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RESUMO

Introdugdo: A influéncia das condigdes de vida (socioecondmicas, de saude,
nutricdo e ambiental) as quais as criangas sao expostas podem influenciar sua
capacidade de atingir seu potencial maximo de crescimento. A ingestdo de peixes
durante a gravidez e fase de amamentagao, esta entre os diversos fatores que
podem influenciar o crescimento infantil. Objetivo: Investigar a influéncia da
ingestdo materna de peixe, utilizando o mercurio (Hg) como biomarcador sobre os
indices antropométricos altura-para-idade (A/l), peso-para-idade (P/l) e peso - para -
altura (P/A) de criangas acompanhadas ao longo de cinco anos. Métodos:Um total
de 1433 pares de maes e criangas que residiam na area de abrangéncia dos rios
Jamari, Madeira e Mamoré foram acompanhados ao longo de cinco anos. Foram
realizadas medigbes antropométricas, triagem de criangas anémicas e coleta de
amostras de cabelo da méae e da crianga para determinagéo Hg total no momento do
parto e aos 6,24 e 59 meses. Os dados foram analisados pelo uso do modelo linear
de efeito misto com auxilio do software estatistico R®. Resultados: As maes eram
predominantemente jovens, de baixa renda, com pouca escolaridade e que
amamentaram por mais de 6 meses. Os indices antropomeétricos em quase 80% da
amostra, apresentaram valores de escore z entre = -2 e < 1. Em filhos de méaes que
consumiam peixe acima de 3 vezes por semana, o indice de sobrepeso e obesidade
foi de 3,4%, enquanto que déficit de estatura foi de 2,7%. A influéncia da ingestao
materna de peixe nos indices antropométricos A/l, P/l e P/A nao foram significantes
apo6s ajustes nos modelos. A maior renda familiar e peso ao nascer indicaram uma
influéncia positiva nos indices A/l e P/l, enquanto o ganho P/A foi favorecido pelo
ensino superior da mae e pelo tempo de amamentagdo. A hemoglobina e a idade
materna, influenciaram positivamente e significativamente o aumento dos trés
indices antropométricos. Criangas do sexo masculino apresentaram menor altura e
ganho de peso. Conclusao: A alta ingestdao materna de peixes de agua doce (ou a
sua exposi¢ao ao Hg) néo afetou as medidas antropométricas das criangas seguidas
desde o nascimento até os 5 anos de idade. Recomendamos controlar o consumo
de espécies de peixe contaminados com Hg durante a gravidez e na fase inicial do
desenvolvimento infantil.

Palavras-chave: indices antropométricos; peixe; materno; mercurio.



ABSTRACT

Introduction: The living conditions (i.e., socioeconomic, healthcare-related,
nutritional, and environmental) to which children are exposed may influence their
ability to reach their optimal growth potential. Ingestion of fish during pregnancy and
breastfeeding is one of several factors that can influence infant growth. Objective:
To investigate the influence of maternal fish intake, using mercury as a biomarker, on
on the anthropometric indices height-for-age (H/A), weight-for-age (W/A) and weight-
for-height (W/H) of children followed from birth until the age of five. Methods: A total
of 1433 mother-child pairs living in areas of the Jamari, Madeira, and Mamoré rivers
were followed for five years. Trained researchers performed anthropometric
measurements, screened the anemic children, and collected hair samples from the
mother and child to determine total mercury at the time of delivery and after 6, 24 and
60 months. The anthropometric indices W/A, H/A, and W/H were calculated using the
Anthro program. The data were analyzed with the linear mixed-effect model using the
R® statistical program. Results: Mothers were predominantly young, low income,
with limited schooling, and breastfed for more than 6 months. The anthropometric
indexes in almost 80% of the sample showed z-score values ranging from = -2 to < 1.
Children whose mothers consumed fish more than 3 times a week were overweight
and presented an obesity rate of 3.4% and a height deficit rate of 2.7%. The
influence of maternal fish consumption on the anthropometric indices of height-for-
age (H/A), weight-for-age (W/A), and weight-for-height (W/H) was not statistically
significant after model adjustments. However, a higher family income and weight at
birth indicate a positive influence on the H/A and W/A indices whereas the W/H gain
was favored by the mother's increased education level and breastfeeding time.
Others variables such as hemoglobin and maternal age influenced positively and
significantly the increase in the measured anthropometric indices. Boys showed
lower height and weight gain. Conclusion: High consumption of freshwater fish by
mothers (or their exposure to Hg) did not affect the anthropometric measurements of
children followed from birth until 5 years old. We recommend controlling the
consumption of selected species by pregnant women and children in early
development.

Key Words: anthropometry indices; fish; maternal; mercury.
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APRESENTAGCAO

Este estudo de coorte prospectivo integra um conjunto de pesquisas que
foram desenvolvidas no estado de Rondbénia. Para a sua execugdo, foram
estabelecidas parcerias entre a Universidade Federal de Rondbnia, Instituto de
Biofisica da Universidade Federal do Rio de Janeiro e Universidade de Brasilia.
Estas instituigbes — UNIR, UnB e UFRJ — vém, conjuntamente, desenvolvendo
estudos na regido desde 1986 por meio de uma equipe interdisciplinar com énfase
na toxicologia ambiental e humana do mercurio (Hg).

A elevada concentragdo de Hg no ecossistema Amazdnico ocorre de forma
natural, expondo o0 homem ao risco de contaminacédo, principalmente pela de peixe.
Apesar da exposigdo ao Hg nos seres humanos ocorrer por diversas fontes, a biota
aquatica é considerada a principal via de transferéncia. A abundancia e as
variedades de espécies de peixes na Amazobnia contribuem para que este alimento
constitua um importante elemento da dieta das familias na regiéo.

Considerando que a ingestdo de peixe expde grupos vulneraveis, como
mulheres gravidas e criangas, a niveis elevados de Hg em sua forma mais téxica, ou
seja, o metilmercurio (MeHg), e que o risco da exposi¢cdo se inicia na fase
intrauterina, em 2007, uma coorte de mulheres e criancas foi desenhada pelos
pesquisadores Dra. Rejane C Marques e Dr. José G. Ddrea a fim de testar a
hipétese de que os resultados do desenvolvimento pré-natal em criancas expostas a
Hg proveniente de altos niveis de ingestdo materna de peixe poderiam ser afetados
pelo Hg. Para o estudo, foram elegiveis mulheres e seus respectivos filhos que
residissem nas proximidades dos rios Madeira, Mamoré e Jamari.

O Madeira, é considerado o principal rio do Estado de Rondénia, ele é
formado pela unido dos rios Mamoré e Beni na regido oeste, no municipio de Nova
Mamoré e tem como um dos principais afluentes o rio Jamari. A bacia do rio Madeira
dispée de uma grande diversidade de espécies de peixes cujas concentragbes de
Hg podem variar dependendo do tamanho e do seu comportamento alimentar.

O consumo materno de peixe € uma fonte importante de nutrientes e de
exposigcao a poluentes ambientais que podem influenciar o crescimento na primeira
infancia. O crescimento infantil € um processo extremamente complexo, que pode

ser impulsionado por uma série de fatores intrinsecos e extrinsecos que, em face
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das adversidades, podem ter diferentes desfechos. Atualmente, pesquisadores
afirmam que os primeiros anos de vida sdo o periodo de maior vulnerabilidade e
risco de danos a saude em longo prazo. Tendo em vista a variedade de fatores que
podem determinar o crescimento saudavel, é possivel que criangas amazoénicas que
vivem em areas socioeconomicamente desfavorecidas e que sdo expostas
precocemente ao mercurio por meio da ingestdo materna de peixe sejam mais
sensiveis a exposicdo simultdnea de fatores de risco. Essa suposicdo levou a
formulacdo da seguinte hipotese: A ingestdo materna de peixe (verificada pelo
mercurio como biomarcador) exerce influéncia sobre os indices antropométricos -
altura-para-idade, peso-para-idade e peso-para-altura- de criangas ao longo do
tempo?

Em virtude da abrangéncia do tema e para obtengdo de um sequenciamento
l6gico de ideias esta tese foi organizada em 5 capitulos:

- 1° capitulo: apresenta a importadncia do acompanhamento do crescimento
infantil e a influéncia de fatores ambientais, retrata resumidamente o estilo de vida
da populagdo estudada, caracterizado pela alta ingestdo de peixe e a sua relagéo
com o desenvolvimento neurolégico infantil (estas informacdes foram alusivas a
publicagdo no ano de 2016, oriunda desta coorte), bem como delimita a hipotese do
estudo;

- 2° capitulo: apresenta uma revisdo sobre a situagdo do estado nutricional
das criangas que vivem na regido Norte do Brasil;

- 3° capitulo: descreve as etapas do percurso metodoldgico utilizado na
coorte;

- 4° capitulo: apresenta os resultados e a discussao acerca da influéncia da
ingestdo materna de peixe sobre os indices antropométricos de criangas ao longo de
cinco anos.

- 5° capitulo: Ao final, as conclusbes e/ou recomendacbes foram
apresentadas com base nos achados deste estudo.

Considerando as caracteristicas diferenciadas da regido Amazbnica em
relacdo ao restante do pais, espera-se que essas informacdes possam contribuir
com novas estratégias em saude para areas geograficas que exigem atencao

prioritaria.
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CAPITULO 1

1.1 INTRODUGCAO

A promogdo do crescimento e desenvolvimento saudavel na infancia é
considerado uma das maiores prioridades do atual modelo de saude, em especial
nos paises em desenvolvimento, onde o acesso universal aos cuidados de saude ao
qual as criancgas tém direito ainda esta longe de ser alcangado (1).

Com vistas a garantir a assisténcia integral a crianga, em 20 de novembro de
1989, a Assembleia Geral das Nacdes Unidas estabeleceu a Convencao sobre os
Direitos da Criancga (2) que apesar de ser o documento de direitos humanos mais
aceito na historia universal e ter sido ratificada por 192 nagdes, seu cumprimento
integral estaria atrelado ao alcance dos Objetivos de Desenvolvimento do Milénio
(ODM) (3).

Estabelecido pela Assembleia Geral da Organizagdo das Nagdes Unidas
(ONU), os ODM definiram oito objetivos de desenvolvimento, pautados em fatores
sociais, de desenvolvimento, saude, nutricdo, agua e determinantes de saneamento
a serem alcangados até 2015 (3). Embora os ODM tenham sido desenvolvidos para
toda a humanidade, a maioria deles foi direcionada, prioritariamente, para a
populagao infantil.

Conhecidas por sua vulnerabilidade, as criangas sdo o grupo que apresenta
um maior risco de morte quando suas necessidades basicas nao sao supridas. Por
esta razdo, as ag¢des desenvolvidas através do quarto ODM para o progresso da
sobrevivéncia infantil tinham como objetivo a reducado da taxa de mortalidade infantil
(TMI) em dois tercos entre 1990 e 2015 (4), entretanto o alcance desse objetivo nao
foi obtido por todos os paises. Projegdes posteriores relativas a TMI, em especial no
periodo neonatal, apontaram que estas taxas permaneceriam elevadas apos 2015,
variando o seu nivel de crescimento de acordo com as causas de mortalidade (5).

As principais causas de mortalidade em criangas menores de cinco anos
incluem complicagcbes decorrentes do parto, prematuridade, pneumonia, diarreia,
malaria e desnutricdo (5). As mortes infantis relacionadas a desnutricdo sao

consideradas responsaveis por aproximadamente 3,1 milhdes de mortes por ano e
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englobam diversas causas, dentre elas o deficit no crescimento linear e ganho de
peso (6).

Por esta razdo, apos 2015, a sobrevivéncia infantil continuou a ser objeto de
atencao global, levando os Estados membros da ONU a comprometerem-se em um
novo plano, contendo 17 Objetivos de Desenvolvimento Sustentavel e 169 metas
que deverao ser alcangados até 2030 (1). Apesar de nem todos os objetivos se
referirem explicitamente as criangas, considera-se que juntos todos s&o relevantes
por influenciarem o crescimento e desenvolvimento infantil saudavel.

O monitoramento do crescimento e desenvolvimento € um componente
fundamental para a avaliagao integral da crianga e considerado um dos principais
indicadores de saude infantil (7-9). A avaliagdo do crescimento nos primeiros anos
de vida necessita de especial atencgao, visto que representa uma fase em que as
criangas apresentam uma maior vulnerabilidade devido a imaturidade fisiolégica e
imunoldgica. Assim, agravos a saude ocorridos nesta fase inicial poderiam
determinar efeitos negativos na saude em curto e em longo prazo (6,10).

Compreendendo que a atencdo ao crescimento ndo deve cessar ao
nascimento, em 1994, especialistas da Organizacdo Mundial de saude (OMS)
recomendaram o0 uso de padrées internacionais para avaliar as medidas
antropomeétricas de lactentes e criangas. Posteriormente, entre os anos de 1997 e
2003, foi realizado o estudo Multicentre Growth Reference Study (MGRS), no qual
foram incluidas aproximadamente 8.500 criangas saudaveis e alimentadas com leite
materno, de etnias e culturas variadas, com auséncia de restrigdes ambientais,
socioecondmicas e de saude (11,12). Por meio do MGRS, em 2006, foram geradas
curvas de crescimento que vao desde o nascimento até os cinco anos de idade e
que sé&o largamente utilizadas em todo o mundo (13).

A fim de complementar as normas propostas pelo MGRS, pesquisadores do
Consoércio Internacional de Crescimento Fetal e Neonatal para o século XXI, ou
INTERGROWTH-215t, iniciaram um estudo populacional e multicéntrico em oito
localidades geograficas distintas (Brasil, China, Italia, india, Quénia, Oman, Reino
Unido e Estados Unidos) que incluiu gestantes saudaveis, bem nutridas e de baixo
risco para eventos adversos maternos e perinatais. O estudo teve como finalidade

gerar curvas de crescimento de uso universal através de uma extensa investigagéao
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sobre o monitoramento de crescimento e desenvolvimento de criangas, tendo inicio
no periodo fetal (14-17).

Visando garantir que essas curvas pudessem ser utilizadas em diferentes
populagdes no mundo, 0os pesquisadores compararam as variagdées no comprimento
apresentado pelos bebés acompanhados e inferiram, através das novas curvas de
crescimento, que, independentemente da localidade, a disponibilidade de um
ambiente satisfatério € o que proporciona o alcance maximo de seu potencial
genético (14-17).

O crescimento infantil pode ser influenciado, portanto, por fatores intrinsecos
a propria crianga e pelas condi¢gdes de vida aos quais se € exposto desde o periodo
intrauterino até a primeira infancia, determinando a sua possibilidade de atingir ou
ndo seu potencial maximo de crescimento (6,9,14-17).

Ao considerar as condigcdes de vida do individuo, observa-se que as
desigualdades regionais no crescimento das criangas brasileiras tém sido explicadas
pela diversidade do desenvolvimento socioeconbémico da regido, além de
investimentos em saneamento, assisténcia a saude e educagédo (18,19). Deste
modo, um crescimento infantil adequado estaria vinculado as condi¢cbes favoraveis
de vida, o que inclui a adogao de habitos alimentares saudaveis.

Por ser um alimento que da continuidade a nutrigdo iniciada ainda no utero e
por suprir integralmente apds o nascimento as necessidades nutricionais até o sexto
més de vida, o aleitamento materno (AM) integra umas das experiéncias alimentares
mais precoces do ser humano, fornecendo de forma natural aos lactentes os
nutrientes necessarios a obteng¢ao de boa saude em curto e em longo prazo. (20).

Desde o ano de 2003, a OMS preconiza o aleitamento materno exclusivo
durante os seis primeiros meses de vida e de forma complementar junto a
alimentagao sdlida até dois anos de idade (21). Embora o AM seja recomendado
apods o sexto més de vida, a partir desta idade outros alimentos devem ser inseridos
gradualmente de modo a suprir o lactente com nutrientes que garantam o seu
desenvolvimento (22).

As influéncias das praticas alimentares sobre o crescimento, desde o AM até
alimentacgao cotidiana da familia, sdo determinadas a partir das condi¢des de vida e

cultura em que vivem (23). Logo, devido aos diferentes padrdes alimentares e ao
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ambiente ao qual o individuo é exposto, o crescimento infantil ndo se da de forma
semelhante entre os paises.

Considerando que nos paises em desenvolvimento como o Brasil existem
diferengas no padréo de vida entre as regides e até mesmo dentro de uma mesma
regido (24), as politicas publicas relacionadas ao crescimento e desenvolvimento
infantil tém investido em acgbdes que visam ao enfrentamento das iniquidades nas
condigbes de saude em algumas localidades do pais consideradas de maior
vulnerabilidade (25).

Para o alcance dessas metas, em 11 de dezembro de 2014, foi aprovada a
primeira redacao a respeito da portaria que institui a Politica Nacional de Atencao
Integral a Saude da Crianga (PNAISC) a qual estabelecia o desenvolvimento de
acdes para promogao do crescimento e desenvolvimento da crianga, considerando,
especialmente, as diferentes culturas e realidades (25). Contudo, mesmo com a
instituicao de politicas publicas para o enfrentamento das iniquidades nas condigcbes
de saude em algumas regides do Brasil, o combate a essas desigualdades tem
progredido de forma lenta e irregularmente distribuida.

A regiao Norte, por exemplo, e mais especificamente o estado de Rondbnia
(RO), em virtude de uma politica nacional de desenvolvimento, vem sofrendo
sucessivas transformagdes econdmicas, estruturais e sociais, resultando em
consequéncias negativas para a saude da populagéo (24).

A repercussao nas condi¢cdes de vida e consequentemente na saude da
populacdo que reside em RO teve inicio na década de 70 com a corrida do ouro,
seguida da construgao de estradas e do desenvolvimento de projetos agricolas que
atrairam pessoas de diferentes regides do pais. Com o passar dos anos, foi possivel
observar que a politica nacional de desenvolvimento movido por ocupacéao de terras,
extracdo de madeira, atividades de mineragdo, desmatamento e, mais
recentemente, da inundagdo de extensas areas florestais devido a construcao de
usinas hidrelétricas foram alguns fatores que contribuiram para precariedade das
condi¢des de vida e mudangas ambientais bruscas na regiao (26-29).

O atual projeto do complexo hidrelétrico do rio Madeira, que comegou a ser
construido em setembro de 2008, contribuiu para a ocorréncia de significativos
impactos socioambientais, como explosdo demografica, reassentamento de

moradores de areas alagadas, perda do meio de subsisténcia, proliferacédo de
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insetos, piora nas condicbes de vida (saude, educagao, transporte, saneamento
basico), emissdes de gases de efeito estufa, desmatamento, redugao da quantidade
de espécies de peixe e também para metilagdo do mercurio (30).

