic arterial
hypertension
Gestational
diabetes mellitus

Low
socioeconomic
status

Pre-eclampsia

Blood pressure exceeding 140/90 mmHg before pregnancy or
before 20 weeks’ gestation.

Glucose intolerance with onset or
pregnancy.

Belonging to class D or E according to the Brazilian economic
classification criteria (Critério Brasil) developed by the Brazilian
Market Research Association (ABEP), based on ownership of
eight types of durable goods, employment of domestic workers,
and level of education attained by the head of household. Available
at http://www.abep.org/criterio-brasil.

A hypertensive syndrome that occurs in pregnant women after 20
weeks of gestation and consists of persistent, recent-onset

first recognition during




Prolonged rupture
of membranes

STORCH

Urinary
tract/ovarian
infection

Neonatal
Bronchopulmonary
dysplasia

Chorioamnionitis
Delayed birth
weight recovery
Hypoglycemia

Late-onset sepsis
confirmed by
blood culture

Male sex

Mechanical
ventilation

Necrotizing
enterocolitis

Neonatal seizures

Peri-
intraventricular
hemorrhage grade
2,3,or4

Periventricular
leukomalacia

Respiratory
distress syndrome

Retinopathy of
prematurity

hypertension (defined as systolic BP 2140 mmHg and/or diastolic
BP 290 mmHg, based on at least two measurements taken at least
4 hours apart) with one or more of the following conditions: 1)
proteinuria (defined as urinary excretion of 20.3 g protein every 24
hours); 2) evidence of systemic involvement, such as renal failure
(elevated creatinine), hepatic impairment (elevated transaminases
and/or right upper quadrant pain), neurological complications,
hematological complications; 3) fetal growth restriction.

Pre-labor rupture of membranes in which more than 18 hours have
passed between rupture and onset of labor.

Maternal diagnosis of syphilis, toxoplasmosis,
cytomegalovirus, or herpesvirus during gestation.

rubella,

Confirmed maternal urinary tract infection or ovarian infection
during gestation.

Need for oxygen for at least 28 days with typical lung radiographic
changes.

Maternal fever and at least two of the following:
maternal leukocytosis, maternal tachycardia, fetal tachycardia,
uterine tenderness, foul odor of amniotic fluid.

Failure to regain birth weight after 14 days of life.

Serum glucose concentration <30 mg/dL (<1.7 mmol/L) in the
preterm infant.

Sepsis presenting after the 72nd hour of life, confirmed by blood
culture.

Sex assignment at birth by inspection of the genitalia when the
baby is delivered.

Assisted artificial ventilation where mechanical means are used to
assist or replace spontaneous breathing.

Clinical features (abdominal distention, bilious vomiting or gastric
aspirate, and rectal bleeding) and abdominal imaging of intramural
gas, pneumoperitoneum, or hepatobiliary gas.

Clinical signs confirmed by electroencephalographic (EEG)
features.

Intraventricular hemorrhage that occupies at least 10 to 50 percent
(grade 2) or more than 50 percent (grade 3) of the lateral ventricle
volume; or periventricular hemorrhagic infarction (grade 4).

Cystic periventricular leukomalacia and white-matter lesions,
defined by cranial ultrasonography and magnetic resonance
imaging at term equivalent.

Onset of progressive respiratory failure shortly after birth
(manifested by an increase in the work of breathing and an
increase in the oxygen requirement), in conjunction with
characteristic chest radiograph findings.

Disorganized growth of retinal blood vessels assessed by
ophthalmologic eye examination.
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Small for
gestational age
Transient
tachypnea of the
newborn

Birth weight below the 10th percentile for gestational age.

Tachypnea (respiratory rate greater than 60 breaths per minute)
within two hours after delivery.
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8. CONSIDERACOES FINAIS

Dada a propor¢gédo aumentada de criangas nascendo e sobrevivendo ao parto
prematuro e ao baixo peso ao nascer, as consequéncias a longo prazo para os
individuos e a sociedade devem ser abordadas. Esta tese de doutorado teve como
resultado a producao de 2 artigos cientificos, um dos quais se encontra publicado e o
segundo encontra-se pronto para submisséo.

O primeiro artigo realizou uma revisdo sistemética e meta-analise, onde
avaliamos o risco de individuos MP/MBPN e EP/EBPN em desenvolver TDAH,
enfatizando diagndsticos categoéricos e dimensionais bem definidos e fornecendo
evidéncias de associacdes robustas. Em 12 estudos de diagnéstico categdrico em que
0s pesquisadores avaliaram um total de 1.787 individuos, sugeriu-se que individuos
MP/MBPN e EP/EBPN tenham aproximadamente 3 vezes mais chances de serem
diagnosticados com TDAH do que controles nascidos a termo. No grupo MP/MBPN,
essa probabilidade foi aproximadamente duplicada, enquanto no grupo EP/EBPN foi
aumentada quatro vezes. Esse aumento de risco de TDAH de aproximadamente
300% talvez seja o fator de risco ambiental mais forte para o TDAH de qualquer tipo
(biolégico ou ambiental) até agora descrito.

Ainda no artigo 1, em 29 estudos sobre sintomas de TDAH envolvendo um total
de 3.504 individuos, demonstramos que o0s sintomas de desatencdo e
hiperatividade/impulsividade estdo associados de maneira semelhante aos recém-
nascidos MP/MBPN, com grandes tamanhos de efeito encontrados para as
dimensbes de desatencdo e tamanhos de efeito moderados para
hiperatividade/impulsividade.