Devido ao solo da regido Amazbdnica conter naturalmente uma alta
concentracdo de mercurio (Hg), a intensa exploragdo de recursos naturais contribui
para a remobilizagdo de grandes quantidades desse metal e a disponibilizagado deste
para seres aquaticos, contaminando os organismos por meio de cadeia biolégica em
sua forma mais toxica: o metilmercurio (MeHg) (31). O MeHg encontrado nos tecidos
dos peixes representa cerca de 90% da concentragéo total de Hg (32). Apesar dos
seres humanos serem expostos ao Hg por varias fontes, a biota aquatica é
considerada a principal via de transferéncia (33).

Através do processo de biomagnificagdo na cadeia alimentar, o Hg apresenta
elevada concentragdo nos organismos de nivel trofico superior, por exemplo, os
peixes predadores (29,33,34) (Quadro 1). A abundéancia natural de rios na regido
Amazdnica torna os peixes uma das principais fontes de proteina animal consumida
por populagdes ribeirinhas e, consequentemente, uma importante via de exposi¢ao

ao Hg sob a forma organica, ou seja, o MeHg (35,36)

Quadro 1 - Lista de algumas espécies de peixe da bacia do Rio Madeira e suas

respectivas concentracdes de mercurio.

Nome cientifico Nome comum | Habito Min Meédia | Max
alimentar

Araipa gigas Piracucu Piscivoro 0.23 0.34* 0.73

Acestrorhynchus falcirostris Peixe Piscivoro 0.90 1.29* 1.68
Cachorro

Rhaphiodon vulpinus Peixe- Piscivoro 0.40 0.93* | 250
cachorro

Plagioscion squamosissimus Pescada Piscivoro 0.002 | 044~ 1.10

continua
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continuagao

Nome cientifico Nome comum | Habito Min Média | Max
alimentar
Acestrorhynchus sp. - Piscivoro 0.09 | 041 ™™ | 1.27
Rhaphiodon sp - Piscivoro 0.21 1.19* | 6.06
Hydrolycus sp. Peixe Piscivoro 0.70 1.02* 1.33
Cachorro 0.38 1.29* | 2.90
Ageneiosus brevifilis Mandubé Carnivoro 0.25 0.85* 1.39
Brachyplatystoma filamentosum | Filhote Carnivoro 0.49 1.85* 4.75
Brachyplatystoma flavicans Dourada Carnivoro 0.14 0.90* 3.1
Cichla monoculus Tucunaré Carnivoro 0.33 052~ 1.09
Hemisorubim Liro/Brago de | Carnivoro 0.08 0.57~* 1.55
mocga 0.60 0.71** | 0.81
Hoplias malabaricus Traira Carnivoro 0.03 0.43* 1.18
Paulicea Lukteni Jau Carnivoro 0.31 0.57* 0.72
Pseudoplatystoma fasciatum Surubim Carnivoro 0.08 0.66* 1.56
Pseudoplatystoma sp. Pintado Carnivoro 0.04 0.96* 2.89
0.25 0.63** | 1.74
Brachyplatystoma sp. - Carnivoro 0.12 1.58** | 4.89
Cichla sp. Tugunaré - Carnivoro | 0.17 0.50* | 1.14
acu
Hoplias sp. - Carnivoro 0.15 0.30* | 0.54
Serrasalmus sp. - Carnivoro 0.02 0.41** 1.70
Hypophthalmus sp. - Detritivoro | 0.19 | 0.69* | 1.11
Potamorhina latior Branquinha Detritivoro | 0.04 0.11* 0.28
Prochilodus theraponura Curimata Detritivoro | 0.006 0.02* 0.04
Anodus sp. - Detritivoro | 0.17 0.43** | 0.75
Potamorhina sp. - Detritivoro | 0.01 0.12** | 0.41
Prochilodus sp. - Detritivoro | 0.02 0.09** | 0.41
Psectrogaster sp. - Detritivoro | 0.03 0.15* | 0.89
Brycon sp. Matrincha Onivoro 0.05 0.09* 0.25
0.05 0.08** | 0.11
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Fonte: Elaborado pela autora adaptado de Bastos et al e Hacon et al

Legenda: *Bastos et al., 2008 (34)
** Hacon et al., 2014 (29)

Nome cientifico Nome comum | Habito Min Média | Max
alimentar

Geophagus sp. Acara Onivoro 0.02 0.17* 0.64
0.09 0.18** | 0.23
Calophysus macropterus Pintadinho Onivoro 0.71 1.38* 2.24
Leporinus sp Aracu Onivoro 0.03 0.09** 0.27
Pimelodus sp. Mandi Onivoro 0.08 0.26* 0.56
0.05 0.21** | 0.53
Triportheus sp. - Onivoro 0.04 0.28** 1.04
Triportheus elongatus Sardinha Onivoro 0.01 0.18* 0.58
Pterygoplichthys gibbiceps Acari-bodo Herbivoro 0.1 0.46* 0.64
Laemolyta varia Piau Herbivoro 0.03 0.15* | 0.41
Mylossoma sp. Pacu Herbivoro | 0.001 0.05* 0.44
0.02 0.07** | 0.19

Schizodon sp. Piau-cabecga- | Herbivoro | 0.02 0.11* 0.40

gorda 0.01 0.27** | 0.76

conclusao

Dentre as formas do Hg, o MeHg é a mais preocupante, pois possui

capacidade de bioacumulagao, podendo permanecer longos periodos no organismo

humano (37,38). Além disso, apresenta propriedade lipofilica, o que permite que

atravesse as barreiras biolégicas com facilidade. Ao atravessar a barreira placentaria

e hematoencefalica, o MeHg pode comprometer negativamente o desenvolvimento

das criangas, principalmente na fase intrauterina e na primeira infancia (38).

Considerando que o processo de metabolizacdo e excrecdo ocorrem de

forma diferente de individuos adultos, as criangas s&o consideradas um grupo

particularmente mais sensivel aos efeitos indesejaveis da exposi¢do a substancias

toxicas, requerendo, portanto, uma abordagem distinta que considere as suas

caracteristicas bioldgicas, psicologicas, comportamentais e sociais (39).
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Apds o nascimento, o Hg pode ser transferido ao recém-nascido através do
aleitamento materno, sendo a presenca desse metal no leite humano condicionada a
varios fatores, incluindo caracteristicas sociodemograficas, estilo de vida e dieta da
mae (40). Considerando que as escolhas alimentares s&o fortemente influenciadas
pelas tradicbes na regiao Amazonica, tanto o leite materno como a alimentagao
complementar em populagdes com alto consumo de peixe podem ser importantes
fontes de exposi¢do ao Hg durante a infancia (41,42).

Visando restringir a exposicdo do Hg em criangas com idade muito precoce,
no ano de 2014, agéncias internacionais como a Food and Drug Administration
(FDA) e a Environmental Protection Agency (EPA) emitiram um alerta aconselhando
que criangas em tenra idade, mulheres em idade fértil, gravidas e lactentes
evitassem o consumo de alguns tipos de peixe visando prevenir a exposi¢gao ao
MeHg e seus efeitos sobre o desenvolvimento neurologico infantil (43) com
consequente diminuicdo do quociente de inteligéncia (Ql) (44) .

Na Amazoénia, a exposi¢do ao MeHg decorrente da ingestdo de peixe € mais
prevalente entre as populagdes tradicionais ribeirinhas, que vivem a base da
atividade de subsisténcia e que sdo menos favorecidas socioeconomicamente (26-
29). Em recente estudo, oriundo da coorte utilizada nesta tese que incluiu uma
subamostra de 365 criangas amazbnicas, demonstrou-se que 0 nascimento
domiciliar foi relacionado a um estilo de vida mais tradicional caracterizado pela alta
ingestao de peixe, sendo este associado a niveis elevados de Hg nas maes e seus
respectivos filhos. Os escores das escalas de Bayley de desenvolvimento infantil de
criangas nascidas no hospital ndo foi significativamente diferente daquelas nascidas
em casa. Os resultados desse estudo apontaram ainda que a exposicao perinatal ao
Hg ndo teve efeito sobre o desenvolvimento neuroldgico e QI das criangas aos 5
anos de idade (45).

Apesar do peixe ser a principal fonte de exposi¢cao ao MeHg, ele constitui uma
fonte de nutrientes, como o selénio, que pode neutralizar os efeitos toxicos do Hg,
além de outros, como édmega-3, que contribui com o desenvolvimento do cérebro e
evidenciam também um efeito positivo sobre os depdsitos de ferritina nas criancas
(46). Durante o periodo de desmame, as criangas sao mais propensas a deficiéncia
de ferro, o qual é considerado uma importante causa de anemia e de retardo no

crescimento infantil (47).
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Em alguns paises de baixa renda, o acesso a alimentos de alto teor
nutricional, como os acidos graxos poliinsaturados de cadeia longa (AGPCL) pode
ser escasso (48). Considerando que o crescimento intrauterino e durante a primeira
infancia depende da qualidade do ambiente em que se esta inserido e também da
nutricdo materna (49), o periodo compreendido desde a concepgéao até o parto pode
ser determinante para o crescimento infantil e um preditor da saude em longo prazo
ja que a “programacéo” para o desenvolvimento de doengas pode ocorrer ainda na
fase intrauterina (50).

O estresse ambiental, bem como estimulos nutricionais durante a gestacao,
pode ocasionar um desequilibrio fisiolégico e metabdlico em organismos em
desenvolvimento, no qual, muitas vezes as consequéncias soO repercutirdo na fase
adulta (49,50). Atualmente, pesquisadores tém chamado a aten¢do para o consumo
materno de peixe e seus riscos versus beneficios sobre a saude da crianga
(43,51,52). As diretrizes em torno do consumo de peixe, no entanto, ndo distiguem
claramente sobre a quantidade de nutrientes e até mesmo de outros contaminantes
entre as variedades de espécieis, o que nao favorece a escolha de quais espécies
podem ser consumidas com frequéncia ou que deveriam ser evitadas,
especialmente, por mulheres gravidas (52,53).

De tal modo, os alertas emitidos sobre o consumo de peixe por se
concentrarem apenas nas espécieis com alta concentragdo de Hg e n&o incluirem
informagdes mais detalhadas como espécieis ricas em acidos graxos e baixo teor de
Hg, de certa forma, nao estariam fornecendo informacbes efetivas sobre os
beneficios nutricionais do consumo de peixe (52), sobretudo por mulheres durante a
gravidez em que resultados positivos como maior tempo de gestagdo, aumento do
peso ao nascer (54,55) e beneficios no neurodesenvimento tém sido evidenciados
(56).

Embora a relagao entre a ingestdo de peixe e a contaminagao por Hg esteja
bem fundamentada, ndo se tem conhecimento do impacto em longo prazo da
ingestdo de pescado sobre o crescimento pds-natal em criangas amazénicas que
vivem em meio a uma combinagcdo entre a exposicdo a componentes toxicos
resultantes da degradagao ambiental e a precariedade das condi¢des de vida.

Estudos que abordam o estado nutricional infantil em Rondbdnia sdo escassos

e a grande maioria emprega delineamento do tipo transversal, o que para uma
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regiao com grandes variagdes socioambientais pode ndo ser o mais adequado por
retratar um cenario pontual.Assim sendo, compreendendo que a dieta materna e os
fatores ambientais podem exercer influéncia durante o crescimento infantil e que a
exposi¢cao a componentes tdéxicos nesse periodo pode ocasionar repercussées no
organismo, este estudo teve como objetivo investigar a influéncia da ingestédo
materna de peixe e de outros fatores pré e pds-natais sobre os indices
antropomeétricos de criangas do estado Rondodnia (Amazénia Ocidental), ao longo de

cinco anos.
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1.2 HIPOTESE CENTRAL DE INVESTIGACAO

A ingestdo materna de peixe (utilizando o Hg como biomarcador) exerce influéncia
sobre os indices altura-para-idade, peso-para-idade e peso-para-altura de criangas

ao longo do tempo?

Figura 1 — llustragédo da hipdtese
Adaptado de Ou L et al (57).
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1.3 OBJETIVOS

1.3.1 Geral

- Investigar a influéncia da ingestdo materna de peixe (utilizando o Hg como
biomarcador) e de fatores pré e pds-natais sobre os indices antropométricos altura-
para-idade, peso-para-idade e peso - para -altura de criangas acompanhadas ao

longo de cinco anos.

1.3.2 Especificos

- Investigar a influéncia de fatores pré-natais (renda, escolaridade materna, local de

residéncia, paridade, idade, ingestao de peixe)

- Investigar a influéncia de fatores pds-natais (peso e altura da crianga ao nascer,
aleitamento materno, ingestdo de peixe/exposi¢do ao Hg aos 0,6,24 e 59 meses e
anemia) sobre a altura e peso de criangas desde o nascimento, até os cinco anos de
idade.

- Construir curvas de altura e peso por sexo



30

1.4 REFERENCIAS

1. Programa das Nagdes Unidas para o Desenvolvimento (PNUD).
Acompanhando a agenda 2030 para o desenvolvimento sustentavel: subsidios
iniciais do Sistema das Nag¢des Unidas no Brasil sobre a identificacdo de
indicadores nacionais referentes aos objetivos de desenvolvimento
sustentavel/Programa das Nagdes Unidas para o Desenvolvimento.
Brasilia;2015 [acesso em 2015 dez 9]. Disponivel em:
http://www.pnud.org.br/Docs/Acompanhando_Agenda2030Subsidios_iniciais-
Brasil.pdf

2. Ministério da Saude. Politicas intersetoriais em favor da infancia: guia
referencial para gestores municipais. Brasilia; 2002.

3. Brown NJ, Beattie RM. The Millennium Development Goals: taking stock as the
first phase ends. Arch Dis Child. 2015;100(2):117-8.

4. United Nations Children's Fund. Levels & trends in child mortality: report 2011.
Estimates developed by the UN Inter- Agency Group for Child Morality
Estimation. New York; 2012.

5. Liu L, Oza S, Hogan D, Perin J, Rudan |, Lawn JE, et al. Global, regional, and
national causes of child mortality in 2000-13, with projections to inform post-
2015 priorities: an updated systematic analysis. Lancet.2015; 385:430-40.

6. Black RE, Victora CG, Bhutta ZA, Christian P, de Onis M, Ezzati M, et al.
Maternal and child undernutrition and overweight in low-income and middle-
income countries. Lancet. 2013; 382:427-451.

7. Victora CG. Causes of child deaths: looking to the future. Lancet. 2015;31;
385:398-9.

8. Ministério da Saude. Acompanhamento do Crescimento e Desenvolvimento
Infantil. Série caderno de Atencado Basica n°11. Série A. Normas e Manuais
Técnicos. Brasilia; 2002.

9. Victora CG, Aquino EM, do Carmo Leal M, Monteiro CA, Barros FC, Szwarcwald
CL. Maternal and child health in Brazil: progress and challenges. Lancet. 2011;
377:1863-76.

10.Leroy JL, Ruel M, Habicht JP, Frongillo EA. Using height-for-age differences

(HAD) instead of height-for-age z-scores (HAZ) for the meaningful measurement


http://www.pnud.org.br/Docs/Acompanhando_Agenda2030Subsidios_iniciais-Brasil.pdf
http://www.pnud.org.br/Docs/Acompanhando_Agenda2030Subsidios_iniciais-Brasil.pdf
http://www.ncbi.nlm.nih.gov/pubmed/25280870
http://www.ncbi.nlm.nih.gov/pubmed/25280870
http://www.ncbi.nlm.nih.gov/pubmed/25280870
http://www.ncbi.nlm.nih.gov/pubmed/25282518
https://www.ncbi.nlm.nih.gov/pubmed/21561656
https://www.ncbi.nlm.nih.gov/pubmed/26444012
https://www.ncbi.nlm.nih.gov/pubmed/26444012

31

of population-level catch-up in linear growth in children less than 5 years of
age. BMC Pediatr. 2015; 15:145.

11.World Health Organization: WHO child growth standards based on length/height,
weight and age. Acta Paediatr 2006;450: S76—-S85.

12.0nis M, Garza C, Victora CG, Bhan MK, Norum KR. The WHO Multicentre
Growth Reference Study (MGRS): racionale, planning, and implementation.
Food Nutr Bull. 2004;25(1 Suppl):1-89

13.World Health Organization: WHO child growth standards based on length/height,
weight and age. Acta Paediatr 2006; 450: S76—-S85.

14.Villar J, Cheikh IL, Victora CG, Ohuma EO, Bertino E, Altman DG, et al.
International Fetal and Newborn Growth Consortium for the 21st Century
(INTERGROWTH 21st). International standards for newborn weight, length, and
head circumference by gestational age and sex: the Newborn Cross-Sectional
Study of the INTERGROWTH-21st Project.Lancet. 2014; 384:857-68.

15.Villar J, Papageorghiou AT, Pang R, Ohuma EO, Cheikh IL, Barros FC, et al.
International Fetal and Newborn Growth Consortium for the 21st Century
(INTERGROWTH-21st). The likeness of fetal growth and newborn size across
non-isolated populations in the INTERGROWTH-21st Project: The Fetal Growth
Longitudinal Study and Newborn Cross-Sectional Study.Lancet Diabetes
Endocrinol. 2014;2(10):781-92.

16.Papageorghiou AT, Ohuma EO, Altman DG, Todros T, Ismail LC, Lambert A, et
al. International standards for fetal growth based on serial ultrasound
measurements: the Fetal Growth Longitudinal Study of the INTERGROWTH-
21st Project. Lancet. 2014; 384:869-79.

17.Silveira M, Barros F, Sclowitz I, Domingues M, Mota D, Fonseca S, Mitidieri A,
Leston A, Knight H, Cheikh Ismail L, for the International Fetal and Newborn
Growth  Consortium for the 21st Century (INTERGROWTH-21st).
Implementation of the INTERGROWTH-21st Project in Brazil. BJOG 2013;120
(Suppl. 2): 81-86.