Ja no segundo artigo, construimos uma calculadora de risco facil de usar para
prever, entre os recém-nascidos MP/MBPN, o risco de desenvolver o diagndstico de
TDAH cerca de 6 anos depois. Constatamos que a combinacdo do namero total de
sintomas de TDAH da méae e alguns dados categoricos neonatais (tempo de
internacdo, sepse tardia confirmada por hemocultura, enterocolite necrosante,
convulsdes neonatais, leucomalacia periventricular e sindrome do desconforto

respiratério) alcancaram bom desempenho para discriminar entre aqueles que
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desenvolverdo TDAH vs. aqueles que néo o fardo. O modelo mostrou especificidade
para o TDAH em comparacdo com outras psicopatologias infantis comuns
(Transtornos de Ansiedade e Transtorno de Oposicéo e Desafio).

Do ponto de vista clinico, a calculadora de risco representa uma ferramenta
pratica para a identificacdo precoce de criancas MP/MBPN com alto risco para
diagnéstico futuro de TDAH. Este instrumento pode ser usado por pediatras, médicos
de cuidados primarios e quaisquer outros meédicos que cuidam desses pacientes.
Tendo uma melhor estimativa de risco, os médicos podem selecionar pacientes que
necessitem de um monitoramento mais de perto. Além disso, a identificagdo precoce
dos sintomas do TDAH pode possibilitar intervencdes preventivas e de tratamento
precoces, a fim de reduzir o aparecimento ou comprometimento do TDAH na familia,
na escola, no trabalho e nos relacionamentos. A criacdo de intervencdes de carater
preventivo especificas para as familias, para as gestantes, para 0s neonatos e para
as criancas sdo necessarias para minimizar os efeitos da prematuridade, do baixo
peso ao nascer e, consequentemente do TDAH.

Do ponto de vista da pesquisa, estudos futuros devem se concentrar em
replicar a calculadora de risco em amostras populacionais de maior escala, realizar
validacOes externas em outros paises e avaliar a eficacia na estratificacao de risco da
calculadora. Além disso, € necessario esclarecer os mecanismos fisiopatolégicos por
trds dos fatores de risco pré-natais e neonatais para TDAH, tanto genéticos quanto
ambientais, para melhorar nossa compreensdo da etiologia do TDAH e para
desenvolver estratégias de prevencado e intervencado clinicamente apropriadas para

minimizar a morbidade das criangcas MP/MBPN.
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9. ANEXOS

9.1 COMENTARIO PUBLICADO DO ARTIGO 1

ADHD and Early Experience: Revisiting the Case of Low Birth Weight

Joel T. Nigg @ and Minkyoung Song

a Department of Psychiatry, Doernbecher Children’s Hospital

b School of Nursing, Oregon Health & Science University, Portland, Oregon

Pediatrics January 2018, 141 (1) e20173488;
DOI: https://doi.org/10.1542/peds.2017-3488
PEDIATRICS (ISSN Numbers: Print, 0031-4005; Online, 1098-4275).

Abbreviations

ADHD: attention-deficit/hyperactivity disorder
LBW: low birth weight
PM: premature

The improving survival rates of extremely low, very low, and low birth weight
(LBW) and premature (PM) infants are good news. Scientifically, they raise complex
questions about trends in the incidence of neurodevelopmental conditions (1), from
severe injuries like cerebral palsy, now declining after earlier increases in incidence
(2), to subtler yet also disabling and costly conditions like attention-deficit/hyperactivity
disorder (ADHD), whose true incidence likewise may not have increased in the past
15 years (3).

In the accompanying meta-analysis by Franz et al (4), the magnitude of the

association of LBW/PM with ADHD is striking; at a risk increase of ~300%, it is perhaps


https://pediatrics.aappublications.org/content/141/1/e20173488.long#ref-1
https://pediatrics.aappublications.org/content/141/1/e20173488.long#ref-2
https://pediatrics.aappublications.org/content/141/1/e20173488.long#ref-3
https://pediatrics.aappublications.org/content/141/1/e20173488.long#ref-4

174

the strongest single risk factor for ADHD of any type (biological or environmental) now
known. At this effect size, LBW/PM would characterize a substantial portion of ADHD
cases. Researchers of ADHD populations who can clarify how many patients had
LBW/PM, and who can include more in-depth characterization of ADHD than was
possible in many of the studies included by Franz et al (4) will help to determine how
well these findings generalize across different sampling approaches.

LBW is multiply determined, but it also has modest heritability (5). The authors
of studies of LBW have rarely if ever considered causally informative designs (6) to
take into account genotype-environment correlation or other unmeasured third causes
of both LBW/PM and ADHD. For example, a study of surrogate mothers revealed that
much of maternal smoking’s association with offspring ADHD is accounted for by
genotype-environment correlation (7). Thus, causal inferences should be made
cautiously here. However, the modest heritability of LBW compared with ADHD could
suggest that the direct effect of LBW/PM on ADHD cannot be accounted for entirely by
genotype-environment correlation. Thus, with their findings, Franz et al (4) underscore
the commonplace understanding that ADHD is not determined simply by heredity, but
more likely by the interplay of genetic and environmental dynamics, and that the
disorder may ultimately be understood as an epigenetic condition (8,9).

It is possible that many informative studies were excluded from the meta-
analysis, and the authors note other limitations (heterogeneity of effect sizes, pooling
across time and nation). We also note that the many important contributors to LBW/PM,
such as maternal smoking, were, perhaps necessarily, beyond the scope of the current
report. Yet, it is unlikely that these concerns would overturn the present findings. For
example, LBW is associated with ADHD even when maternal smoking is considered
in a comparison of LBW and children with normal birth weight (10).

The magnitude of the observed association raises several additional questions.
First, how specific is this linkage to ADHD? As the authors document, other conditions
besides ADHD can arise from LBW/PM, but, apparently, few study authors have
looked at ADHD and other conditions together in the same cohort. It may be that the
effect size is similar for ADHD as for anxiety or other conditions, but this is unclear

when one considers their frequent overlap. If the association with ADHD is reliably


https://pediatrics.aappublications.org/content/141/1/e20173488.long#ref-4
https://pediatrics.aappublications.org/content/141/1/e20173488.long#ref-5
https://pediatrics.aappublications.org/content/141/1/e20173488.long#ref-6
https://pediatrics.aappublications.org/content/141/1/e20173488.long#ref-7
https://pediatrics.aappublications.org/content/141/1/e20173488.long#ref-4
https://pediatrics.aappublications.org/content/141/1/e20173488.long#ref-8
https://pediatrics.aappublications.org/content/141/1/e20173488.long#ref-9
https://pediatrics.aappublications.org/content/141/1/e20173488.long#ref-10
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larger than with other developmental conditions, why would this be? Does LBW/PM
primarily confer greater susceptibility to whatever follows, and if so, then how is what
follows ultimately determined? Crucially, how do some children at risk because of
LBW/PM avoid neurodevelopmental harm? Again, of course, genetic susceptibility is
likely one important moderator. But early risk further interacts with postnatal
experiences, such as caregiver attunement or breastfeeding (11), that may be able to
rescue children at risk from LBW/PM, perhaps by epigenetic alterations (12). It will be
important to identify such actionable protective mechanisms.

This raises another key question: what are the key mediators in this
association? Potentially traceable biological injury is of particular interest. The authors
mention some of the many possible biological mechanisms that might mediate this
effect but did not attempt to address that question in the current study, probably
because of a shortage of comparable studies. In particular, along with the expected
influence of genetic susceptibilities, do variable outcomes depend on the particular
nature of the injury (e.g., germinal matrix/intraventricular hemorrhage versus
parenchymal lesions(13))? Ongoing progress in brain imaging of fetal and neonatal
brain structure and function holds considerable promise here.

Of particular interest is understanding the association between LBW/PM and
ADHD-related comorbid conditions. For example, how does this association parse in
relation to comorbid features of ADHD (besides inattention or hyperactivity as
examined here), such as motor development (14) or emotional irritability? As the
authors note, the authors of several studies have suggested potential features of
ADHD with LBW/PM, including more neurologic problems but less psychiatric
comorbidity. It was unfortunate that study variation prevented the authors from being
able to pool such effects. This point now warrants much more focused investigation in
light of emerging ideas about heterogeneity in ADHD and other disorders.

Overall, the increasing evidence of early-life influences on ADHD requires
explanation. It also raises new opportunities for understanding ADHD etiology at the
level both of mechanisms and of individual clinical variation. In addition, these types of
findings reveal the need for new prospective studies of early development, in which

scientists can consider genetic and environmental effects together. In particular, an


https://pediatrics.aappublications.org/content/141/1/e20173488.long#ref-11
https://pediatrics.aappublications.org/content/141/1/e20173488.long#ref-12
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approach in which epigenetic change in relation to early experience is examined and
in which, when possible, causally informative designs are used (6) could dramatically
improve current understanding of ADHD etiology. The coming generation of research
on ADHD is likely to include more sophisticated, integrative accounts of how subtle

neurodevelopmental injury is involved in child psychiatric conditions such as ADHD.

Footnotes: Opinions expressed in these commentaries are those of the authors and
not necessarily those of the American Academy of Pediatrics or its Committees.
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Abstract

Objective: Evaluate whether ADHD imposes extra inhibitory control (IC) deficits in

preschoolers born very premature and/or with very low-birth weight (VP/VLBW).

Methods: 79 VP/VLBW (4 to 7 years) children were assessed for ADHD using KSADS-
PL. IC was measured by K-CPT 2 and BRIEF-P.

Results: Significant differences were not found between ADHD (n=24) and non-ADHD
children (n=55) for any of the measures (p=0.062 to p=0.903). Both groups had deficits
in most K-CPT 2 scores compared to normative samples, indicating poor IC and

inconsistent reaction time.

Conclusions: ADHD does not aggravate IC deficits in VP/VLBW children. Either
neuropsychological tasks and parent reports on executive functions (EFs) may not be
sensitive enough to differentiate VP/VLBW preschoolers with and without ADHD or
these children already have such impairments in EFs that there is not much room for

additional impairments imposed by ADHD.

Keywords: Inhibitory control. Prematurity. Preschool. ADHD.



181

INTRODUCTION

Preterm birth is defined as birth occurring before 37 full weeks of gestation.
Around the world, its prevalence ranges from 5% to 18% (1). There are sub-categories
of preterm birth, based on gestational age: extremely preterm (less than 28 weeks);
very preterm (less than 32 weeks); and moderate to late preterm (32 to 37 weeks).
According to birth weight, newborns can be classified as very low birth weight (VLBW)
(less than 1500 grams), and extremely low birth weight (ELBW) (less than 1000 grams)
(2).

Although in recent years the survival rates for very preterm (VP) and VLBW
babies have increased due to advances in perinatal and neonatal care (3), death and
disability risks are still high for these groups 2. For instance, several structures of the
central nervous system may be compromised in VP/VLBW children (4). Alterations in
brain structure may in turn translate to neuropsychological deficits in executive
functions (3).