18.0liveira VA de, Assis AMO, Pinheiro SMC, Barreto M L. Determinantes dos
déficits ponderal e de crescimento linear de criancas menores de dois anos.
Rev. Saude Publica .2006; 40(5): 874-882.


https://www.ncbi.nlm.nih.gov/pubmed/26444012
https://www.ncbi.nlm.nih.gov/pubmed/26444012
http://www.ncbi.nlm.nih.gov/pubmed/25209487
http://www.ncbi.nlm.nih.gov/pubmed/25209487
http://www.ncbi.nlm.nih.gov/pubmed/25209487
http://www.ncbi.nlm.nih.gov/pubmed/25009082
http://www.ncbi.nlm.nih.gov/pubmed/25009082
http://www.ncbi.nlm.nih.gov/pubmed/25009082

32

19.Monteiro CA, Benicio MH, Conde WL, Konno, SC, Lima, ALL de, Barros, AJD
de, Victora, C G. Desigualdades socioecondmicas na baixa estatura infantil: a
experiéncia brasileira, 1974-2007. Estudos Avangados 2013; 27(78): 38-49.

20.Victora CG, Bahl R, Barros AJ, Franca GV, Horton S, Krasevec J, et al. Lancet
Breastfeeding Series Group. Breastfeeding in the 21st century: epidemiology,
mechanisms, and lifelong effect. Lancet. 2016; 387:475-90.

21.ESPGHAN Committee on Nutrition, Agostini C, Braegger C, Decsi T, Kolacek S,
Koletzko B, Michaelsen KF, et al. Breastfeeding: A commentary by the
ESPGHAN Committee on Nutrition. J Pediatr Gastroenterol Nutr. 2009; 49:112-
25.

22.Brown KW. WHO/UNICEF. Review on Complementary Feeding and
suggestions for future research: WHO/UNICEF Guidelines on complementary
feeding. Pediatrics. 2000;106 (Supl. 5):1290-1.

23.Smithers LG, Brazionis L, Golley RK, Mittinty MN, Northstone K, Emmett P, et
al. Associations between dietary patterns at 6 and 15 months of age and
sociodemographic factors. Eur J Clin Nutr. 2012;66(6):658-66.

24.Goncgalves K dos S, Siqueira ASP, Castro HA de Hacon S de S. Indicador de
vulnerabilidade socioambiental na Amazénia Ocidental. O caso do municipio de
Porto Velho, Rondénia, Brasil. Ciénc. Saude coletiva .2014; 19 (9): 3809-3818.

25.Ministério da Saude. Secretaria de Atencdo a Saude. Departamento de Acdes
Programaticas Estratégicas. Area Técnica de Saude da Crianca e Aleitamento
Materno. Politica Nacional de Atencao Integral a Saude da Crianga (proposta
preliminar). Brasilia, 2014.

26.Do6rea, JG. Research into Mercury Exposure and Health Education in
Subsistence Fish-Eating Communities of the Amazon Basin: Potential Effects on
Public Health Policy. International Journal of Environmental Research and
Public Health. 2010; 3467-3477.

27.Bastos WR, Almeida R de , Dorea JG, Barbosa AC . Annual flooding and fish-
mercury bioaccumulation in the environmentally impacted Rio Madeira
(Amazon). Ecotoxicology (London).2007; 16: 341-346.

28.Marques RC, Dérea JG, McManus C, Ledo RS, Branddao KG, Marques RC, et

al. Hydroelectric reservoir inundation (Rio Madeira Basin, Amazon) and changes


https://www.ncbi.nlm.nih.gov/pubmed/26869575
https://www.ncbi.nlm.nih.gov/pubmed/26869575
https://www.ncbi.nlm.nih.gov/pubmed/22234044
https://www.ncbi.nlm.nih.gov/pubmed/22234044
http://lattes.cnpq.br/4028993334703256
http://lattes.cnpq.br/9982051066384373
http://lattes.cnpq.br/8972789547941543
http://lattes.cnpq.br/3781800363861947

33

in traditional lifestyle: impact on growth and neurodevelopment of pre-school
children. Public Health Nutr. 2011 ;14(4):661-9.

29.Hacon SS, Dérea JG, Fonseca Mde F, Oliveira BA, Mourdo DS, Ruiz CM, et
al. The influence of changes in lifestyle and mercury exposure in riverine
populations of the Madeira River (Amazon Basin) near a hydroelectric
project. Int J Environ Res Public Health. 2014; 11(3):2437-55.

30.Fearnside, PM. Hidrelétricas na Amazbnia: impactos ambientais e sociais na
tomada de decisdes sobre grandes obras. Manaus: INPA;2015.

31.Lacerda LD de Malm O. Contaminagdo por mercurio em ecossistemas
aquaticos: uma analise das areas criticas. Estudos Avangados. 2008; 22(63),
173-190.

32.Malm O, Branches FJ, Akagi H, Castro MB, Pfeiffer WC, Harada M, Bastos WR,
Kato H. Mercury and methylmercury in fish and human hair from the Tapajos
river basin, Brazil. Sci Total Environ. 1995;175(2):141-50.

33.Bastos WR, Lacerda LD. A contaminagdo por mercurio na Bacia do Rio
Madeira: uma breve revisdo. Geochim Brasil. 2004;18(2):99-114.

34.Bastos W R, Rebelo M de F, Fonseca M de F, Almeida R de, Malm O. A
description of mercury in fishes from the Madeira River Basin, Amazon, Brazil.
Acta Amaz. 2008; 38(3): 431-438.

35.D6rea JG, Marques RC, Abreu L. Milestone Achievement and
Neurodevelopment of Rural Amazonian Toddlers (12 to 24 Months) with
Different Methylmercury and Ethylmercury Exposure. Journal of Toxicology and
Environmental Health A. 2014;77(1-3):1-13.

36.Marques RC, Bernardi JVE, Abreu L, Dérea JG. Neurodevelopment Outcomes
in Children Exposed to Organic Mercury from Multiple Sources in a Tin-Ore Mine
Environment in Brazil. Archives of Environmental Contamination and Toxicology
2015 ;68(3):432-41.

37.Dérea JG, Farina M, Rocha JBT.Toxicity of ethylmercury (and Thimerosal): a
comparison with methylmercury. Journal Applied Toxicology.2013; 33 (8): 700—
711.

38.Clarkson TW, Magos L. The toxicology of mercury and its chemical
compounds. Crit Rev Toxicol. 2006;36(8):609-662.


http://www.ncbi.nlm.nih.gov/pubmed/24577285
http://www.ncbi.nlm.nih.gov/pubmed/24577285
http://www.ncbi.nlm.nih.gov/pubmed/24577285
https://www.ncbi.nlm.nih.gov/pubmed/8560242
https://www.ncbi.nlm.nih.gov/pubmed/8560242
http://lattes.cnpq.br/8972789547941543
http://lattes.cnpq.br/9981984419027348
http://lattes.cnpq.br/9981984419027348
http://lattes.cnpq.br/7324869293866597

34

39.Mello-da-Sila, CA.; Fruchtengarten, L. Riscos quimicos ambientais a saude da
crianca. Jornal de Pediatria.2005; 81 (5): S205-S211.

40.Garcia-Esquinas E, Pérez-Gomez B, Fernandez MA, Pérez-Meixeira AM, Gil E,
de Paz C, Iriso A, Sanz JC, Astray J, Cisneros M, de Santos A Asensio A,
Garcia-Sagredo JM, et al. Mercury, lead and cadmium in human milk in relation
to diet, lifestyle habits and sociodemographic variables in Madrid (Spain).
Chemosphere 2011; 85:268-276.

41.Dorea JG. Mercury and lead during breast-feeding. Brit J Nut. 2004; 92: 21-40.

42.Vieira SM, de Almeida R, Holanda IB, Mussy MH, Galvdo RC, Crispim PT,
Dérea JG, Bastos WR. 2013. Total and methyl-mercury in hair and milk of
mothers living in the city of Porto Velho and in villages along the Rio Madeira,
Amazon, Brazil. Int J Hyg Environ Health. 216:682-689.

43.World Health Organization. Fish: what pregnant women and parents should
know: draft updated advice by FDA and EPA. [Acesso 4 de marco de 2016]
http://www.fda.gov/Food/FoodbornelllnessContaminants/Metals/ucm393070.htm

44 Karagas MR, Choi AL, Oken E, et al. Evidence on the human health effects of
low-level methylmercury exposure. Environ Health Perspect 2012; 120:799-806.

45.Marques RC, Bernardi JV, Cunha MP, Dérea JG. Impact of organic mercury
exposure and home delivery on neurodevelopment of Amazonian children. Int J
Hyg Environ Health. 2016 ;219(6):498-502.

46.Dérea JG, Marques RC. Mercury levels and human health in the Amazon
Basin. Ann Hum Biol. 2016 ;43(4):349-59.

47.Borgna-Pignatti C., Marsella M. Iron deficiency in infancy and childhood. Pediatr.
Ann. 2008; 37:329-337.

48.Briend A, Dewey KG & Reinhart GA (2011) Fatty acid status in early life in low-
income countries — overview of the situation, policy and research priorities.
Matern Child Nutr 7, 141-148.

49.Grantham-McGregor S, Cheung YB, Cueto S, Glewwe P, Richter L, Strupp B.
Developmental potential in the first 5 years for children in developing countries.
Lancet 2007;369 (9555):60—70.

50.Lowensohn RI, Stadler DD, Naze C. Current Concepts of Maternal
Nutrition. Obstetrical & Gynecological Survey. 2016;71(7):413-426.


http://www.fda.gov/Food/FoodborneIllnessContaminants/Metals/ucm393070.htm
https://www.ncbi.nlm.nih.gov/pubmed/27265298
https://www.ncbi.nlm.nih.gov/pubmed/27265298
https://www.ncbi.nlm.nih.gov/pubmed/27230737
https://www.ncbi.nlm.nih.gov/pubmed/27230737

35

51.Stratakis N, Roumeliotaki T, Oken E, Barros H, Basterrechea M, Charles MA, et
al. Fish Intake in Pregnancy and Child Growth: A Pooled Analysis of 15
European and US Birth Cohorts. JAMA Pediatr. 2016;170(4):381-90

52.Groth E. Scientific foundations of fish-consumption advice for pregnant women:
Epidemiological evidence, benefit-risk modeling, and an integrated approach.
Environ Res. 2017; 152:386-406.

53.Cusack LK, Smit E, Kile ML, Harding AK. Regional and temporal trends in blood
mercury concentrations and fish consumption in women of child bearing age in
the United States using NHANES data from 1999-2010. Environ Health.
2017;16(1):10.

54 Emmett PM, Jones LR, Golding J. Pregnancy diet and associated outcomes in
the Avon Longitudinal Study of Parents and Children. Nutr Rev. 2015;73 Suppl
3:154-74.

55.Leventakou V, Roumeliotaki T, Martinez D, Barros H, Brantsaeter AL, Casas M,
et al. Fish intake during pregnancy, fetal growth, and gestational length in 19
European birth cohort studies. Am J Clin Nutr. 2014;99(3):506-16

56.Campoy C, Escolano-Margarit MV, Anjos T, Szajewska H, Uauy R. Omega 3
fatty acids on child growth, visual acuity and neurodevelopment. Br J Nutr.
2012;107 Suppl 2: S85-106.

57.0u L, Chen C, Chen L, Wang H, Yang T, Xie H, Tong Y, Hu D, Zhang W, Wang
X. Low-level prenatal mercury exposure in north China: an exploratory study of
anthropometric effects. Environ Sci Technol. 2015 ;49(11):6899-90.


https://www.ncbi.nlm.nih.gov/pubmed/26882542
https://www.ncbi.nlm.nih.gov/pubmed/26882542
https://www.ncbi.nlm.nih.gov/pubmed/28212649
https://www.ncbi.nlm.nih.gov/pubmed/28212649
https://www.ncbi.nlm.nih.gov/pubmed/28212649
https://www.ncbi.nlm.nih.gov/pubmed/25936461
https://www.ncbi.nlm.nih.gov/pubmed/25936461

36

CAPITULO 2

2.1 ARTIGO DE REVISAO

Fd— 1 International Journal of

S
| Environmental Research :
AR/ and Public Health IMDPY)

Review

Child Nutritional Status in the Changing
Socioeconomic Region of the Northern
Amazon, Brazil

Ménica P. L. Cunha 2-*, Rejane C. Marques ® and José G. Dérea 2

' Fundacio Universidade Federal de Rondénia, Porto Velho CEP 76801-059, RO, Brasil

2 Department of Nutrition, Faculty of Health Sciences, Universidade de Brasilia, Brasilia CEP 70919-970,
DF, Brasil; jg dorea@@gmail com

3 Universidade Federal do Rio de Janeiro, Campus Macaé, Rio de Janeiro CEP 27930-560, RJ, Brasil;
rejanecmarques@globo.com

*  Correspondence: monicaplcunha@pgmail.com; Tel.: +55-692-182-2113

Received: 30 September 2017; Accepted: 20 December 2017; Published: 23 December 2017



37

Abstract: The living conditions (i.e., socioeconomic, healthcare-related, nutritional, and
environmental) to which children are exposed may influence their ability to reach their
optimal growth potential. This review focuses on the relationship between the nutritional
status of children under five years of age and social and environmental factors in
Northern Brazil. Children living in this region have limited access to healthcare and face
precarious socioeconomic and environmental conditions. This analysis was based on
data from national health surveys, the consolidated food, nutrition surveillance system
(SISVAN), and indicators of the DPSEEA (driving force, pressure, state, exposures,
health effects, and actions) framework. The northern region has the worst living
conditions in the country, and children under five years of age have significant height-
for-age, weight-for-age, and weight-for-height deficits. Concomitantly, the prevalence of
children who are overweight has increased significantly, although it remains lower than
that in more developed Brazilian regions. Insufficient and/or inadequate dietary
practices and early exposure to unfavorable living conditions are risk factors for
nutritional deviations. Further advances in public health policies that consider regional

characteristics, particularly in the north, where progress has been slower, are needed.

Keywords: nutritional status; child; anthropometry; socio-environmental
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1 Introduction

Growth is an essential component in the evaluation of children’s health.
Children’s physical development is also an important indicator of the general well-
being of a society, because it reflects not only socioeconomic and food safety
conditions but also environmental conditions [1]. The living conditions (i.e.,
socioeconomic, healthcare-related, nutritional, and environmental) to which children
are exposed during the intrauterine period and childhood may influence their ability to
reach their maximum growth potential [2].

According to an analysis of the external influences on the growth process in
Brazilian children, existing regional inequalities are closely linked to differences in the
socioeconomic development among regions and investments in sanitation and health
care. In Brazil, due to differences in the standard of living among regions and even
within the same region, national public policies have focused on inequities in the
health conditions in certain localities and vulnerable groups. However, efforts to
resolve these regional inequalities are slow and irregular [3].

For example, in the northern region, the national development policy for road
construction, colonization projects, and hydroelectric dams has contributed to
economic growth, infrastructure, and socio-demographic changes. This policy has
resulted in a direct impact on the environment [4,5] and, consequently, on human
health by leading to changes in living conditions and the incidence of endemic
infectious and parasitic diseases [4]. The northern region encompasses 45% of the
territory of Brazil. However, this region has the lowest population density due to the
Amazon rainforest, which hinders human habitation. Nevertheless, this region has
the largest proportion of young people (0—19 years of age), who account for 40% of
the total population [6]. The children living in this region have limited access to
healthcare and face precarious socioeconomic and environmental conditions; overall,
adequate housing, a clean water supply and waste disposal are lacking or
insufficient. This narrative review focuses on the relationship between the nutritional
status of children under five years of age and environmental factors in Northern
Brazil, which is an area that contains most of the Amazon rainforest.
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2 Methods

To consolidate information regarding children’s health in this rapidly changing
region in Northern Brazil, we reviewed studies and national surveys investigating the
nutritional status of children under five years of age. This is a narrative review
addressing (1) height and weight deficits, (2) anthropometric indices and
environmental influences, (3) overweight and (4) feeding practices and children’s
growth. Due to the scarcity of published information in scientific journals, available
data were obtained from the National System of Health Information. This analysis
was based on data from the following national health surveys: National Study of
Household Expenditures [Estudo Nacional de Despesas Familiares] (ENDEF)/1974-
75 [7]; National Survey on Health and Nutrition [Pesquisa Nacional de Saude e
Nutricao] (PNS)/1989 [8]; two Demography and Health [Demografia e Saude]
surveys (PNDS)/1996 [9] and 2006 [10]; and the Nutrition Review of the Northern
Region [CNRN-chamada Nutricional da Regido Norte] /2007 [11]. Nutritional
information (including breastfeeding) was available from the Breastfeeding Research
Survey [ll Pesquisa de Prevaléncia do Aleitamento Materno] (2008) [12] and the
Family Budget Surveys [Pesquisa de Orcamentos Familiares] (POF)/2002 [13] and
2009 [14].

The ENDEF [7], PNS [8], PNDS [9], and POF [13,14] surveys followed a
national protocol based on a probabilistic sampling model targeting socioeconomic
strata and clusters; the CNRN [11] and the Breastfeeding Research Survey [12] were
conducted during the one-day countrywide pediatric immunization campaigns. Due to
the challenges of obtaining up-to-date information on height and weight from national
surveys, other resources, such as the consolidated Food and Nutrition Surveillance
System [Sistema de Vigilancia Alimentar e Nutricional] (SISVAN) report in 2015,
were used. The SISVAN data are available on the website of the Department of
Primary Care known as SISVAN/Web. The SISVAN is an ongoing monitoring system
of nutritional status run by the government in the Brazilian Health System (including
the National Family Health Program). Monthly reports capture the nutritional status of
children according to the Ministry of Health protocol [15]. Socio-environmental factors

were selected based on the indicators of the DPSEEA (driving force, pressure, state,
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exposures, health effects, and actions) framework because these factors indicate the

existence of risk conditions or situations that may influence children’s health [16].

3 Results and Discussion

3.1 Height and Weight Deficits

The anthropometric height-for-age (H/A) deficit, which is also known as
stunting, is the most representative child growth impairment measure and is the most
common form of malnutrition in developing countries [17]. In Brazil, using the first
national survey conducted in 1974/75 as a reference, the height deficit decreased
significantly from 32.9% to 6.8% by 2006 [3]. Economic growth in Brazil has reduced
certain socioeconomic inequalities, particularly in terms of improvements in maternal
schooling, family income, maternal and child health care, water supply, and basic
sanitation. The improvements in 2007 and 2008 significantly decreased the likelihood
of malnutrition among children from poorer families [3,18].