Prematurity is frequently associated to neurodevelopmental disorders, such as
ADHD (5). ADHD is characterized by inattention and/or hyperactivity/impulsivity
interfering with functioning (6). Validity of ADHD diagnosis in preschool children has
already been established (7). Overall, neuropsychological studies on preschoolers with
ADHD show similar results to those on school-aged children (8), including deficits in
response inhibition, delay aversion, working memory, and sustained attention (9,10).
Regarding inhibition, preschool children with ADHD tend to present a significantly
lower performance in inhibitory control tasks and inventories when compared to those
without the disorder (11-13).

Although ADHD is a very common disorder in children born premature and/or
at very low birth weight (3, 14), few studies investigated whether ADHD decreases
even more inhibitory control performances in premature children. To our knowledge,
only one study compared preterm children with and without ADHD using a
neuropsychological task. Both neurophysiological and neuropsychological tasks were

used, and inhibitory impairments and reaction time variability were found only in
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preterm and term children with ADHD (15). It is important to notice, however, that this
study has a limited sample of 21 preterm participants.

Based on the literature reviewed above, we aimed to assess if ADHD imposes
extra inhibitory control deficit in VP/VLBW preschool children. As ADHD and
prematurity are associated to inhibitory control deficits, we hypothesized that
premature infants with ADHD would present greater impairment in this function when

compared to those without the disorder.

METHODS

Participants

This is a case control study in which preschool children born very prematurely
(less than 32 weeks) and/or with very low birth weight (under 1,500 g) diagnosed with
ADHD were compared to those without the disorder. The sample included children
between 4 and 7 years of age at the time of the assessment who had previously been
hospitalized at the Neonatology Service Unit of our University Hospital in Porto Alegre,
Brazil. The survivors among those born from January 1%, 2010 to July 31%t, 2012 were
eligible for the study (n=129). Children diagnosed with either a genetic syndrome,
cerebral palsy, or with congenital infections (HIV or syphilis) were excluded from the
sample (n=25; see Figure 1). From the final sample (n=104), 2 families refused to
participate and 6 could not be located. Finally, data was collected from 96 families. For
the purpose of this study children with an IQ lower than 50 and those diagnosed with
Bipolar Disorder or Autism Spectrum Disorder were excluded. Thus, our sample was
composed by 79 children for whom parents provided valid scores in the BRIEF-P

inventory and 70 preschoolers with valid K-CPT 2 scores (see Figure 1).

Data collection and diagnostic procedures

Eligible participants were selected from the Neonatology Service Unit records.

They were reached through phone calls, e-mail, mail, social media or home visits. Data
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collection occurred at the hospital or at the family residence and took an average of
two hours with the parents and 30 minutes with the children. Diagnostic process relied
on the use of a semi-structured interview - KSADS-PL (16) - administered by a trained
child psychiatrist and answered by the child’s parents.

Participants verbally agreed to take part in the study, and parents provided
written informed consent. This study was approved by the Ethics Committee of the

University Hospital - Hospital de Clinicas de Porto Alegre (HCPA).

Neuropsychological assessment

Trained psychologists assessed children in a single session. 1Q was estimated
through a short version (17) of the Wechsler Preschool and Primary Scale of
Intelligence (WPPSI) (18) composed of four subtests: Block Design, Comprehension,
Picture Completion and Arithmetic. Inhibitory control was measured by a computerized
task (K-CPT 2) and a behavioral inventory (BRIEF-P) responded by parents or legal
guardians. Both instruments are described below:

Conners' Kiddie Continuous Performance Test (K-CPT 2) (19) is a
computerized task designed to assess inhibitory control, sustained attention and
visual-motor speed. The participant is asked to respond (press the space bar) to all
targets presented on a computer screen but refrain from responding to non-targets.

The Behavior Rating Inventory of Executive Function - Preschool Version
(BRIEF-P) evaluates daily behaviors associated with specific domains of executive
functioning based on parents’ report. Three indexes based on theoretical and empirical
factor analytic findings are provided (20): Inhibitory Self-Control Index (ISCI), Flexibility
Index (FI) and Emergent Metacognition Index (EMI). A Brazilian translated version was

adapted and provided by the Publisher, Psychological Assessment Resources.

Statistical analysis

Descriptive analyses were conducted to characterize the sample. Potential

confounders investigated were age, 1Q, gender, gestational age, socioeconomic
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status, and comorbidities (anxiety disorders and oppositional defiant disorder), using
chi-square test for categorical variables and t-test for continuous variables. Those with
a p<0.10 were included in the model (IQ and Oppositional Defiant Disorder). Age was
also included because all analyses were conducted with raw scores. K-CPT 2 and
BRIEF-P scores were compared through two independent ANCOVAs. The analyses
were performed using version 18.0 of the Statistical Package for the Social Sciences
for Windows (SPSS Inc., Chicago, IL, USA) and a p<0.05 was considered significant.
Effect size was calculated using partial eta squared and its magnitude defined
according to the following interpretation: eta squared <0.06 = small; 0.06-0.14 =
medium, >0.14 = large effect size (21). The frequency of cases with a worse
performance (>1 standard deviation from normative data) was also calculated and
group (ADHD vs. non-ADHD) differences were investigated using chi-square test.
Normative scores for both tests were obtained respectively from a Brazilian sample

(22) and the original BRIEF-P manual’s American sample (20).

RESULTS

Data from 79 participants was analyzed for BRIEF-P scores. Nine participants
either refused to finish the K-CPT 2 or the assessment was considered invalid,
resulting in a total sample of 70 children with K-CPT 2 data. Demographic and clinical
data can be found in Table 1.

Findings emerging from ANCOVAs did not reveal significant differences
between ADHD versus non-ADHD groups neither for any of the BRIEF-P scores nor
for K-CPT 2 variables (p=0.062 to p=0.903). All effect sizes were small (Table 2).
Correlations between K-CPT 2 and BRIEF-P scores were all non-significant and
ranged from -0.197 to 0.121.

Frequency of cases with a worse performance (>1 SD from the normative mean)
on both instruments was also analyzed. Regarding BRIEF-P scores, 12 children
(15.2%) satisfied this condition for the Inhibitory Self-Control Index. For Flexibility and

Emergent Metacognition Index, 6 (7.6%) and 17 (21.5%) children respectively were
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included in the group with worst performance. No association was found between
ADHD and a worse performance in BRIEF-P Indexes (see Table 3).

Regarding a worst K-CPT 2 performance (>1 SD from the normative mean), 69
children (98.6%) fulfilled this condition for the HRT SD index, 60 (85.7%) for variability,
42 (60%) for HRT Block Change and 55 (78.6%) for HRT ISI. The other indexes results
were as follows: Omissions 38 (54.3%), Commissions 31 (44.3%), Perseverations 15
(21.4%) and HRT 20 (28.6%) children. We also did not find an association between
ADHD and a worse performance in the K-CPT 2 scores (see Table 3).

DISCUSSION

Current evidence shows that deficits in inhibitory control are present both in
ADHD (10, 13, 08, 12) and in children born very prematurely (23, 3). However, to our
knowledge, only one study compared inhibitory control in VP/VLBW children with and
without ADHD. Contrary to our original hypothesis, our results revealed no significant
differences in inhibitory control between VP/VLBW children with and without ADHD.

In general, a low correlation is found between executive functions performance
tests and behavior scales in the literature (24). The type of selected measurement
(behavioral reports or laboratory measures) can also influence the results, either by
their intercorrelations or by their associations with ADHD (25). For this reason, we used
both a performance measure (K-CPT 2) and a parent rated behavior scale (BRIEF-P).
We found consistent results across instruments, indicating no differences between
ADHD and non-ADHD groups. Also, as described in the literature, correlations
between both types of measures were low.

Given that, we further analyzed whether both groups’ results were 1 SD far from
the normative mean, expressing a deficit when comparing to the normative samples of
K-CPT2 and BRIEF-P. We chose a lenient threshold - one standard deviation or 15,9%
out of the normal distribution mean - to identify cases that showed even a mild difficulty.
BRIEF-P results indicated that the ADHD group has a slightly higher frequency than
that predicted by a normal distribution in Inhibitory Self-Control and Emergent

Metacognition Scales. This happened only for Emergent Metacognition for the non-
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ADHD group. Despite that, differences were not significant and both groups had at
least 70.83% of their children with a performance considered to be in the normal range.
Although previous studies show that EFs deficits are present in ADHD and VP/VLBW
patients, rating scales focus on a global and more nonspecific observation of executive
functioning in the everyday context. They also depend on parent ratings, which might
be biased by different development expectations (26). This might have influenced our
results, since our sample is characterized by a global developmental delay.

Overall, K-CPT 2 scores pointed to a higher number of participants in the
clinical-suggestive range, with no significant differences between groups. Omissions,
Commissions, Hit Reaction Time and Hit Reaction Time Block Change indicated that
26 to 67% of the children had a performance higher than one standard deviation from
the normative mean, independent of group status. These measures are related to
inattention, impulsivity, speed of processing, and vigilance - respectively. Specifically
about Commissions, a measure related to impulsivity and inhibitory control, 38% of the
ADHD group and 46% of the non-ADHD group fell in the clinical range, as suggested
by the literature (10, 27).

Regarding reaction time variability (RTV), 76.2% to 100% of the sample showed
an impaired performance and, again, no differences were found between groups. This
variability is associated with most childhood psychiatric disorders, traumatic brain
injury, dementia and aging populations (28, 27). Few studies investigated this issue in
premature children. Adolescents born prematurely show an impairment in reaction time
variability when compared to controls, but this impairment is milder than the one found
in term-born ADHD adolescents (14). This result, however, was not observed in the
same sample when another cognitive test was analyzed (29) . Although this construct
still remains understudied in prematurity, it is well established that a higher than usual
RTV is present in ADHD and is also a marker of general psychopathology (30, 28, 27).
The pathophysiology of RTV is usually associated to abnormal frontal lobe volume
and/or activation (28). Cortical maturation of the frontal lobe is delayed in ADHD
children (31), and a meta-analysis showed an overall reduction in brain volume,

including white and gray matter in VP/VLBW school-aged children (32). Specifically in
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preschool children, a delay in normal cortical and surface development is associated
to prematurity (33).

Another important aspect to discuss is that our sample was characterized by a
below average mean 1Q, independently of the group. However, this is not an
unexpected finding since low birth weight is also associated with below-average 1Q.
The high degree of nervous system immaturity and the greater susceptibility to
neonatal complications may lead to cognitive impairment. The cerebral networks of
children with low birth weight are less connected, with lower brain volumes and lower
cortical surface area, which might result in impaired cognitive functions (02, 34). In
addition, results of a meta-analysis also showed that ADHD is associated to lower
overall cognitive ability when compared to healthy controls (35).