Although the growth trajectory showed a marked decline in the prevalence of
height deficits, the socioeconomic benefits were not equally distributed throughout
Brazil [3,18]. In 2007, the prevalence of H/A deficits reported by the Nutrition Review
of the Northern Region was three times higher than the national average reported by
the National Demographic and Health Survey in 2006 [10] (Figure 1). These
prevalence rates were even greater in the Amazonian states of Amapa (31%) and
Amazonas (29.5%) [11].
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Figure 1. Evolution of height-for-age deficits prevalence (%) in children in Northern Brazil
from 1975-2015. Source: National surveys of anthropometry and food consumption [7—11]
and SISVAN/Web [15]

These regional disparities have also been observed in other regions
worldwide. In Ghana, according to a demographic survey, preschool children
exhibited a reduction in H/A deficits (from 28% to 19%) over a six-year period;
however, in certain regions, the prevalence rates remained high (33%) [19].

While the consolidated data from the SISVAN/2015 showed a lower
percentage than that in 2007, the prevalence of H/A deficiency in children remained
high (18.7%) [15] (Figure 1). Data from the national surveys indicate that among the
Brazilian regions, the northern region has the highest prevalence of H/A deficits,
which is greater than the northeastern region, an area known for a high prevalence of
height deficits [3].

The H/A deficits in children in the northern region were more prevalent among
males (25.3%) than among females (21%) [11]. Although these sex differences
remain poorly understood, data from 16 demographic health surveys conducted in 10
sub-Saharan African countries revealed that boys were more prone to impaired
height than girls. Thus, a low socioeconomic status is likely related to the higher
vulnerability of this group to unfavorable environmental conditions and a higher risk
of morbidity and mortality in early childhood [20].
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In general, children in developing countries have a greater tendency to sustain
height deficits during the most vulnerable period, which is up to two years of age
[1,21]. In the northern region, the height deficit during this critical period was
demonstrated by CNRN/2007 among children between 12 and 23 months of age
(28.2%) [11] and, according to SISVAN/2015, between six months and two years of
age (23.3%) [15]. During this stage, the early identification of growth delays is
fundamental to prevent stunting from becoming irreversible and from resulting in
negative long-term consequences [1,21].

Similar to the national H/A deficits, the weight-for-age (W/A) deficits were
higher in 2007 (5.2%) than those reported by PNDS/2006 (3.4%), and the state of
Amazonas had the highest percentage (9.7%). According to the POF/2008-09, the
northern region was also one of the Brazilian regions with the highest rate of W/A
deficits (8.5%) [14].

Globally, the proportion of children with W/A deficits declined from 25% to 14%
between 1990 and 2015; however, in 2015, approximately 95 million underweight
children under five years of age resided in less-developed regions [22]. In Brazil,
according to the consolidated data from SISVAN/2015, the northern region, which is
one of the poorest regions in the country, had the highest percentage of W/A deficits
(6.1%), surpassing the reported national average of 3.9% [15] or, according to
PNDS/2006 [9] and the CNRN/2007 [10], of 3.4% and 5.2%, respectively. In the
same survey period, the W/A deficit in the north region was higher than that of Latin
America and the Caribbean (3%), Central America (3.7%), South America (2.7%),
Western (4.3%) and Central Asia (3.5%), and Northern Africa (5.5%) but less than
that of Oceania (18.4%) Southern Asia (28.8%), Western Africa (19.4%), and Africa
(15.9%) [23].

Although discrepancies in the anthropometric indicators exist between the
national surveys and the SISVAN, a positive trend toward weight deficit reductions in
the north region was observed between 1974 (24.5%) and 2015 (6.1%).

The weight-for-height (W/H) deficit is another indicator of the nutritional status;
acute cases of malnutrition are commonly identified in the second year of life [1,21],
and acute malnutrition is related to infectious diseases, inadequate feeding practices,

and food insecurity. W/H deficits tend to constitute reversible challenges [21].
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However, the increased frequency of W/H deficits in children may indicate a greater
risk of delayed linear growth [21,24,25].

Although W/H and H/A are measurements that provide important information
about the overall health of children and help predict child growth and developmental
disorders, these measures are independent and are presented individually [24,25].

In the northern region, the PNDS/2006 (0.7%) [10] and SISVAN/2015 (5.8%)
results [15] differ using the W/H deficit as an indicator of nutritional status. The W/H
deficits in 2015 are more than five-fold greater than those in 2006, which is certainly
due to the derivation of the SISVAN data from a larger percentage of children who
had greater access to the Basic Health Units of the National Health System and who
may have been more exposed to determinants of poor nutritional status.

Compared to large population surveys, monitoring systems, such as SISVAN,
provide information regarding the nutritional status over time more rapidly and at a
lower cost. However, these data should be analyzed with more attention, particularly
those provided by SISVAN, because those data include children who are a part of
the public health system, which may comprise populations that are more vulnerable

to nutritional disorders.

3.2. Anthropometric Indices and Environmental Influences

The relationship between children’s growth and environmental factors has
been used to explain the different growth patterns among populations. According to a
multicenter study conducted in eight different locations, the genetic characteristics of
each population had only a slight influence on the height variation in the children;
notably, in 80% of the cases, the differences in height were related to environmental
factors [2].

In Latin America, the influence of environmental factors on children’s health is
related to known risks, such as water contamination, emerging factors related to
climate change and exposure to toxic contaminants [26]. Children under five years of
age who live in unfavorable socioeconomic conditions in low- and middle-income
countries have greater exposure to poverty, malnutrition, poor housing conditions,
and poor basic sanitation, which directly influence their healthy development [27].

Due to the socioeconomic heterogeneity in Brazil, an unfavorable environment is
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expected to influence child growth. The northern region of Brazil has the highest
percentage of people (24%) living in households located in subnormal clusters
(favelas and similar), which is almost twice the national average (12.5%) [16]. This
region also has the second highest proportion of people living below the poverty level
(earning less than 74 of the minimum wage), which is surpassed only by the northeast
region [6].

Another negative factor influencing children’s growth is the lack of basic
sanitation (i.e., a clean water supply, sanitary sewage systems, and garbage
collection). Due to the natural environment in the Amazon rainforest, the northern
region has the worst sanitation conditions (Figure 2), resulting in the highest
percentage nationwide of hospitalizations due to diseases related to inadequate

environmental sanitation [15].
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Figure 2. Indicators of exposure (DPSEEA framework) in Brazil and the northern region.
Source: National Health Surveillance Agency, 2014 [16].

In 2015, according to the Brazilian National Health Survey, poor basic

sanitation was observed in 9.6% of homes with children up to 14 years of age; in
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the northern region, this percentage reached 19.2% [6]. The lack of access to
basic sanitation services is consistent with the occurrence of diarrhea in this
region. Furthermore, the hospitalization rate for acute diarrhea in children under
five years of age is the highest in the country (15.74%) [16].

In addition to poor sanitation, Amazonian children are exposed to other
environmental challenges, such as high levels of air pollution caused by intentional
and unintentional fires. The northern region has the highest occurrence of fires in
Brazil, and fires have been shown to affect human health and birth weight [28].
Moreover, air pollution exposes children to a greater risk of respiratory
complications; children are more vulnerable to the hazardous effects of gaseous
pollutants and particulate matter than adults [29].

In children under five years of age, air pollutants, environmental changes
(e.g., forest burns), low socioeconomic status, and malnutrition are determinants of
increased cases and aggravation of respiratory infections [29,30,31]. In the
northern region, hospitalization rates for acute respiratory infections in children
less than five years of age are higher than those of any other Brazilian region,
including large urban centers [16].

In addition to air pollution, children living in North Brazil, where rapid
urbanization, poor housing, and lack of sanitation coupled with intensive mining
and agricultural projects (compromising natural resources and traditional living) are
occurring are predisposed to a greater probability of exposure to pollution and
chemical contamination [4,5]. In the northern region, 10,415,597 people
(approximately 32% of the total population in Brazil) are estimated to live in areas
contaminated or suspected of being contaminated [16] with mining wastes (toxic
metals) and industrial and urban residues [32].

Major hydroelectric ventures in this region have had significant socio-
environmental effects, such as their impact on population explosion, resettlement,
loss of livelihoods, insect proliferation, declining living conditions (health,
education, transport, and basic sanitation), increased greenhouse gas emissions,
deforestation, reduction in the quantity of fish species, and mercury methylation,
which is the most toxic form for humans [4].

The determinants of growth in children include a complex set of variables

involving socioeconomic status and unsanitary environments. Indeed, children’s
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growth reflects not only the well-being of children but also the existing health and

nutritional inequalities among populations [27,33].
3.3. Overweight

Childhood overweight and obesity are risk factors for an increased incidence
of noncommunicable diseases in adults, such as hypertension, type 2 diabetes,
cardiovascular diseases, endocrine disorders, certain types of cancer, and sleep
apnea, [34] among others. In addition to the increased susceptibility to chronic
diseases, overweight and obesity also predispose individuals to negative economic
and social consequences in adulthood [1,35].

Concomitantly with the occurrence of the anthropometric deficits, childhood
malnutrition may manifest as excess weight. Between 1990 and 2015, the
prevalence of overweight children worldwide, including in developing countries,
increased from 4.9% to 6% [36]. In Brazil, anthropometric data from the ENDEF of
1974-75 and the POF/2008-09 showed that the increments in the weight
measurements were higher than the increments in the height measurements [14].
In the northern region, the prevalence of overweight for height reported by the
CNRN/2007 (12.8%) [11] exceeded that presented by PNDS/2006 (5.2%) [10]
(Figure 3). Additionally, the CNRN data showed that children of African or
indigenous descent and those residing in rural areas were at increased risk for

becoming overweight [11].
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Figure 3. Prevalence of overweight children under five years of age in the north region from
1989-2007. Source: National anthropometry and food consumption surveys [8,9,10,11]

Overweight problems in early childhood may be influenced by race/ethnicity
and socioeconomic conditions [37,38]. Using a detailed ethnic classification of two
cohorts (United Kingdom and United States) involving approximately 30,000
children, Zilanawala et al. [38] observed that those from ethnic minorities had a
greater risk of becoming overweight. The disparities between whites and other
racial/ethnic groups in the UK and USA demonstrated that in these groups, health
and socioeconomic disadvantages may be a risk factor for child overweight [38].

In poor regions, such as Northern Brazil, the prevalence of overweight and
obesity in children has increased. In 2015, this prevalence was 12.9% [15].
Notably, according to the nutritional surveys, the northern region had the greatest
deficit in stature, which indicated that obesity is not only prevalent among the most
socioeconomically favored but also may be a risk factor for children belonging to
low-income families with a history of prior malnutrition [39].

Due to increased processes of nutritional transition in low- and middle-
income countries, a new nutritional profile has been reported in children under five
years of age in which the height-for-age deficit and excess weight occur
simultaneously, and the lifelong effects resulting from this condition are unknown
[40].

During the early years of life, the basis for the body composition in
adulthood is formed, and fat cell growth occurs more rapidly during this period [34].
Therefore, the period from conception to two years of age is considered critical for
the development of childhood obesity and its adverse consequences [34,41,42].
Indeed, the CNRN/2007 found the highest percentages of children with excess
weight [11]. During this stage, several prenatal (higher maternal body mass index
(BMI) and smoking) and infant (high birth weight and rapid weight gain) factors
have been consistently associated with late childhood obesity [35].

Although overweight and childhood obesity are currently a focus of public
health worldwide due to their association with obesity in adulthood and other
adverse consequences, studies in Brazil on the prevalence of overweight and
obesity in children and adolescents in different Brazilian regions are limited, and

evidence needed for public policies is lacking [42].
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3.4. Feeding Practices and Children’s Growth

The nutritional transition currently experienced in Brazil has been marked
by malnutrition (under- and overweight) [43,44], which is a known risk factor for
acute and chronic diseases [1]. Balanced nutrition, particularly during the period
from conception to the second year of life, has a beneficial health effect in
adulthood. Large-scale nutritional interventions, such as the promotion of
breastfeeding (BF), have shown favorable short- and long-term results [45,46,47].

The numerous benefits derived from BF were confirmed by Victora et al.
[45]. These authors claimed that 823,000 deaths in children under five years of age
could be avoided annually if BF practices were universalized. Additionally, BF
might contribute to a reduction in sudden infant deaths, respiratory infections, and
diarrhea; lower the risks for developing obesity and diabetes; and provide long-
term beneficial effects on intelligence. The health and developmental benefits of
BF may result in lower expenditures among health systems worldwide [45].

Due to the importance of BF in all populations regardless of the
socioeconomic level, several of the following initiatives were implemented in Brazil:
expansion of human milk banks, trade limitations of breast milk substitutes, and
increased maternity leave. These BF promotion policies have led to significantly
improved breastfeeding in Brazil over the previous three decades, serving as a
reference for other countries [45,47].

According to the Breastfeeding Prevalence Survey Il (PPAM-2008),
compared to other Brazilian regions, northerners performed better in BF practices
during the first year of life. Nevertheless, an early introduction of water, teas, and
other milks during the first month of life was reported [12]. However, children of six
to 12 months of age consumed high amounts of unhealthy foods, such as soda
and coffee, and solid food before the sixth month of life. Children older than two
years frequently consumed artificial juices, jellies, soda, snacks, and filled biscuits.
Another factor considered unfavorable to the healthy growth and development of
children was the consumption of sugar and its by-products [11,12].

The age at which solid food is introduced, the quality of the diet, and the

dietary habits of the family are important for achieving optimal nutritional targets
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[48]. Together, these factors may constitute determinants of long-term health. Early
weaning and complementary feeding predispose children to obesity and other
comorbidities [49]. Since infant feeding is influenced by the family, we might infer
that the food consumption of the Brazilian population—among both adults and
children—is marked by a diet low in nutrients with a high-energy value and
differentiated profiles of food availability among the macro-regions [43].

In the northern region, milk-based preparations, including porridges, are
heavily consumed [11]. The high intake of milk contrasts with the low intake of
good nutritional quality foods, such as beans, fruits, and vegetables [13,14,43].
However, other foods, such as cassava flour and fish, are preferred by those living
in the north region of the country [14,50]. The intake of fish by northerners is
approximately 95.0 g/day [14]. In 2013, the proportion of people over 18 years of
age who consumed fish at least once per week was 77.2% [43].

In general, Brazilians have a low average consumption of fish (17.3
kg/year), which approximates the global per capita consumption (18 kg/year) [51].
Unlike other regions in the country, due to the abundance of rivers, fish diversity,
and socioeconomic and cultural factors, the Amazonian population has a higher
preference for fish [50,52,53]. Amazonians consume an average of 369
g/person/day of fish, or 135 kg/year [51]; in certain traditional riverside populations
in the Madeira River, the average daily fish consumption reaches 406 g/day and
148.2 kg/year [52].

Amazonian fish are recognized as an important protein resource, which
helps balance a high consumption of starchy foods [50,53]. Additionally, fish
contain omega-3 fatty acids, which are beneficial for fetal and child development
[54]. However, advisories to pregnant and breastfeeding women exist to avoid
consuming fish with high Hg content. In a study conducted by Stratakis et al.
(2016), in which they followed 26,184 pregnant women and their children, the
authors found that eating fish more than three times per week during pregnancy
was associated with an increased risk of developing childhood obesity [55].

Exposure to endocrine disrupters during the critical period of development
might be associated with changes in the functioning of the endocrine system that
contribute to the development of obesity [56]. However, factors such as the lack of

a biomarker of fatty acids and insufficient information regarding environmental
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pollutants in fish, the specific species consumed and their origin are limitations
noted by the study [52].

Caution is warranted in generalizing this association, particularly to
populations with a traditional lifestyle in the Amazon, which are characterized by
high fish consumption, prolonged breastfeeding and exposure to several
contaminants in fish. In these populations, in contrast to European and American
populations, the weekly fish consumption, even when correlated with the presence
of mercury in children, does not affect birth weight [57] or linear growth in breastfed
children [58].

Maintaining a balanced diet in childhood is important for optimal growth
and development. However, although Amazonian fish are good sources of
selenium and nutrients [50,53], the population in the north region consumes a low-
quality diet due to a high intake of energy-protein, cholesterol, and polyunsaturated
fatty acids and highly prevalent inadequate nutrient consumption, such as that of
iron and folate [13,14,43].

Bortolini et al. (2015) evaluated the dietary practices of children aged six to
36 months in Brazil and concluded that those residing in the north were more
highly vulnerable because they had a lower chance of having a high-quality,
diversified diet [44]. The socioeconomic inequalities experienced in childhood may
determine lifelong health and eating patterns. Exposure to inadequate nutrition,
particularly in children under five years of age, results in health risks in adulthood.

Recognizing that the influence of the environment along with nutritional
factors on growth may overlap with genetically determined factors, it is possible to
infer that nutritional deviations in children in the northern region tend to reflect
early exposure to unfavorable living conditions because the anthropometric

markers reported here are important predictors of the future.

3.5. Limitations

In the transitioning socioeconomic environment of the vast Amazon
territory, migration, agricultural projects, mining (clandestine and legal) and
hydroelectric projects have attracted migrant workers and families and have

disrupted the traditional living of these populations. The impact of these factors on
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the nutritional status of children cannot be ascertained with the used
methodologies; environmental issues (migration and attending changes in living
conditions) are not addressed in these anthropometric surveys, thus limiting our
understanding of the determining factors on children health.

Besides this, secondary data is another limitation to be considered in
regards to the distinct methodologies used and the time of the surveys; some of
them are ‘official government reports’, with all their inherent limitations (inadequate
sample size, irregular timing, and issues related data collection and aggregation).
The individual methodologies of the national health surveys were originally
designed for specific purposes and may have worked well for their objectives. It is
clear that we still need regional surveys that consider sociocultural differences
between urban, rural, and subsistence-based communities. These living settings in
the Amazon region are quite distinct from any of the regions found in Brazil.
Additionally, the SISVAN data collection system reflects a standard protocol
requiring specialized and well-trained personnel not available in remote places of
the Amazon. These difficulties may compromise data quality for the regional
peculiarities of the Amazon. Despite such shortcomings, the results emphasize
that children under five years of age in the northern region of Brazil have
significant deficits in H/A, W/A, and W/H. Therefore, SISVAN remains the only
system capable of assessing differences in nutritional status to guide policies to
attenuate persisting inequalities in children health. While these are important
limitations, their recognition can be useful to guide future research and health

policies for the region.

4. Conclusions

Understanding ‘environment and health’ is central to promote children’s
health and prevent nutrition deficits common in developing economies. This is
especially important in transitioning economies that frequently promote economic
growth but do not necessarily provide health improvements for traditional
populations.

Data extracted from monitoring systems, such as SISVAN, compared to
large population surveys, make it possible to provide information on nutritional

status over time more quickly and at a lower cost and to assess differences in
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nutritional status to guide policies to attenuate persisting inequalities in child
health. Therefore, the results emphasize that children under five years of age in
Brazil's northern region have significant deficits in H/A, W/A, and W/H. The
insufficient and/or inadequate dietary practices in the northern region are
disturbing because these factors are risk factors for growth deficits. Furthermore,
the prevalence of overweight, although lower than that of more developed Brazilian
regions, has significantly increased compared to that of populations living under
better socioeconomic conditions. Despite the important socioeconomic changes in
urbanization and healthcare that have occurred over the previous decades in
Brazil, regional and social inequalities are concentrated in the poorer regions, such
as the northern region, which has the worst living conditions in the country (e.g.,
serious social problems related to poor housing, unsanitary environments, and lack
of basic sanitation).

This finding reconfirms that the substantial efforts in Brazil to reduce
malnutrition have not progressed equally among the macro-regions. Moreover, the
nutritional transition phase experienced by the poorest population indicates the
need for interventional actions that integrate health, environment and
socioeconomic development issues. These actions are particularly needed in the

northern region, where progress in infant health has been slower.
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CAPITULO 3

3.1 METODOS

3.1.1 Area de estudo

Este estudo de coorte prospectivo foi realizado no Estado de Rondénia (RO),
localizado na Amazbnia Ocidental. RO, possui um extenso territério, com
aproximadamente 237.590.864 quildbmetros quadrados e € considerado o terceiro
estado com maior numero de habitantes da Regido Norte do Brasil com populagéo
estimada no ano de 2015 de 1.768.204/habitantes por km? (1).

A populacdo rondoniense é diversificada, composta de migrantes oriundos
dos estados do Parana, Sao Paulo, Minas Gerais, Mato Grosso, Porto Alegre,
Amazonas e de varios estados do Nordeste. O crescimento populacional em RO é
estimado em 1,2% ao ano e a densidade populacional de 6,5 hab./km2 RO
apresenta Indice de Desenvolvimento Humano (IDH) de 0,756, sendo o 14°
colocado entre as regides brasileiras e o 3° da regidao Norte (2,3).

A economia do Estado tem como principais atividades a pecuaria, agricultura,
extrativismo. Na agricultura, se destaca a produgcdo de mandioca, milho, arroz, café
e cacau. Existe também a criacdo de rebanho bovino, além de suinos, galinaceos,
equinos e caprinos. No extrativismo, a cassiterita é o principal produto de exploragéo
mineral do Estado e a maior parte da produgdo tem origem nos garimpos manuais
(2-4).

Na area da saude o numero de médicos é de 1,11 para cada 1.000
habitantes, o que n&o corresponde a metade do que € tido como aceitavel pela
Organizacdo Mundial de Saude (OMS) (5). Ademais, s6 existem 0,86 leitos
hospitalares para cada grupo de 1.000 habitantes. Em relacdo a sobrevivéncia na
infancia, no ano de 2015, a taxa de mortalidade infantil foi de 14 6bitos para cada mil
nascidos vivos (4).

Os rios da Amazébnia sao o principal meio de comunicagao e comércio na
regido, além de fornecerem uma das principais fontes de proteinas, através do peixe

para grande parte populagdo. A figura 1 ilustra os locais das popula¢des estudadas.
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Figura 1 - Localidades estudadas

1:250.000

Legenda: TM, minérios de estanho. A populagdes rurais e comunidades ribeirinhas: RV1, Marechal
Rondon; RV2, Comunidade do Rio Preto do Crespo; RV3, Rei do Peixe; R1, Triunfo; RV4, Vila dos
Pescadores; RV5, Sao Sebastido; R2, Vila Jatuarana; RV6, Engenho Velho; RV7, Santo Antonio;
RV8, Teotdnio; RV9, Jaci-Parana; RV10, Mutum-Parana; RV11, Vila Murtinho; R3, Vila lata; RV12,
Vila Surpresa. ® Locais de amostragem urbana. U1, Ariquemes; U2, Itapué; U3, Candeias; U4, Porto

Velho; U5, Guajara-Mirim

Marques et al. Fish consumption during pregnancy, mercury transfer, and birth
weight along the Madeira River Basin in Amazonia. [ilustragcéo] Int J Environ Res
Public Health. 2013 (6).
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3.1.1.1 Rio Madeira

A area de estudo no Rio Madeira inclui o municipio de Porto Velho, os Distrito
Jaci-Parana e Mutum Parana. Incluem-se ai os principais tributarios neste trecho,
areas adjacentes, praias, vilas de populagdes ribeirinhas, assim como areas urbanas
de Porto Velho, capital do Estado. O rio Madeira foi selecionado devido a extensao
de tempo em que importantes garimpos de ouro operaram na area. Outro fator de
escolha foram as grandes usinas hidrelétricas em construgdo no rio Madeira, que
estdo localizadas na capital Porto Velho: Santo Antbénio, 7 km acima da capital, e a
de Jirau, 120 km acima da primeira (2,3).

O projeto de construgcao das hidrelétricas no rio Madeira, um dos maiores
afluentes do rio Amazonas no territorio brasileiro, tem como objetivo a geragao de
energia elétrica e também ampliar a navegagao além da capital Porto Velho. O
numero de familias ribeirinhas que sofreram as consequéncias negativas destes
grandes empreendimentos € muito grande e uma parte significativa ndo queria sair
dos seus lugares de moradia dada o vinculo socioeconémico e cultural estabelecido
com o Rio Madeira. A previsao inicial era que a construgdo das barragens de Santo
Antbnio e Jirau iria alagar 50 mil hectares de floresta e retirar aproximadamente 5 mil
familias que viviam e garantiam sua sobrevivéncia das margens do rio, causando

grande impacto ambiental (7)

3.1.1.2 Rio Jamairi

O Rio Jamari foi diretamente atingido pelas mais importantes formas de
intervengao empreendidas pelo governo brasileiro no oeste da Amazonia, iniciando
pela abertura de estradas como a rodovia BR-364, a construcdo da Barragem de
Samuel e pela implantagdo da malha fundiaria que atraiu varios migrantes de
diversas localidades em direcdo a area em expansao. Situada a 52 km do municipio
de Porto Velho, a represa de Samuel esta em atividade desde 1989, quando foi
realizado o reassentamento de cerca de 240 familias no entorno deste rio (2,7)

Na area de abrangéncia do estudo encontram-se desde comunidades

tradicionais, areas industriais, curtumes e garimpos de cassiterita, na regido que
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abrange as cidades de Ariquemes, Itapua do Oeste e Candeias. Em torno de 95.000
habitantes vivem nos conglomerados urbanos e areas rurais. O crescimento desta
regido esta associado, principalmente, com a decisdo do governo federal, no final
dos anos 1970, de abrir uma nova fronteira agricola no Territorio Federal de
Rondénia, como meio de ocupar e desenvolver a regiao (4,7)

O intenso fluxo migratério provocou, contudo, um explosivo crescimento
populacional, sobretudo na década de 80. Ja o crescimento do municipio de
Ariquemes (influenciado pela sub-bacia do Rio Jamari), ocorreu a partir de 1958 com
a exploragao da cassiterita. A isso foi somada a implantagdo dos Projetos Integrados
de Colonizagao do Instituto Nacional de Colonizagdo e Reforma Agraria (INCRA),
em 1970. Atraiu-se, assim, pequenos produtores originarios da regido Centro-Sul do
Brasil, que se dedicaram a agricultura e a pecuaria. Esta regido espelha a situagao
que ocorre em toda a Amazdnia, um cenario de intensa agao antropica, que se
expressa, sobretudo na atividade agropecuaria, mineragao e desmatamento com

impactos diretos para o ecossistema e potenciais efeitos a saude humana (7)

3.1.1.3 Rio Mamoré

A area de estudo no Rio Mamoré inclui o Distrito de Vila Murtinho, localizado
no municipio de Nova Mamoré e o municipio de Guajara-Mirim. Incluem-se ai areas
adjacentes, vilas de populagdes ribeirinhas, assim como areas urbanas. No Distrito
de vila Murtinho é o ponto geografico que se encontra as aguas dos Rios Beni com o
Mamoré, formando entdo o Rio Madeira (2,3)

A direita do Rio Mamoré se localiza o municipio de Guajara-Mirim e na
margem esquerda esta a cidade gémea de Guayaramerin, Bolivia. A caracteristica
da populacédo desta regido de Rondbnia é resultado da miscigenagdo de varias
racas com os considerados nativos, resultando numa populagao muito caracteristica
da Amazbnia com o predominio de caboclos e também da miscigenagdo com os
bolivianos. Esta caracteristica populacional difere das demais localidades no estado,
pois ndo teve a influéncia das imigragcdes ocorridas ao longo da BR 364. Nas

margens do Mamoré, se situa a Area de Livre Comércio de Guajara-Mirim ( 3).
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3.1.1.4 Ribeirinhos

A populagao que habita as margens dos grandes rios na Amazébnia recebe a
denominacao de ribeirinhos. Essa € uma populagao influenciada pelos ciclos das
aguas e pela cultura indigena. Tem uma populagdo em transi¢do entre os habitos
tradicionais e a influéncia dos centros urbanos mais préoximos. O ribeirinho é
pescador, agricultor, cagador e comerciante. Quando sobrevém as grandes cheias
no rio Madeira, as aguas depositam em suas margens um limo fertilizante e quando
as aguas baixam o ribeirinho planta milho, feijdo, abobora, maxixe, quiabo,
macaxeira, melancia, cebolinha entre outros. Os produtos colhidos destinam -se a
alimentacao das familias e o excedente € comercializado nos centros urbanos mais
préximos ou no préprio distrito. As familias se agrupam em pequenas aldeias,
compostas de 6 a 8 casas. Muitas familias ja estdo na quinta ou mais geracdes e

continuam morando no mesmo lugar (3,7)

3.2 PARTICIPANTES

A casuistica constituiu-se de mulheres gravidas e seus recém-nascidos que
residissem na area de abrangéncia dos rios Jamari, Madeira e Mamoré. Foram
selecionadas todas as mulheres gravidas e seus recém-nascidos, baseados nos
seguintes critérios: mulheres saudaveis durante a gravidez, auséncia de
malformacgdes congénitas e residir pelo menos cinco anos na area de estudo.

Foram identificadas e convidadas a participar do estudo, 1668 gravidas com
data provavel do parto durante o ano de 2007. Destas, 215 recusaram o convite e 11
gestacbes terminaram em morte fetal. Houve 1442 nascidos vivos no periodo,
entretanto, 9 criangas foram excluidas devido a anomalias congénitas. No total, 1433

pares de méaes/criangas foram acompanhadas.

3.3 OBTENCAO DOS DADOS

A equipe de entrevistadores recebeu treinamento especifico para aplicacao
do questionario que continha perguntas abertas e fechadas a fim de obter

informagdes sobre dados sociodemograficos, habitos alimentares e de saude das
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participantes do estudo. As maes foram questionadas sobre a ingestdo diaria de
peixe. Foram coletadas amostras de cabelo de todos os participantes. Dados sobre
a idade, data de nascimento e peso ao nascer foi obtida a partir de registros
hospitalares ou de parteiras.

Informacgdes sobre praticas de amamentagcéo foram baseadas nas repostas
das maes. Através das visitas domiciliares programadas, os pesquisadores treinados
realizavam também medi¢des antropométricas, coletavam amostras de cabelo da
mae e da crianga além da triagem de criangas anémicas. Os pesquisadores que
coletaram dados de crescimento ndo conheciam as concentragcdes de Hg dos
sujeitos do estudo, e o pessoal de laboratério responsavel pela analise Hg no cabelo

desconhecia os dados relacionados ao crescimento e desenvolvimento.

3.3.1 Dados antropométricos

Para as maes que tiveram parto hospitalar, as medidas de peso, comprimento
e ao nascer foram verificadas por enfermeiros treinados dos hospitais publicos da
regido. As maes que tiveram parto domiciliar, parteiras foram identificadas
previamente pelos moradores e treinadas pela equipe do projeto para obtengao dos
dados do nascimento.

O treinamento seguiu o procedimento padrdo de acordo com o que preconiza
o Ministério da Saude (8). Foi fornecido balanca infantil portatil com exatidao de 1g e
antropdmetro horizontal infantil portatii da marca Seca com exatidao de 0.1 cm. A
calibragdo das balangas foi realizada pelo Instituto Nacional de Metrologia,
Qualidade e Tecnologia (INMETRO). As medidas antropométricas dos neonatos
foram realizadas logo apds o parto, com o recém-nascido sem roupas, em decubito
dorsal.

Para as medidas antropométricas subsequentes (6,24 e 59 meses) foi
utilizado balanga tipo mola, com capacidade maxima de 24 Kg. Todas as criangas
foram pesadas com o minimo de roupas possivel e desprovidas de calgados a fim
de evitar interferéncia no valor real do peso. Para a avaliacdo da altura em menores
de um ano, foi utilizado antropémetro infantil portatil, e para as demais criancas do

estudo, a régua antropométrica. Nos menores de um ano o comprimento foi
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mensurado na posi¢cao decubito dorsal e para as criangas mais velhas, a estatura foi

mensurada na posigao ortostatica.

3.3.2 Determinacgao das concentragdes de Hg total

Apos a tomada das medidas antropométricas, foram coletadas amostras de
cabelo da regidao occipital das maes e criangcas. Tesoura de acgo inoxidavel foi
utilizada para esse fim. Para anadlise das concentragdes de mercurio, o cabelo
coletado foi armazenado em um envelope identificado e levado para o Laboratério
de Radioisétopos da Universidade Federal do Rio de Janeiro. O mercurio total foi
determinado em amostras de cabelo das maes e nas criangas ao nascer e nos
meses subsequentes (6, 24 e 59).

Resumidamente as amostras de cabelo foram lavadas com uma solugao de
EDTA 0,01%, enxaguada com agua ultrapura e seca em estufa a 50°C. As amostras,
foram fracionadas ao maximo com tesoura de ago inox para melhor
homogeneizagcdo e aumento da eficiéncia dos acidos na digestdo. Apds serem
pesadas, as amostras foram digeridas com 5 ml de HNOs e H2SO4 (1: 1) e 4 ml de
5% de KMnO4 usando um bloco de digestor a 80 ° C durante 40 min. A
determinacao de Hg total se deu por espectrofotometria de absorgdo atbmica com
geracao de vapor frio (CV-AAS) em equipamento FIMS-400 da Perkin-EImer®. Os

resultados foram expressos em microgramas de Hg total por grama de cabelo (ug.g

") (9).

3.3.3 Determinagao da anemia

Para a dosagem de hemoglobina em criangas, foi utilizado fotémetro portatil
da marca HemoCue ®. A coleta de sangue foi realizada em microcuvetas
descartaveis, através de puncgao digital sendo o resultado obtido em poucos minutos
pela leitura no hemoglobinbmetro e expresso em gramas por decilitro (g/dl). O
aparelho era calibrado, conforme as especificacdes do fabricante. Para definicao de
anemia foi adotado o nivel de hemoglobina abaixo de 11 g/dl (10).
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3.4 PROTOCOLO DE ESTUDO

O protocolo foi aprovado pelo comité de ética da Universidade Federal de

Rondbnia sob o numero 001/07 e 012/08. Foi obtido consentimento informado, por

escrito, da mae ou responsavel legal de todos os participantes.

3.5 VARIAVEIS

Para analise da influéncia da ingestdo materna de peixe sobre os indices

antropomeétricos das criangas estudadas, foi considerado como variavel resposta as

alteracdes nas médias de escore Z dos indices A/l, P/l e P/A.

As variaveis preditoras foram:

Renda familiar

Local de residéncia (urbana e ndo urbano)
Idade materna

Idade gestacional

Numero de filhos

Tempo de aleitamento materno em meses
Peso e comprimento da crianga ao nascer
Ingestdo materna de peixe por semana

Hg total da mae no nascimento da crianga e nos meses subsequentes
(6,24 e 59)

Hg total da crianga ao nascer,6,24 e 59 meses

Niveis de Hemoglobina aos 24 e 59 meses

A ingestao materna de peixe no periodo pré e pos-natal foi verificado por meio

de um questionario e pelos niveis de Hg no cabelo da mae.

3.6 ANALISE ESTATISTICA

Os indicadores utilizados para a avaliagdo do crescimento e ganho de peso

das criangas foram peso/idade (P/l), altura/idade (A/l) e peso/altura (P/A). O calculo
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destes indices foi realizado pelo programa Antro (WHO Anthro, Version 3.2.2 2011),
tendo como referéncia as curvas de crescimento de criancas de zero a cinco anos
de idade da OMS (11). Foram adotados como pontos de corte valores abaixo de -2
escore - z para definir déficits pondero - estatural e acima de +2 escore - z para
excesso de peso.

Foi realizada analise descritiva das variaveis e sua verificacdo da distribuicdo
de maneira grafica. Os dados foram analisados por meio do modelo linear de efeito
misto dado que este possibilita a descricdo de medidas repetidas e correlacionadas
de uma mesma crianga e sua mudanga no decorrer do tempo, além disso, podem
acomodar sujeitos na analise mesmo na auséncia de informagdo em algum
momento do estudo (12).

Os modelos de efeitos mistos podem incorporar variaveis de exposicdo do
mesmo modo que os modelos de regressdo convencional, entretanto, diferente dos
modelos de regressao convencionais, que fornecem uma uUnica equacgao ou curva de
crescimento para uma amostra inteira, os modelos de efeitos mistos permitem que
os coeficientes de regresséo variem entre os individuos (12,13).

Desta forma, o modelo de efeitos mistos € uma abordagem mais sofisticada
que estima ndo somente curvas individuais como também uma curva meédia da
amostra. O modelo considera ainda a existéncia de efeitos fixos quando se deseja
inferir para as categorias das variaveis independentes e os efeitos aleatérios quando
as categorias das variaveis observadas no ajuste do modelo constituem uma
amostra aleatéria de uma populagao (13,14).

Para modelar o valor esperado da variavel resposta (escore z de A/l, P/l e
P/A), foram consideradas como efeito fixo as seguintes variaveis: local, peso,
comprimento, idade gestacional, sexo, idade da mae, numero de filhos,
concentracdo de mercurio do recém-nascido, concentragdo de mercurio da mae,
renda, educacgdo, quantidade informada da ingestdo de peixe por semana,
amamentagao, idade da crianga e concentragdo de hemoglobina por considerar que
estas variaveis permitem obter os valores esperados das observacdes. Os efeitos
aleatérios (sujeito e o tempo) foram utilizados para modelar sua estrutura de
covariancia (15). As variaveis categoricas sexo e localidade tem como linhas de

base a categoria feminino e rural respectivamente.
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Para verificar o efeito da localidade e da quantidade de peixe consumido na
concentracdo de Hg materno, foi realizado um ANOVA dois fatores, com a
concentragdo de Hg materno sofrendo uma transformagdo por box-cox.
Posteriormente, foi aplicado um teste de Tukey para realizar as comparagdes
multiplas.