The nature of the relationship between intelligence and executive functions is
still controversial (36). Although many variables are included in the broader concept of
executive functions, they are actually separable to a certain degree and differently
correlated to each other as well as to the many areas of the brain (37). Among all other
executive functions, inhibition has been found to have a low correlation to IQ (38). The
same conception is valid for RTV: although higher inconsistency is related to lower 1Q,
the variance explained by 1Q is usually small (39). A recent meta-analysis showed
evidence for a low to moderate correlation with matrix intelligence tests - which are
less affected by cultural aspects (40). Taking that into account, the deficits found in our
sample in inhibitory control and RTV may be only partially explained by the low 1Q of
the participants.

Our findings should be understood in the context of some limitations. Although
our sample’s low average 1Q is frequent in VP/VLBW children and it might not fully
explain our results, we cannot discard it as limitation. Further studies investigating
average-lQ preterm/low-birth preschooler's performance might improve our
understanding of the impact of ADHD in executive functions in this population.
Additionally, our moderate sample size in both groups might have decreased the power
to detect between-group differences. However, it is important to note that all between

group ES were small for both BRIEF-P and K-CPT 2 scores. Furthermore, the absence
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of a full-term control sample imposes limitations for our analyses, making us rely on

normative data for comparisons.

CONCLUSIONS

This study provides evidence for deficits in the performance of inhibitory control
tests in preschool children born VP and/or with VLBW. The presence of ADHD did not
impose an extra burden for the child’s tests performance. Parents’ reports seem to
present lower sensitivity to capture executive deficits in this population. Impairment in
RTV, a more basic cognitive process, was found in most participants, independent of
group status. Our findings suggest that either neuropsychological tasks and parent
reports on EFs may not be sufficiently sensitive to differentiate between ADHD and
non-ADHD in VP/VLBW preschool children, or that these children already have a level
of impairment in executive functions that does not leave much more room for additional
impairment. More large-scale studies investigating the nature and long-term effects of
inhibitory control deficits in these vulnerable populations are needed.
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Premature babies born from
January 1°, 2010 to July 31, 2012.

Excluded

Cerebral palsy (16 )
Genetic syndrome (03)
Congenital infections
(HIV + Syphilis) (6)

N=25

N=208
Deaths Live
N=79 N=129
Not Found Eligible
N=06 N=104

Refused

N=02

Collected

N=96 (92,31%)

Excluded

Brief-p + K-CTP 2

1Q <50 (09)
Autism Spectrum Disorder (06)
Potential Bipolar Disorder (02)
N=17

K-CTP 2

Test invalid or deny (09)
N=09

Total Analyzed

Brief-p n=79
(82,29%)

K-CPT 2 n=70
(72,91%)

FIGURE 1: Sample selection flowchart.
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Age

(years) 5.58 (0.92)
69.88

IQ (15.87)

Gestational

age 30 (2.53)

(weeks)

SES 24.08

(7.76)

TABLE 1: Sample Description.

5.46 (0.72) 0.257 5.81 (0.90)

76.64 70.52
a7.20) %104 (1658)
30.11

30.27 (2.49) 0.678 260)
23.90

26.40 (7.57) 0.218 e

Gender 0 0 11

(male) 12 (50%) 26 (47,27%) 0.823 (52.38%)
11 o 0

ODD (45,83%) 6 (10,90%) 0.001 6 (28.57%)

Any

Anxiety 7(29,17%) 13 (23.64%) 0.603 5 (23.81%)

Disorder

5.48
(0.73)
78.04

(17.44)

30.37
(2.42)

26.57
(7.53)

22
(44.90%)

9
(18.37%)

13
(26.53%)

196

0.114

0.098

0.565

0.004

0.811

Abbreviations: ADHD, Attention Deficit/Hyperactivity Disorder; SD, Standard Deviation; 1Q,
Intelligence Quotient; SES, Socioeconomic Status (higher is better); ODD, Oppositional Defiant

Disorder.
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TABLE 2: ADHD vs non-ADHD performance in Executive Function measures.

ADHD Non-ADHD
mean (SE) mean (SE) | p-value| ES
BRIEF-P* (n=24) (n=55)
Inhibitory Self-Control 40.13 (1.87)  35.46 (1.62) 0.062 0.046
Flexibility 26.6 (1.38) 26.32 (1.2) 0.88 0.001
Emergent Metacognition 40.60 (2.01) 39.72 (1.74) 0.74 0.002
K-CPT 2* (n=21) (n=49)
Omissions 40.58 (7.21)  36.29 (5.78) 0.637 0.004
Commissions 104.69 (10.86) 103.03 (8.70) 0.903 0.001
Perseverations 7.18 (2.43) 8.89 (1.95) 0.576 0.005
693.73
HRT 726.37 (38.11) (30.56) 0.496 0.007
361.91
HRT SD 374.32 (27.58) (22.11) 0.72 0.002
Variability 112.66 (12.48) 127.74 (9.99) 0.336 0.017
HRT Block Change -0.960 (9.39) 12.48 (7.77) 0.264 0.02
HRT ISI 112.30 (21.68) 77.78 (17.39)  0.208 0.025

*Potential confounders: age, estimated 1Q, Oppositional Defiant Disorder; all measures are raw

scores.

Abbreviations: ADHD, Attention Deficit/Hyperactivity Disorder; ES, effect size; BRIEF-P, Behavior
Rating Inventory of Executive Function - Preschool Version; K-CPT 2, Conners' Kiddie Continuous
Performance Test; HRT, hit reaction time; HRT SD, hit reaction time standard deviation; HRT Block

Change, Hit Reaction Time Block Change; HRT ISI, Hit Reaction Time Interstimulus-Interval.