Para as concentragbes de Hg nas criangas foi aplicado o teste de Shapiro—
Wilk para verificar a normalidade da distribuicdo de acordo com os periodos de
coleta (0, 6, 24 e 60 meses) e apds esse procedimento os periodos foram
comparados através do teste de Friedman. O nivel de significancia utilizado foi de
0,05.

A colinearidade entre as variaveis independentes foi testada pelo teste de
correlacdo de Pearson. As variaveis comprimento ao nascer e concentracdo de
mercurio do recém-nascido possuiam altas correlagbes com as variaveis peso ao
nascer (r > 0.856) e concentragcao de mercurio da mae (r > 0,744) respectivamente.
As variaveis com coeficiente r> 0,80 foram ainda testadas quanto a
multicolinearidade por meio do teste de fator de inflagado de variancia (FIV) (12). Para
determinar quais variaveis permaneceriam no modelo, foi estabelecido como ponto
de corte o FIV inferior a 2,5. O comprimento ao nascer apresentou FIV = 3,76 e a
concentracdo de mercurio do recém-nascido FIV=2,66. Assim, ao considerar o
objetivo desta hipotese e os valores dos testes, decidiu-se pela exclusdo destas
duas variaveis.

Foram construidos modelos reduzidos para A/l, P/l e P/A com as variaveis
sexo, idade e HgM. A medida que as demais varidveis independentes eram
introduzidas, verificava-se seu comportamento, aquelas com nivel de significancia
inferior a 20% (p < 0,20), eram elegiveis para a etapa posterior. Para a construgao
dos modelos para A/l, P/l e P/A foi utilizado a estratégia backward. As variaveis com
valor de p < 0,05 foram mantidas nos modelos. Com a finalidade de construir um
modelo estatistico envolvendo a busca de um modelo parcimonioso com uma oétima
explicacdo dos dados coletados, minimizamos o numero de variaveis do modelo
resultando num modelo numericamente estavel e mais facilmente generalizado, pois
quanto mais variaveis forem incluidas num modelo, maiores serdo os erros-padrao

estimados e mais dependente se tornara o modelo nos dados observados. O
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processo de inclusdo, reconstrugdo, exclusao e verificagdo continuaram até que as

variaveis importantes do ponto de vista estatistico e clinico fossem selecionadas.
Para selecdo do melhor modelo para A/l, P/l e P/A, levou-se em consideracao

a comparacao dos valores de AIC (Akaike Information Criterion) (16) que se baseia

na funcdo logaritima da verossimilhanga entre os modelos ajustados e que foram

obtidos por: AIC = -2L(#) +2d em que: d representa o numero total de pardmetros

de efeito fixo e aleatdrio estimado no modelo. Considerou-se o melhor modelo,
aquele com menor valor de AIC e o teste da razdo de verossimilhangas entre os
modelos ajustados.

Testes diagndsticos foram realizados para verificar se o0s pressupostos
basicos de distribuicdo para os modelos de efeitos mistos foram satisfeitos (17). Foi
observado de maneira grafica o comportamento dos residuos, por meio dos graficos
de Valores ajustados versus Residuos, Quantis teodricos da distribuicdo normal
padronizada versus Quantis observados na amostra, e por fim o Histograma dos
residuos, com o objetivo de verificar sua normalidade e homogeneidade.

As curvas de altura e peso foram construidas utilizando métodos de
estimacdo de maxima verossimilhanga e maxima verossimilhangca restrita
respectivamente. Os efeitos aleatdrios para o intercepto e o termo linear para a
idade (inclinagdo) foram incluidos para explicar as medidas de correlagdo intra-
sujeito das medi¢des na estimativa da variancia.

A especificagdo da estrutura de correlagdo foi conduzida pela matriz auto-
regressiva de primeira ordem AR (1) a fim de descrever as correlagdes ao longo do
tempo. As curvas ajustadas foram suavizadas por splines cubicas para o peso e
altura (16,17) e graficamente comparadas com as curvas de referéncia da
Organizacao Mundial da Saude de acordo com o sexo.

As andlises foram realizadas com auxilio do programa estatistico R® (R

Development Core Team, 2016).
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Highlights

Fish-based Amazonian diet can be assessed through hair-Hg in mothers and
children.

Fish consumption during pregnancy and childhood was studied in the
Amazonians.

Growth curves were in normal range for children on fish-based diet

Maternal fish consumption and MeHg exposure did not affect children’s growth.

Children’s growth in the first five years was not affected by dietary fish.
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Abstract

Objective: To investigate the influence of maternal fish consumption on the
anthropometric indices (nutritional statuses) of children in the Western Amazon.
Methods: We studied trends in fish consumption among pregnant women and their
children (followed up to 5 years) living in areas of the Madeira River Basin in
Rondénia State, Brazil. Maternal fish consumption was assessed through the hair
mercury (HHg) concentrations of mothers and their children at the time of delivery
and after 6, 24, and 60 months. The nutritional statuses of children were assessed
through anthropometry. Data analysis was performed using a linear mixed-effect
model. Findings: Mothers were predominantly young, had low incomes and limited
schooling, and breastfed for more than 6 months. Only 1.9% of children had low birth
weight. The anthropometric indices in circa 80% of the study population showed z-
score values ranging from =-2 to <1. Children whose mothers consumed fish more
than thrice a week were overweight and presented an obesity rate of 3.4% and a
height deficit rate of 2.7%. The influence of maternal fish consumption on the
anthropometric indices of height-to-age (H/A), weight-to-age (W/A), and weight-to-
height (W/H) were not statistically significant after model adjustments. However, a
higher family income and larger weight at birth indicated a positive influence on the
H/A and W/A indices, whereas W/H gain was favored by a mother’s higher
educational status and breastfeeding time. Children whose mothers consumed fish
more than 3 times a week had an overweight and obesity rate of 3.4%, and a height
deficit of 2.7%. Other variables, such as hemoglobin concentration and maternal age,
positively and significantly influenced increases in the measured anthropometric
indices. Overall, boys showed both lower height and weight gain than girls.

Conclusion: Maternal fish consumption (or its attendant MeHg exposure) did not
affect children’s growth up to the age of 5 years. Nevertheless, it is advisable to avoid

mercury-contaminated fish during pregnancy and childhood.

Keywords: fish consumption; maternal; anthropometric indices; mercury
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Introduction

The promotion of adequate child growth is considered a global priority,
especially in vulnerable populations. Evidence suggests that from conception to early
life, good nutrition and a healthy environment can influence optimal growth, as well
as ensure gains in human capital and long-term health (Black et al., 2013).
Therefore, early life is a critical phase of human development that is particularly
sensitive to environmentally caused pathologies and nutritional stimuli that may
influence health outcomes later in life (Stratakis et al., 2016).

The impact of environment and maternal nutrition on child growth and
development has been previously studied. Specifically, maternal fish intake during
pregnancy is known for its benefit in the neurodevelopment (Campoy et al., 2012),
intrauterine growth (Emmett et al., 2015), birth weight, and a diminished risk of
premature birth (Leventakou et al., 2014). However, maternal fish consumption may
also expose the developing fetus to environmental pollutants (Miyashita et al., 2015),
which may disturb the endocrine system and thereby affect weight gain (Agay-Shay
et al., 2015).

It is believed that fish intake during pregnancy can influence not only the
developing fetus, but also later child growth. A large, multicenter study that analyzed
data from 26,184 pregnant women, as well as their respective offspring, reported that
fish consumption during pregnancy (>3 times per week) was associated with rapid
growth and increased adiposity in European and American children (Stratakis et al.,
2016). Since several factors may influence food consumption and lifestyle in different
populations, generalization of these findings should be done with care.

Fish is recognized as an important source of vitamins, iodine, long-chain
polyunsaturated fatty acids; it also provides essential elements such as manganese
(Mn), copper (Cu), and selenium (Se) (Dérea, 2003; Gil and Gil 2015) known to
neutralize the toxic effects triggered by Hg (Rocha et al 2014). People living in the
Amazon region have plentiful access to rivers and consequentially consume fish as
an important source of protein to complement staple starchy foods (Dufour et al,
2016). Under these circumstances, fish consumption is also associated with
exposure to methylmercury (MeHg) (Dérea, 2004; Dérea and Marques, 2016). The
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socio-demographic characteristics and habitual fish consumption among Amazonian
mothers also expose their children (during pregnancy and lactation) to MeHg
(Marques et al., 2007; Marques et al., 2008; Marques et al., 2013; Marques et al.,
2016). Indeed, in Amazonian populations, hair mercury (HHg) concentration has
been established as an important marker for both the consumption of fish and MeHg
exposure (Marques et al., 2013; Marques et al., 2008; Marques et al., 2007; Dérea
and Marques, 2016).

The intense urbanization processes that occurred in the Amazon region has
led to lifestyle changes and, consequently, in the diet of this population through the
introduction of industrialized foods. However, fish remains an important dietary item,
especially in traditional populations (Marques et al., 2007, Piperata et al., 2011).
Currently, Amazonian children are a heterogeneous population with different
lifestyles. Nevertheless, exposure to MeHg (from fish consumption), coupled with the
lack of adequate infrastructure (roads, clean water, and waste disposal) and
substandard living conditions, are still some of the major problems. A recent study
has shown that unfavorable socio-economic conditions associated with poor feeding
and nutritional practices in the Northern region of Brazil are still determinants of poor
anthropometric indices among young children (Cunha et al, 2017).

Given that both the environment and eating habits of mothers may determine
the health of their children throughout life, this study aimed to investigate the
influence of maternal fish consumption on the anthropometric indices height-to-age
(H/A), weight-to-age (W/A), and weight-to-height (W/H) of children followed-up since

birth until the age of 5 in the Western Amazon, Rondbnia State, of Brazil.

Materials and methods

Study population

We used data from a cohort study initiated in 2007 to evaluate the
development of children exposed to environmental mercury. The study protocol
(001/07 and 012/08) was approved by the Ethics Committee of the Federal University
of Rondbnia. Mothers or the legal guardians of all participants provided written
informed consent. The details of the sampling procedure have been described
(Marques et al., 2008; Marques et al., 2007). Briefly, the study participants consisted

of pregnant women and their newborns living in the area nearby the Jamari, Madeira,



44

and Mamoré rivers, according to the following criteria: women with healthy
pregnancies, the absence of congenital malformations, and residing for at least 5
years in the study area.

A total of 1,668 pregnant women were invited to participate in this study, of
which 215 refused to participate and 11 pregnancies ended in fetal death. Of the
1,442 live births, 9 were excluded due to congenital abnormalities. In total, 1,433
children were followed-up to the age of 5 years. Moreover, an earlier publication
addressed fish consumption and birth weight (Marques et al., 2013).

The research team that conducted the interviews received specific training on
how to apply the questionnaire, as well as how to weigh and measure the study
children. The questionnaire was used to collect information on breastfeeding
practices and pertinent socioeconomic data. Data regarding age, date of birth, and
birth weight were obtained from hospital or midwife records. Through planned home
visits, trained researchers performed anthropometric measurements, collected hair
samples from both mothers and children, screened anemic children (using
hemoglobin tests); when appropriate, mothers were advised to seek available health
and medical services. The researchers who collected the growth data were blind to
the Hg levels of the subjects, and laboratory personnel responsible for HHg analyses

were blinded to the growth and development data.

Anthropometric data

The weight and length of newborns who were delivered in regional public
hospitals were registered by the staff nurses. For mothers who gave birth at home,
midwives, who had been previously identified by the residents, were trained by the
project team to obtain the necessary information at birth. Weight and length at birth
were measured with a portable infant scale that had a 1-g accuracy and a portable
horizontal anthropometer (Seca, Hamburg, Germany), respectively. For subsequent
anthropometric measurements (at 6, 24, and 59 months of age), we used a spring
scale with a maximum capacity of 24 kg. All children were weighed with the least
amount of clothing possible and without shoes. During the length assessment, we
used a portable infant anthropometer for children younger than 2 years and a

stadiometer for older children.
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Assessment of total hair Hg (HHg) concentration

Hair samples were collected from the occipital regions of mothers and children
with stainless steel scissors. HHg levels were determined in samples obtained at the
time of delivery and after 6, 24, and 59 months according to routine laboratory
methods (Marques et al 2007). Briefly, hair samples were washed with a 0.01%
ethylenediaminetetraacetic acid solution, rinsed with ultrapure water, and dried at
50°C. The samples were then fractionated with stainless steel scissors to ensure
better homogenization and increased efficiency during acidic digestion. After
registering their weights, samples were digested with 5 mL of HNO3 and H2S0O4 (1:1),
as well as 4 mL of 5% KMnOs4 in a digester block at 80°C for 40 minutes. The
analysis of HHg was performed by atomic absorption spectrophotometry with cold
vapor generation in a Perkin-Elmer® FIMS-400 flow-injection system (Ueberlingen,

Germany). The results were expressed in pyg/g™! of total Hg (Marques et al., 2007).

Assessment of anemia

The anemia assessment (at 24 and 59 months) was conducted with a
HemoCue® portable photometer (hemoglobinometer, Angelhoim, Sweden). Blood
samples from a digital puncture were collected in disposable microcuvettes and
hemoglobin concentrations determined according to the manufacturer’s instructions.
The results were obtained immediately and expressed in grams per deciliter (g/dL).
The instrument was calibrated according to the manufacturer's specifications.
Children were considered anemic if their hemoglobin levels were below 11 g/dL
(World Health Organization, 2011).

Study variables and statistical analysis

The influence of maternal fish consumption on the anthropometric indices of
the children was assessed through the changes in the mean Z-score of the H/A, W/A,
and W/H parameters during the study period. The anthropometric indices (W/A, H/A,
and W/H) were calculated using the WHO Anthro version 3.2.2 (WHO, 2010). The
WHO growth curves for children from birth to 5 years of age were used as
references. Z-score values below -2 and above +2 were used as cut-off values to
define weight-stature deficits and excess weight, respectively.

The data were analyzed using a linear mixed-effect model. This model allows



79

for the analysis of repeated and correlated measures of the same child over time. To
model the expected value of the response variable (Z-score of W/A, H/A, and W/H),
the following variables were considered as fixed effects: living location, weight,
length, gestational age, sex, maternal age, parity, HHg levels in the newborn,
maternal HHg levels, family income, maternal education in years, frequency of fish
consumption, breastfeeding, age of the child, and hemoglobin levels. The random
effects (subject and time) were used to model their covariance structure (Nobre and
da Motta Singer, 2007).

Collinearity among the independent variables was tested using the Pearson
correlation test. Variables with an r coefficient >0.80 were further tested for
multicollinearity through the variance inflation factor (VIF) test. A VIF cut-off of <2.5
was used to determine which variables would remain in the model. After this step, the
variables length at birth and total HHg level of the study child were excluded.

The next step began with the construction of a reduced model for the W/A,
H/A, and W/H parameters along with the variables sex, age, and maternal HHg. We
assessed the behavior of these variables as we introduced other independent
variables, with variables having a significance level lower than 20.0% (p <0.20) were
eligible for further analysis. We used the backward strategy for the construction of the
models for the W/A, H/A, and W/H parameters. The variables with p-value <0.05
were maintained in the models.

In order to select the best model for the W/A, H/A, and W/H parameters, we
assessed candidate models using the Akaike’s Information Criterion (AIC) values

based on the logarithmic similarity function between the adjusted models. This is

calculated as AIC = -2L(&) +2d; where L is the maximized similarity of the model and

d represents the total number of parameters with fixed and random effects estimated
by the model. The model with the lowest AIC value was considered the optimal
model (Johnson et al., 2013).

After variable adjustments, we conducted tests to verify whether the basic
assumptions of a distribution for the mixed-effects models were met (Nobre and da
Motta Singer, 2007; Johnson et al., 2013). The behavior of the residuals was
observed by comparing adjusted values to the residuals, and the theoretical quantiles

of the standardized normal distribution to the quantiles observed in the sample. A
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histogram of the residues was used to verify normality and homogeneity.

To test the effect of the amount of fish consumed on maternal mercury levels
according to the area of residence (urban and non-urban), we used the two-way
analysis of variance, where the maternal mercury level had been subjected to Box-
Cox transformation. Subsequently, the Tukey test was applied for multiple
comparisons. The Shapiro-Wilk test was used to verify the normality of the data on
mercury levels in children over time (0, 6, 24, and 59 months) and the periods were
compared using the Friedman test. The level of significance was 0.05.

The height and weight curves were constructed using estimation methods for
maximum similarity and maximum restricted similarity, respectively. The random
effects for the intercept and the linear term for age (slope) were included to explain
the intra-subject correlation measures in the assessment of variance estimates. The
specification of the correlation structure was conducted using a first-order
autoregressive matrix to describe correlations over time. The adjusted curves were
smoothed by cubic splines for weight and height (Johnson et al., 2013) and
graphically compared with the WHO reference curves according to sex (WHO, 2006).
The statistical analyses were performed using R statistical software (version 3.3.2; R

Development Core Team, Vienna, Austria).

Results

This study included 1,433 women and their respective children, who were
followed-up from birth until 5 years of age. The data losses throughout the study
were only 4.2% and occurred in a randomized manner, with no significant effects on
the analysis. The final sample (1,373) consisted of 49.7% boys and 50.3% girls. Of
those, 48% lived in urban areas and 52% lived in non-urban areas (riverside, rural
area, and tin-mining settlements). Seventy-eight percent of children (both genders)
were born after full-term pregnancies with adequate mean weight and length. Only
1.9% of the children were underweight (<2,500 g) at birth. During the follow-up
period, the W/A, H/A, and W/H indices presented Z-scores between =-2 and <1 in
almost 80% of the study population. Subjects with W/A, H/A, and W/H deficits
occurred between 6 and 24 months, whereas being overweight for a given child’s
height was more frequent at 24 and 59 months. Detailed characteristics of the

subjects are described in Table 1.
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Table 1. Characteristics of the 1,343 pairs of mothers and children comprising the 5-

year Rondénia study population

Variables

Median (Min—Max)

Mean (xSD)

Mothers (n = 1,373)
Income®
Maternal schooling in years
Number of children
Maternal age (years)
Gestational age (week)
Fish consumption per week
Breastfeeding (months)®
HHgM (ug/g)°

0

6

24

59
Children (n = 1373)
Length at birth (cm)
Weight at birth (g)
H/A (Z-score) @

560 (50-4500)
5 (0-16)

2 (0-12)
21(13-43)
39 (32-45)

2 (0-7)

5 (0-40)

5.82 (0.73-130.72)
5.0 (0.50—125.21)
5.57 (0.49-129.15)
5.62 (0.55-146.87)

51.0 (43.0-59.5)
3200 (2010-5950)

652.22 (436.84)
5.90 (3.11)
2.00 (1.71)

22.80 (5.98)
39.13 (1.58)
2.85 (2.02)
6.55 (5.77)

8.39 (9.96)
7.71(9.84)
8.29 (10.13)
8.58 (2.75)

50.84 (2.61)
3242.0 (451.4)

0 0.59 (-3.64-5.56) 0.68 (1.41)

6 0.53 (-3.13-2.48) 0.23 (1.06)

24 -0.38 (-2.23 to -4.86) -0.32 (0.86)

5 -0.84 (-1.94 to -1.23) -0.70 (0.57)
WI/A (Z-score)d

0 -0.20 (-3.19-5.06) -0.06 (1.03)

6 -0.72 (-2.92—1.45) -0.77 (0.70)

24 0.25 (-2.25-3.19) 0.17 (0.88)

59 -0.77 (-2.42-2.29) -0.51 (0.93)
W/H (Z-score) ¢

0 -1.02 (-4.34-2.75) -1.06 (0.91)

6 -1.14 (-3.94-2.43) -1.06 (0.77)

24 -0.44 (-4.11-4.78) 0.40 (1.31)

59 -0.38 (-2.45-3.48) -0.17 (0.98)
Hemoglobin (g/dL)?

24 (months) 11.00 (8.10 to -13.40) 11.0 (1.02)

59 (months) 11.00 (8.10 to -13.10) 10.8 (0.99)
HHgC (ug/g) ©

0 1.360 (0.001-18.530) 1.90 (1.83)

6 2.03 (0.15-18.95) 2.56 (1.94)

24 2.96 (0.21-23.24) 3.41 (2.36)

59 3.07 (0.40-20.37) 3.62 (2.42)

alocal currency (Real); b'sampled at the end of lactation; (HHgM, HHgC = Mercury in hair of mothers
(M) and children (C), respectively; 9H/A, height-to-age; W/A, weight-to-age; W/H, weight-to-height.
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Mothers were predominantly young, had low income and limited schooling
(median 5 years), with a mean breastfeeding duration of 5.6 months (urban) and 7.4
months (non-urban). At the beginning of this study, the average family income was
lower than the national and northern region average (Table 1). The rate of teenage
pregnancy (13-19 years) was notably high (n=469; 34%); there were 65 mothers with
age between 13-15 years (4.7%). However, the mean z scores, H/A (-0.02), W/A (-
0.33), and W/A (-0.52) for these mothers’ children did not differ from those for the
adult mothers’ children.

The average maternal fish consumption, as measured by HHg levels, was
higher over time in women from non-urban areas, as compared to those from urban
areas (Mo= 0.0687; p <0.0001). In non-urban areas, HHg levels in mothers who
consumed fish more than 3 times a week were above the limits recommended by the
WHO (6 pg/g™) (Fig. 1).

Fig. 1: The relationship between maternal Hg levels and frequency of fish
consumption in urban and non-urban areas. Box plot charts comparing the weekly
fish meals with the total hair-Hg concentrations of urban and non-urban mothers (Tukey test:

p <0.0001).
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Our findings indicate a positive influence of higher family income on the H/A (B
= 0.0001, p <0.0001 and W/A (B = 0.0008, p <0.005) indices; however, W/H gain was
associated with higher maternal education (B = 0.0181, p <0.0001) (Table 2).
Children whose mothers consumed fish more than 3 times a week had an overweight
and obesity rate of 3.4%, as well as a height deficit of 2.7%. Weight at birth
contributed positively to the increase in the H/A (8 = 0.0006, p <0.000) and W/A
indices (B = 0.0008, p <0.000) (Table 2). Maternal fish consumption in the presence
of other variables did not remain significant after adjustments in the final models for
the W/A, H/A, and W/H indices.
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Table 2 - Multiple analysis of the linear mixed-effect model with random intercept and slope for H/A, W/A and W/H indices in children
from the state of Rondénia, Brazil.

Fixed effect B SE Cl 95% p-value R@NdOM /- iiance  SD Model
effect adjustment
H/A
Intercept 2182 03081  -2.786;-1578 168e-12 Intercept 05757  0.7587 Slfn 'ﬁgﬁty -7604.6
Age of the child -0.0200  0.0006  -0.0212;-0.0187 <2e-16 thAéq?:h?r 4 00779 02791 AICP 15233.2
Male gender -0.4563 0.0247  -0.5047;-0.4078 <2e-16 Residue 0.8323 0.9123
Number of children -0.0223 0.0105 -0.0429; -0.0017 0.0339
Weight at birth 0.0006 2.778 e-05 5.4 e-04;6.5e-04 <2e-16
Income? 0.0001 2.844 e-05 6.5e-05; 1.8 e-04 2.31e-05
Gestational age (weeks) 0.0173 0.0080 0.0016; 0.0331 0.0312
Hemoglobin® 0.2288 0.0121 0.2306; 0.2775 0.0000
Maternal age (years) 0.0081 0.0030 0.0022; 0.0140 0.0072
Residence location 0.0075 0.0261 -0.0436; 0.0586 0.7736
Maternal schooling (years) -0.0016 0.0046 -0.0105;0.0074 0.7312
Breastfeeding 0.0041 0.0022 -0.0001;0.0084 0.0579
HHgM¢ 0.0006 0.0015 -2.3662;0.0037 0.6656
Fish consumption per week -0.0107 0.0064 -0.0232; 0.0017  0.0921
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Fixed effect B SE Cl 95% p-value RANdOM \oance  SD Model
effect adjustment
W/A
Intercept -2.939 0.0982 -3.131; -2.746 <2e-16 Intercept 0.2744 0.5238 S-lfnlﬁgﬁ’;y -6983.1
Age -0.0021 0.0006  -0.0033; -0.0010 0.0002 /tﬂr\]geeccr)]f”d 0.1103  0.3321 AICP 13986.2
Male gender -0.4076 0.0236  -0.4538;-0.3613 <2e-16 Residue 0.5776  0.7600
Weight at birth 0.0008 2.560e-05 7.8e-04;89e-04 <2e-16
Income? 8.149 e-05 2.710 e-05 2.8 e-05; 1.3 e-04 0.0027
Maternal age 0.0048 0.0020 0.0009; 0.0087 0.0147
Hemoglobin® 0.2442 0.0183 0.2880; 0.3584 0.0000
Maternal age (years) 0.0078 0.0077 -0.0073; 0.0229  0.3122
Residence location -0.0298 0.0246 -0.0780; 0.0185  0.2272
Maternal schooling (years)  0.0054 0.0044 -0.0031; 0.0141 0.2137
Breastfeeding 0.0032 0.0020 -0.0008; 0.0072  0.1227
Number of children -0.0182 0.0100 -0.0379; 0.0146  0.0697
Gestational age (weeks) 0.0078 0.0077 -0.0073; 0.0229  0.3122
HHgM¢ 0.0006 0.0015 -0.0023; 0.0036  0.6824
Fish consumption per week -0.0043 0.0063 -0.0167; 0.0081 0.4958
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Fixed effect B SE Cl 95% p-value RANdOM \oance  SD Model
effect adjustment
W/H
Intercept -1.050 0.0689 -1.185; -0.915 <2 e-16 Intercept <0.000 <0.000 Sﬁnlﬁgﬁ;y -8474.0
Age 0.0162 0.0006 0.0150; 0.0174 <2 e-16 tk?(??:h?rd <0.000  <0.000 AIC 16970.0
Male gender -0.0743 0.0304  -0.1339;-0.0147 0.0145 Residue 1.264 1.124
Urban area -0.0743 0.0319  -0.1368; -0.0118 0.0198
Breastfeeding 0.0053 0.0027 7.1 e-05;0.0105 0.0470
Maternal age (years) 0.0062 0.0025 0.0012; 0.0112 0.0151
Maternal Schooling (years) 0.0181 0.0051 0.0081; 0.0281 0.0004
Hemoglobin® 0.2955 0.0220 0.3159; 0.3984 0.0000
Income? <0.0000 <0.0000 -5.31e-06;0.0001 0.0681
Number of children -0.0188 0.0130 -0.0445; 0.0063  0.1403
Gestational age (weeks) -0.0058 0.0101 -0.0255; 0.0140  0.5669
Weight at birth <0.0000 <0.0000 -2.81e-05;0.0001 0.2661
HHgM¢ -0.0014 0.0015 -0.0044; 0.0017  0.3765
Fish consumption per week  0.0151 0.0099 -0.0043; 0.0345 0.1280

@ Local currency (Real); ® AIC, Akaike information criterion; ¢ Multiple analyses of the linear mixed-effect models at 24 and 60 months; ¢ HHgM,

mercury levels in the hair of mothers; SD, standard deviation; SE, standard error; 95% CI, 95% confidence interval.
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Based on hemoglobin concentrations, 618 (45%) children were considered
anemic: 380 (27.7%) had mild anemia and 238 (17.3%) had moderate anemia; there
were no cases of severe anemia. In general, the mean hemoglobin concentration
was 11 g/dL. However, higher hemoglobin levels and maternal age significantly
affected the increase in the 3 anthropometric indices. All children in the study
presented substantial increases in HHg levels over time (Friedman’s x? = 2270.3; p
<0.0001) (Fig. 2).
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Fig. 2: Hg levels in the hair samples of children over time. (Friedman’s y2 = 2270.3;
p <0.0001)

A higher number of children was associated with low H/A rates (B = -0.0223, p
= 0.03). Children born after a full-term pregnancy were taller (B = 0.0173, p = 0.03).
The increase in W/H was positively influenced breastfeeding time (8 = 0.0053, p
<0.05). The H/A index decreased with increasing age (p <0.0000). Boys presented
with lower height (B = --0.4563, p <0.0001) and weight gain (B =-0.4076 p <0.0001)
than girls. Children living in urban areas had lower W/H indices (3 = -0.0743, p <0.05)
than no-urban areas (Table 2).

Compared to the WHO reference curves, we observed that the H/A and W/A
indices for most children, regardless of sexs, remained between greater than the 3rd
percentile and no more than the 97th percentile (Figs. 3 and 4). Over time, the
increase in W/A measurements were higher than the increases in H/A. Girls
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presented higher H/A and W/A indices than boys in relation to the reference median
(Figs. 3 and 4). At 24 and 59 months, the H/A curves for both sexes presented a

decrease in relation to the birth median (Fig. 4).
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Fig. 3: Weight according to age adjusted by the cubic spline function for both

female (upper) and male (lower) sex
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Fig. 4: Height according to age adjusted by the cubic spline function for both

female (upper) and male (lower) sex.

Discussion

This study is unique in addressing HHg as a marker of habitual freshwater-fish
consumption and exposure to MeHg (a major fish contaminant); therefore, it
examined both the nutritional impact of dietary fish intake and the potential harm of
MeHg on the development of children in the first 5 years of life. Our main finding was
that the marker HHg was significantly associated with dietary fish intake, but as an
indicator of Hg exposure, had no direct influence on the W/A, H/A, or W/H indices of
the study children. Even children living under relatively unfavorable conditions
presented anthropometric indices within acceptable limits, as defined by the WHO
growth curves.

In traditional Amazonian living, the limited purchasing power associated with

regional sociocultural characteristics make fish a more accessible protein source than
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beef and chicken (Dérea and Marques, 2016). Our results also clearly showed that
maternal HHg concentration is related to fish consumption, especially in non-urban
areas (Fig. 1). High maternal fish consumption influences total Hg levels in newborns
and breastfeeding infants (Vieira et al., 2013), which explains the observed increase
in these children’s HHg levels over time (Fig. 2).

Other associated maternal factors, such as the mother's age, showed a
positive association with child growth; increasing maternal age was related to higher
anthropometric indices (H/A, W/A, and W/H). It is worth noting the high frequency of
teenage pregnancy (34%) in this study; this pregnancy rate was higher than that
observed in the State of Ronddnia (20.1%) and Brazil as a whole (17.7%) (Brazilian
Institute of Geography and Statistics, 2013). We also found an inverse relationship
between parity and height in children. In a study of the Western Amazon, Ramalho et
al. (2013) found that the risk of a child younger than 5-years-old developing low
stature for their age increased by 35% with each new pregnancy.

The results addressing the effect of fish-based maternal diet on birth weight of
these children were reported in an independent publication and showed no effect of
maternal fish-Hg consumption (Marques et al., 2013). Nevertheless, birth weight was
a positive predictor of stature (H/A) and weight (W/A) gain. Indeed, this observation
of linear growth among Amazonian children has been previously reported (Lourenco
et al., 2012).

The implications of family Hg exposure resulting from fish consumption on
young children’s anthropometric indices can be contradictory. While some authors
reported negative (Ou L et al., 2015) and positive (Benefice et al., 2008) influence of
Hg on childhood anthropometric indices, others have not inferred such a relationship
in their reports (Marques et al., 2008; Choi et al., 2017; Gao et al., 2018). Still, others
indicated that Hg has no influence on Z-scores of height and weight indices in
children <6-years-old; however, an increase in Hg concentrations was associated
with a higher body mass index (BMI) (Victora et al., 2011). In Amazonian populations
with high fish intake, children’s anthropometric indices (H/A, W/A, and W/H) are
influenced more by variables associated with socioeconomic and maternal-infant
factors, rather than with fish-Hg exposure.

For low-income families, living in urban areas in the Amazon does not favor a

better anthropometric outcome than rural living; children from urban areas had a
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lower W/H gain. Our findings also indicated a positive influence associated with
higher family income on the H/A and W/A indices. This confirms previous findings
that associated unfavorable socioeconomic and environmental conditions with a high
prevalence of anthropometric deficits in Amazonian children (Cunha et al., 2017,
Lourencgo et al., 2012; Victora et al., 2011; Huicho et al., 2017; Benicio et al., 2013).
However, years of maternal schooling had a positive effect on W/H gain. These
findings are consistent with those of other studies conducted in the Amazon
(Ramalho et al., 2013) and elsewhere (Black et al., 2013; Mantovani et al., 2016).

Breastfeeding was a positive factor that contributed to an increase in the W/H
index. In fact, breastfeeding practices of Amazonians were a positive factor that
contributed to infant anthropometric indices (Piperata et al., 2007; Marques et al.,
2015). Indeed, the highest prevalence of anthropometric deficits occurred during the
weaning period (Benefice et al., 2008). Besides nutritional factors, growth of a child
also depends on the living conditions in which the child is exposed. Indeed, the lack
of infrastructure (roads, health services, clean water, and sanitation), low family
income, poor diet, endemic diseases (Dérea and Marques, 2016; Victora et al.,
2011), exposure to environmental contaminants, and forest fires are additional health
issues in the northern region of Brazil that affect child development (Cunha et al.,
2017).

Indeed, poverty in the Amazon has been associated with growth delay in
children (Cunha et al., 2017; Lourenco et al., 2012; Victora et al., 2011; Benicio et al.,
2013) and is aggravated in indigenous children (Horta et al., 2013; Diaz et al., 2015).
The risk of malnutrition increases in response to the transition from breastfeeding to
often inadequate feeding. In addition, there is also an increased risk of disease due
to greater interactions with unfavorable environments (Black et al., 2013; Piperata et
al., 2011; Joseph et al., 2014). Dérea et al. (2005) considered diseases, such as
malaria, and precarious health services may be problems of greater magnitude for
indigenous people in the Amazon than the consumption of fish contaminated with
mercury.

In this study, the increase in age of the children was associated with a
slowdown in the H/A index. In general, growth velocity after birth is expected to
remain elevated by the second year of life and then continue at a slower, but steady

rate. However, researchers suggest that Amazonian children could have a different
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growth potential from other regions around the world; therefore, the use of specific
references based on local populations would be more appropriate than those
established by the WHO (Blackwell et al., 2017; Urlacher et al., 2016).

The increasing age of the children was accompanied by an increase in the
W/H ratio. Although the prevalence of overweight has been low, the increase in W/H
with age deserves attention in the Amazon region. It has been reported that living far
from urban centers in the northern region of Brazil increases the risk of being
overweight (Ministério da Saude, 2009). In addition, studies in remote areas of the
Western Amazon showed that the impact of economic development increased the
prevalence of overweight children (Ramalho et al.,, 2013; Cobayashi et al., 2014).
Although additional studies are needed, it is likely that children of certain Amazonian
populations will have a greater increase in weight than in height as they age
(Urlacher et al., 2016).

Furthermore, the growth of Amazonian children is marked by nutritional
inadequacy. As children grow older there is a greater demand for nutrients. The
standard diet of the Amazonian population is based mainly on fish and cassava flour
(which has a low energy density). Therefore, it is possible that complementary
feeding may be insufficient to meet the micronutrient needs of growing children
(Dufour et al., 2016). This could partially explain the high frequency of anemia (45%),
especially at 59 months (mean 10.8 g/dL), in our study population. In general, the
mean hemoglobin concentration in this study was similar to the global average (11
g/dL), but lower than the average for Latin America (Argentina, Brazil, Chile,
Paraguay, Uruguay; 11.9 g/dL) and Central America, Andean, and the Caribbean
regions (11.6 g/dL) (Stevens et al., 2013). However, there was a positive influence
associated with higher hemoglobin levels and the H/A, WA, and W/H indices.

It is worth noting that we also observed sex differences; girls did better than
boys in all measured indices. This is consistent with other studies from middle-
income countries with sample sizes larger than ours (Black et al., 2013; Zilanawala et
al., 2015), as well as in Brazil (Benicio et al., 2013). This sex-related advantage
seems to start during the fetal life (Misra et al., 2009).

Considering that our study was designed to evaluate environmental issues
related to Hg exposure and children development, there are limitations pertaining to

the lack of information regarding diet and nutrition of mothers and infants. We do not



93

have complete information on maternal diet, as well as other pertinent environmental
information related to lifestyle. Due to logistical difficulties, it was not possible to
perform random sampling, but for the chosen areas, we could enroll most of the
families. However, the strength of this study lies in the monitoring of individuals over
time in an area where field logistics are considerably more difficult to obtain and
where most research involving children is conducted using cross-sectional studies. In
addition, our results are not limited to the impressions of individuals, but they reflect
the true habit of fish consumption in mothers and the additional exposure to MeHg
through fish. Another strength of this study is its longitudinal design and the use of
HHg as a biomarker for both fish consumption and MeHg exposure among mothers
and children. Monitoring of individuals over time, in areas where field logistics are
difficult and where most researches on children are cross-sectional studies (Cunha et
al, 2017), is essential to establish the role of dietary fish for Amazonians. Therefore,
our results on Hg exposure and fish consumption are reliable. HHg is recognized as
a true marker of habitual fish consumption.