TABLE 3: Executive Function deficits in ADHD vs non-ADHD children.
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ADHD non-ADHD
>1SD <1SD >1SD <1SD V(,f“'Je
BRIEF-P n=24 n=55
'c’:‘g‘::fg’lry Self- 6(25%) 18 (75%) 6 (10.91%) 49 (89.09%) 0.109
o 23
0 0] 0,
Flexibility 1(417%) (955 5 (009%) 50(0091%) 0.447
Emergent o 17 0 0
Metacognition 7(29.17%) (70539, 10(1818%) 45(8L8L%) 0.275
K-CPT2 n=21 n=49
Omissions (57_1401/02) 9 (42.86%) 26 (53.06%) 23 (46.93%) 0.753
Commissions 8 (38.1%) 13 53 46.94%) 26 (53.06%) 0.495
(61.90%)
. 16
0, 0, 0,
Perseverations 5 (23.81%) (76.19%) 10 (20.41%) 39 (79.60%) 0.751
14
0, 0, 0,
HRT 7(3333%)  (g5o706 13(26.53%) 36(7347%) 0564
HRT SD (95_2402/0(; 1(4.76%) 49 (100%) 0(0%) 0.124
Variability (80_9501/07) 4(19.05%) 43 (87.76%) 6 (12.24%)  0.456
HRT Block . 12 , ,
Change O (42.86%) (g7 1490 33(67.35%) 16(32.65%) 0.055
HRT IS 16 (76.2%) 5(23.81%) 39 (79.6%) 10 (20.41%) 0.751

Abbreviations: ADHD, Attention Deficit/Hyperactivity Disorder; SD, Standard Deviation; HRT, Hit
Reaction Time; HRT SD, Hit Reaction Time Standard Deviation; HRT Block Change, Hit Reaction
Time Block Change; Hit Reaction Time Interstimulus Interval.
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9.3 TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO

Estamos convidando vocé e a crianga pela qual vocé é responsavel a participar
da pesquisa "Fatores de Risco Para Transtorno de Déficit de Atencao/Hiperatividade
em Criancas Muito Prematuras e/ou com Muito Baixo Peso ao Nascer" desenvolvido
pelo Programa de Transtorno de Déficit de Atencao/Hiperatividade (ProDAH) e pelo
Servico de Neonatologia do Hospital de Clinicas de Porto Alegre (HCPA).

O Transtorno de Déficit de Atencao/Hiperatividade (TDAH) € uma condicéo
psiquiatrica que afeta criancas, adolescentes e adultos, e tem como caracteristicas
principais um excesso de hiperatividade e impulsividade, e dificuldade em manter a
atencdo durante as atividades didrias. Se nao diagnosticado e tratado
adequadamente, o TDAH pode causar prejuizos no convivio familiar/social, e fraco
desempenho escolar e profissional.

Criancas que nasceram prematuras, ou seja, antes do tempo esperado para
uma gestacao normal, tem mais chances de desenvolver o TDAH no futuro quando
comparadas a criancas que nasceram na idade gestacional esperada. Entretanto,
ainda ndo estd bem estabelecido quais sdo as caracteristicas que a crianca que
nasceu prematura apresenta e que a fazem desenvolver o TDAH.

Nosso objetivo € criar um escore de avaliagdo que ajude pediatras a identificar,
entre criangas que nasceram muito prematuras (com menos de 32 semanas de
gestacdo) e/ou de muito baixo peso ao nascer (menos de 1,5 Kg), aquelas que
apresentam risco maior de desenvolver TDAH no futuro, buscando assim uma triagem
precoce dessa doenca.

Ao aceitarem participar do estudo, a crianca pela qual vocé é responsavel sera
avaliada por um psiquiatra especialista em infancia e adolescéncia. A avaliagéo
consiste em uma entrevista psiquiatrica, onde serdo feitas perguntas e preenchidos
guestionarios a respeito do comportamento da crianca com o objetivo de avaliar os
sintomas atencionais, de hiperatividade e impulsividade. Também sera fornecido um
questionario a ser entregue e preenchido pelo professor da escola de educacao
infantil, pré-escola ou escola no caso de a crianca pela qual vocé é responsavel estar

frequentando esses locais. Também acessaremos dados da crianga ja coletados
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previamente, durante o nascimento e internacdo hospitalar, tais como idade
gestacional, peso ao nascimento, problemas de saude na internacdo neonatal,
exames de neuroimagem, informacgdes da mae como idade, nivel sécio econémico,
escolaridade e historia familiar TDAH.

Havendo um diagndstico positivo de TDAH, o médico da equipe ira explicar a
doenca e ird sugerir quais 0s encaminhamentos necessarios para o tratamento da
condicao na rede publica.

As avaliagfes serdo realizadas no Centro de Pesquisa Clinica do HCPA, terdo
duracdo de aproximadamente uma hora e meia e ocorrerdo na seguinte ordem:
consulta atual (hoje), consulta complementar, se necessario de acordo com o tempo
que leva para responder aos questionarios e consulta de devolucdo dos resultados de
nossas avaliacbes onde forneceremos um resumo das avaliacbes que poderdo ser
entregues ao médico assistente do individuo. Em cada uma das avaliacfes o paciente
sera atendido por um médico psiquiatra especialista em infancia e adolescéncia.

Para este estudo ndo sédo conhecidos riscos associados aos procedimentos
previstos. Pode haver algum desconforto a vocé ou a crianga ao responder a algumas
perguntas pessoais, sendo que € possivel interromper a participacdo a qualquer
momento. Como beneficio aos participantes, vocé também receberd uma avaliacao
psiquiatrica realizada por uma equipe com ampla experiéncia na saude mental,
sobretudo o TDAH em criangas e adolescentes, tendo a possibilidade de identificar
alguns sintomas ainda néo identificados. O estudo também contribuira para o aumento
do conhecimento sobre o assunto estudado e os resultados poderdo auxiliar a
realizacéo de estudos futuros.

A sua participacdo e da crianca pela qual vocé é responsavel é totalmente
voluntaria e vocé pode desistir guando desejar. Vocé tem o direito de ndo participar
desta pesquisa. A nao participacdo ou desisténcia apos ingressar no estudo nao
implicara em nenhum tipo de prejuizo de qualquer natureza ao paciente e/ou seus
familiares. A participagdo no estudo ndo implicard em nenhum tipo de avaliagdo
curricular. A recusa em participar ou a desisténcia da participacao ao longo do estudo

nao acarretara nenhum prejuizo ao vinculo com a instituicéo.
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N&o esta previsto nenhum tipo de pagamento pela participacdo no estudo e o
participante ndo terd nenhum custo com respeito aos procedimentos envolvidos. A
equipe se responsabiliza em fornecer passagem de Onibus para a crianga e um adulto
responsavel acompanhante, ida e volta para aqueles individuos residentes em Porto
Alegre.

Os pesquisadores se comprometem em manter a confidencialidade dos seus
dados de identificacdo pessoal e os resultados serdo divulgados de maneira
agrupada, sem a identificacdo dos individuos que participaram do estudo.

Todas as duvidas poderdo ser esclarecidas antes e durante o curso da
pesquisa através do contato com o Dr. Adelar Pedro Franz ou com o pesquisador
responsavel, Dr. Luis Augusto Rohde, pelo telefone 51-3359-8094 (horario comercial),
ou 51-3359-8272 todas as sextas-feiras das 13:30h as 16:30h. Se desejar
esclarecimentos quanto a questdes de ética em pesquisa, 0 Comité de Etica em
Pesquisa podera ser contatado para esclarecimento de duvidas, no 2° andar do
HCPA, sala 2227, ou através do telefone 33597640, das 8h as 17h, de segunda a
sexta. Este documento sera elaborado em duas vias, sendo uma delas entregue ao
participante e outra mantida pelo grupo de pesquisadores.

Entendi as informacdes prestadas, tive a oportunidade de esclarecer minhas

davidas e declaro estar de acordo com a participacdo neste estudo.

Nome completo da crianca:

Nome completo do responsavel:

Assinatura do responsavel:

Nome do pesquisador:

Assinatura do pesquisador:

Porto Alegre, / /




9.4 ADULT ADHD SELF REPORT SCALE
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g
o | 9 o]
2| 8| &8|5
Responda a todas as perguntas abaixo. Marque um X no espaco que S| 5| > g %
melhor descreve vocé nos ultimos 6 meses (sé marque 1 resposta em = % gl e 3
cada linha). Z| S| E|S|T
> pus
Xlo| 8|5
< | x| S
=
1. Com que frequéncia vocé comete erros por falta de atencao quando tem de
. o o1 |2 |34
trabalhar num projeto chato ou dificil?
2. Com que frequéncia vocé tem dificuldade para manter a atencdo quando
. " 0| 1|2 ]| 3|4
esta fazendo um trabalho chato ou repetitivo?
3. Com que frequéncia vocé tem dificuldade para se concentrar no que as
! ~ . N O|1|2 |3 |4
pessoas dizem, mesmo quando elas estéo falando diretamente com vocé?
4. Com que frequéncia vocé deixa um projeto pela metade depois de ja ter
. A 0| 1|2 | 3|4
feito as partes mais dificeis?
5. Com que frequéncia vocé tem dificuldade para fazer um trabalho que exige ol1l213]|a
organizagdo?
6. Quando vocé precisa fazer algo que exige muita concentracdo, com que 0 1121314
frequéncia vocé evita ou adia o inicio?
7. Com que frequéncia vocé coloca as coisas fora do lugar ou tem de
e . o1 |2 |3 |4
dificuldade de encontrar as coisas em casa ou no trabalho?
8. Com que frequéncia vocé se distrai com atividades ou barulho a sua volta? | 0 112 |3 ]| 4
9. Com que frequéncia vocé tem dificuldade para lembrar de compromissos ol1l213]|a
ou obrigac¢des?
PARTE A — TOTAL
1. Com que frequéncia vocé fica se mexendo na cadeira ou balancando as 0 1 o | 3|24
mMAaos ou 0s pés quando precisa ficar sentado (a) por muito tempo?
2. Com que frequéncia vocé se levanta da cadeira em reunifes ou em outras
; ~ - 0| 1|2 | 3|4
situacdes onde deveria ficar sentado (a)?
3. Com que frequéncia vocé se sente inquieto (a) ou agitado (a)? 0 1 2 | 3|4
4. Com gue frequéncia vocé tem dificuldade para sossegar e relaxar quando 0 1121314
tem tempo livre para vocé?
5. Com que frequéncia vocé se sente ativo (a) demais e necessitando fazer 0 1 o | 3|24
coisas, como se estivesse “com um motor ligado™?
6. Com que frequéncia vocé se pega falando demais em situagfes sociais? 0 112 |3 ]| 4
7. Quando vocé esta conversando, com que frequéncia vocé se pega
. O|1|2|3]|4
terminando as frases das pessoas antes delas?
8. Com que frequéncia vocé tem dificuldade para esperar nas situacées onde ol1l213]a4
cada um tem a sua vez?
9. Com que frequéncia vocé interrompe o0s outros quando eles estédo
O|1|2 |3 |4
ocupados?

PARTE B — TOTAL

SOMA TOTAL (PARTE A + PARTE B)