Summing up, maternal fish consumption (estimated as HHg at the end of
pregnancy and during lactation) had no direct influence on the W/A, H/A, or W/H
indices of Amazonian children. Due to concerns about the early exposure of children
to Hg through maternal fish consumption, international agencies have recommended
restricting its consumption to 3 servings per week (FDA, 2014). Evidence from
cohorts in Europe and the US reinforces the notion that high fish consumption (>3
times/week) during pregnancy offers no additional benefits but is associated with an
increased risk of rapid growth in childhood and childhood obesity (Stratakis et al.,
2016). We must consider that dietary fish intake opposes the possible risks of Hg
exposure for Amazonian populations. In such unfavorable socioeconomic and
environmental conditions, habitual fish consumption contributes to a balanced diet
and contains a high biological protein value for pregnant women and children (Dérea
and Marques, 2016)
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Conclusions

High consumption of freshwater fish by pregnant mothers did not affect the
anthropometric indices of children followed-up from birth until 5 years of age. Our
findings suggest the occurrence of some protective conditions that, although absent
in the majority of families in the Amazon, impact children’s growth in vulnerable
geographical areas. In the face of socio-economic limitations, which affect families
residing in this region, in addition to accompanying food insecurity, it is
counterintuitive to encourage the substitution of fish for foods that they are not
accustomed to consuming.

However, with mercury exposure in mind and considering that Brazil is one of
the signatory countries of the Minamata Convention, we recommend controlling the
consumption of selected species of fish by pregnant women and children during early
development.
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5 CONSIDERAGOES FINAIS

A regidao Amazobnica possui um vasto territério e apresenta diferencas em
relagcdo ao ambiente, economia, habitos e estilo de vida quando comparadada as
demais regides brasileiras. Este estudo foi realizado em uma regido da Amazodnia
que ha muitos anos vivencia um cenario de mudangas socioecondmicas.
Considerando que o crescimento infantil pode ser determinado por multiplos fatores,
observou-se que condigdes inadequadas no ambiente social e econbmico produzem
privagado das necessidades basicas de vida, contribuindo, portanto, para uma dieta
pouco variavel, condigdes de saude precarias que influenciam negativamente os
indices antropométricos infantis nesta regiao.

Apesar da dieta materna ser um fator que pode influenciar o crescimento
infantil, dada a realidade geografica e sociocultural da populagdo estudada,
postulou-se que o ambiente desfavoravel e a pouca diversificagao das dietas infantis
podem mitigar o risco de exposigdo ao mercurio (devido a alta ingestdo materna de
peixe) na determinagdo do crescimento de criangas amazénicas.

Além disso, consideramos que as evidéncias existentes a respeito do conflito
nutricional/toxicolégico sobre ingestao de peixe durante a gravidez sao insuficientes,
sendo necessarias novas recomendacgdes que sejam equilibradas com as evidéncias
epidemioldgicas do risco /beneficio do consumo das variadas espécies de peixe,
como por exemplo, as predatérias de diferentes localidades geograficas e de grupos
suscetiveis.

Embora as criangas vivessem em meio a condi¢cdes de vida desfavoraveis, a
meédia dos indices antropomeétricos observados nas curvas de crescimento, mesmo
que inferiores aos padrdes internacionais, mostrou-se dentro do intervalo de
normalidade, o que nos leva a supor que caso fossem comparados a populacdes
semelhantes poderiam apresentar melhor desempenho.

Por fim, destaca-se que a influéncia dos fatores sociambientais sobre os
indices antropométricos abordados neste estudo, provavelmente, explica alguns,

mas nao todos, aspectos do crescimento de criangas amazdnicas.
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ANEXOS

TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO

Estou sendo orientado (a) quanto ao estudo “Exposi¢cdo a metais pesados em
mulheres e criangas residentes na area de influéncia do Rio Jamari, Rondénia,
Amazoénia” cujos dados serdao colhidos em mulheres e criangas residentes nos
municipios de Porto Velho, Ariquemes e Itapua do Oeste, em Rondénia. Este estudo
tem por objetivo estudar a exposi¢cdo a metais pesados nas mulheres e criangas da
comunidade. E importante que se estude o bindmio mae-filho, para sabermos se a
contaminagdo € passada de mae para filho e continuada por alimentos
contaminados. Esta contaminagao pode levar a problemas de saude em criangas e
adultos. O estudo sera feito com perguntas de importancia para o estudo da
contaminagdo e analise dos seguintes materiais: cortes de pedagos de cabelo da
mae e crianga, amostra leite materno, de sangue materno e do cordao umbilical. A
pesquisa sera realizada sem riscos para os participantes, uma vez que o exame
clinico ndo machuca, o cabelo cresce de novo e sera utilizado material descartavel
para coleta de sangue e do leite materno. Os materiais acima citados serao
estudados na busca da quantidade de chumbo, cromo e mercurio no corpo. Os
pesquisadores comprometem-se a utilizar os materiais e dados coletados
exclusivamente para os fins previstos no protocolo e a publicar os resultados, sejam

eles favoraveis ou nao.

Prof. Dra. Rejane Corréa Marques
Centro de Toxicologia e Saude Ambiental
Universidade Federal de Rondénia
Endereco: Br 364, km 9,5, Campus UNIR.
Porto Velho/RO - CEP 78912-190
TEL: +55 69 2182 2166/2168
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Estou ciente de que nao sou obrigado (a) a participar ou deixar nenhum
familiar participar, e que posso desistir a qualquer momento da pesquisa. Concordo
com o que foi dito, permitindo que meu filho (a) e eu participemos da pesquisa. E

estou recebendo cépia deste papel assinado por mim e pela pesquisadora.

Nome da mée e/ou responsavel pela criancga:

, de de 20 )
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UNIVERSIDADE FEDERAL DE RONDONIA - UNIR
UNIVERSIDADE DE BRASILIA — UnB
UNIVERSIDADE FEDERAL DO RIO DE JANEIRO - UFRJ

Projeto: Exposi¢cao a metais pesados em mulheres e criangas residentes

na area de influéncia do Rio Jamari, Rondénia, Amazoénia

Ficha n.°

IDENTIFICACAO

Nome:

Data I/

Data de nascimento: _ / /
Cor:

Branca( ) Parda( )
Lugar de nascimento:

Idade:  Sexo:( ) Masc

( )Fem

Negra ( )

Endereco Atual:

Nome da mae:

Profissao:

Nome do Pai:

Profissao:

FONE: Informante:

SAUDE
Histoéria Vacinal:

Apresentou carteira: ( )sim

(' )ndo, nunca foi vacinado

Vacinas Datas/lotes

BCG

Anti-poliomielite

DPT +Hib

Anti-Hepatite B

Anti-Sarampo

Anti-Amarilica

Triplice Viral

Rotavirus

Anti-Rubéola

Dt

1T
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Antimeningococica

Antipneumocécica

Anti-Rabica

Outras

Teve alguma reagdo ndo esperada apés receber alguma vacina? () sim ( )néo

Se sim, qual (s)? ( ) febre () choro incontrolavel ( )convulsédo () abcesso/enduracao (

)alergias ( )encefalopatia ( )outras:

Usou algum tipo de remédio: ( )sim ( )ndo) Qual:

DOENCAS

() parasitoses intestinais ( )catapora ( )dengue ( )hepatite () malaria ()Pneumonia outras:

HISTORIA ALIMENTAR
Tempo de amamentacao (meses): N.° de refei¢des/dia:

Alimentos mais frequentes:

Come Peixe: ( )nao ( )sim

Tipo de peixe:

frequéncia do consumo de peixe: Quantidade/dia:
EDUCAGAO

Nivel de instrugao do pai: anos Nivel de instrucdo da mae: anos

Renda Familiar:

A crianga freqlenta creche ou escola: ( )sim ( )ndo

Qual o meio de informagao que dispde:

Irmaos: numero total: .......ccoevvveennn. Sexo e idade em ordem decrescente:

Idade Sexo
Saude dos irméos: ( )boa  ( ycom problemas
Quais:

CONDIGOES DE MORADIA DA FAMILIA:
Casa: ( )propria ( )alugada ( )de parentes ( )madeira ( )alvenaria
( )enchimento ( )em terreno alagado

Presenca de insetos e roedores:( )nao  ( )sim, qual:
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Quantos moram na casa: _____

Entra luz em todos os cédmodos: ( )sim ( )ndo

Destino das fezes: ( )fossaseca ( )enterrado ( )céu aberto( )rio

() fossa negra

Abastecimento de agua: ( )rio ( )encanada ( )Poco ( )torneira publica

( )outra:

EXAME FiSICO:

Peso: Altura: PC:
Idade que comecgou a andar:

Idade que comecou a falar:

Outros achados:

DESENVOLVIMENTO NEUROPSICOMOTOR:

Idade Cronolégica:

Idade
CONDUTA %
(meses)
MOTORA
ADAPTATIVA
compreensiva
LINGUAGEM

expressiva

PESSOAL-SOCIAL

Quociente de Desenvolvimento (QD) =

Impressao diagnéstica:

Avaliador:
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Questionario Para Mulheres e Recém-Nascidos

UNIVERSIDADE FEDERAL DE RONDONIA - UNIR
UNIVERSIDADE DE BRASILIA — UnB

UNIVERSIDADE FEDERAL DO RIO DE JANEIRO - UFRJ

MAE

1N [0] 3 L= TSP UUTOPUPRRPPIOt
Data de nascimento: ....../ .... /.......Idade: ...... Lugar de nascimento: .......c.ccccevvveeeeeen.
Cor: Branca( ) Parda( ) Negra () india ( )

[ To =T =T ot o T N (1 = | S
FONE: ....ccccceeenne INfOrMANE: ...
Pré-natal: sim () nao () Inicio:.................. LOCAl: e
Inicio dos movimentos fetais: ..........ccccceeeiiiinnnee.

Intercorréncias/Terap@utiCa: ...........ooooii i
Trabalho durante a gestacdo: ( ) ndo ( )sim QUAL eeeiiiiii
Tipo de parto: ( ) normal ( )férceps () cesarea: Indicagao:.........ccceeeeeieinnrnnnnnnes

Data da Ultima Menstruag3o: ...... [ovoiid e Idade gestacional (IG): ............ semanas

RECEM-NASCIDO

Sexo: () feminino () masculino

Condigdes do RN ao nascer: indice de Apgar 1° minuto ........ 5° minuto........
Peso: ............ g Estatura: ....... cm  PC: ... cm  PT........ cm

Maturidade: ( )atermo ( ) prematuro ( ) pds-maduro

Classificagao quanto ao peso: ( )AIG ( ) PIG ( ) GIG

Internagdo no bergario: () ndo () sim:quantosdias: .........ccceeeeeiiii
INtercorréncias NO DEIGANIO: .......coii i e
Malformagdo: ( )NA0 ( )SIM  QUAL ..eceeieeeeee e

(O] o1 T=T e Todo 1TSS PP

Condicdes de alta do RN: ( )com amde ( )do bercario para o ambulatério ( )TFD

ANTECEDENTES FAMILIARES MATERNOS
Tipagem sanguinea: ( )O () A ()B ()AB Fator Rh: ( )Positivo ( )Negativo
Pais consanguineos: ( )sim ( )ndo

Tipo de parto: normais cesarianas complicagdes: ......ccccceeeeeeeennnen.
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( ) Natimortos ( )Prematuro ( )malformados

Tipo de malformagdes: ...............cccoeeeeeeeeeennn.

ANTECEDENTES PATOLOGICOS MATERNOS:
() malaria ( )hepatite ( )leishmaniose ( )chagas ( )amebiase ( )esquistossomose (

)sifilis ( )toxoplasmose ( )rubéola ( )citomegalovirus ( )HIV ( )caxumba () tuberculose (

Lol E=1 o= (TR O U = 1

GRAU DE INSTRUGAO (anos) .......

Trabalhou em garimpo: ndo () sim( ), de........ a....

Renda mensal familiar: RS................c...........

Quanto tempo mora no endereco atual: ..............

Quantas refeigbes faz por dia: .............. Come peixe: ( ) néo ( )sim,
quantidade................ /dia

Qual tip0: v Procedéncia do peiXe: ..........euevvveveeeeeireeeneeeeeeennnen.

Usa carvéo para cozinhar: () ndo ( )sim frequéncia: .............

Fogéao interno () sim ( )ndo

Contato com substincias praguicidas ou semelhantes: ( ) ndao ( )sim

QuaiS:....eeeeiiiee

Uso de drogas narcoticas: () ndo ()sim tipo de droga.................

Tempo de uso: ........

Utiliza algum tipo de xampu para lavar os cabelos: ( ) néo ( )sim,
MAICA: . ..eeeieieeeieee e

Tinge os cabelos: () ndo () sim, periodicidade: ..........ooocviiiveieeeeeieniineee.

Consome alcool: ndo () sim( ) Frequéncia: ........... Quantidade/dia: ................

Tipo de bebida........uciiiieeieeeece s

Viagens ao exterior: () N80 ()SIM : PAIS.....eveeeerriiiiiiiiiiieeeeees periodo:.........covvvuennen

ANTECEDENTES DO PAI:

Saude: () normal  ()com problemas  qQUAIS ........ccceeeeeeeie e

Grau de instrugéo: ............ anos Trabalhou em garimpo () ndo ( )sim periodo....................

Quantas refeicbes faz ao dia: ............ Come peixe: () ndo ( )sim quantidade
p/dia:............... QU EIPO: e

Procedéncia do peixe: ........cccccceeeeenne

Usa medicamentos: ( ) NA0  ( )SIM TIPO: cooiiuiiiiiiiiie e

Ha quanto tempo usa: .........ccoecciiiiieiei i,



DOSE AIAria: ..oeeeeeeeeeee e

Alcoolismo: ( )nao ( )sim

Tipo de bebida: .., Frequéncia: ..............

Quantidade/dia: ......cooue e

Tempo de Uso: ..............

IRMAOS DO RECEM-NASCIDO:

Numerototal: .......ccvvennennt. Sexo e idade em ordem decrescente:
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Saude dos irmaos: ( ) boa  ( )com problemas, QUAaIS:........cceeveeeiiiiiieis e

CONDIGCOES DE MORADIA DA FAMILIA:
Situacao: () propria ()alugada ( )de parentes ( ) cedida
Quantos moram na casa: ................

Tipo: () madeira ( )alvenaria ( )enchimento ( )em terreno alagado

Entra luz em todos os cémodos: ( )sim ( )nao

Destino das fezes: ( )fossa seca ( )enterrado ( )céu aberto ( )rio ( )fossa negra

YN YZ= 1= o [o) o T
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Fundacdo Universidade Federal de Rondénia - UNIR
Comité de Etica em Pesquisa do Niicleo de Saiide -
CEP/NUSAU

Porto Velho, 13 de setembro de 2005
Carta 00 /CEP/NUSAU

Do: Coordenador do Comité de Etica em Pesquisa
Para: Rejane Correa Marques
Assunto: parecer ético (informa)

Senhora Pesquisadora,

Informo-lhe que o projeto de pesquisa “Efeitos sobre a saide decorrentes da
exposi¢io ao estanho em mulheres e criangas da regifio do garimpo do Bom Futuro”, de
sua autoria, foi aprovado em reunifio do Comité de Etica realizada no dia 02 de

setembro de 2005. Por conseqiiéncia, a pesquisa pode ser imediatamente iniciada.

Outrossim, comunico-lhe ainda que este Comité deve ser informado do
andamento da investigagiio, bem como deve receber cépia do relatério final, quando de

sua conclusio.

Cordialmente,

.-/-', .-..-' -‘.- v

s

Prof. Dr. Ari Miguel Teixeira Ott
Coordenador

110



111

2

Fundacéo Universidade Federal de Ronddnia — UNIR
Comité de Etica em Pesquisa do Nicleo de Saide - CEP/NUSAU

Porto Velho, 12 de fevereiro de 2006
Carta 001-07 /CEP/NUSAU

Do: Coordenador do Comité de Etica em Pesquisa
Para: Rejane Corréa Marques
Assunto: alteragdes em projeto (informa)

Senhora Pesquisadora,

Ao cumprimentd-la, e em atengdo ao expediente e Exposicio de Motivos
encaminhado a este Comité em 09 de fevereiro de 2007, informo-lhe que:

1. Estamos de acordo com a mudanca do titulo do projeto de pesquisa.
Originalmente aprovado com a denominagio de “Efeitos sobre a saide
humana decorrente da exposigdo de ao estanho em mulheres ¢ criangas
da regido do garimpo Bom Futuro, Rondbnia, Brasil”, ele agora estd
registrado com o titulo de “Avaliagio de risco para a saide das
populages expostas a alteragbes ambientais na bacia do Rio Jamari —
RO™;

2. Estamos também de acordo que, sendo mantidos os objetivos
inicialmente propostos, o material a ser coletado e os procedimentos
metodolégicos, seja ampliada a drea do estudo e aumentado o niimero de
sujeitos da pesquisa, incluindo habitantes da Bacia do Rio Jamari.

3. Outrossim, comunico-lhe ainda que este Comité deve ser informado do
andamento da investigagdo, bem como deve receber copia do relatério

final, quando de sua conclusiio.

Dr. Ari Miguel Teixeira Ott
Coordenador



Fundacao Universidade !ﬁ!

Federal de Ronddnia - UNIR

Comité de Etica em Pesquisa do Nucleo de Salde — CEP/NUSAU

Porto Velho, 14 de julho de 2008

Carta 012/CEP/NUSAU

Da: Coordenadora do Comité de Etica em Pesquisa
Para: Rejane Correa Marques

Assunto: parecer ético (informa)

FR: 197449

Senhora Pesquisadora,

Informo-lhe que o projeto de pesquisa de sua autoria “Transtornos
neurodesenvolvimentais em criancas, mercirio em vacinas e aleitamento materno:
fatores de proteciio e incertezas” foi aprovado em reunido do Comité de Etica
realizada em 11/07/2008. Por conseqiiéncia, a pesquisa pode ser imediatamente
iniciada.

Qutrossim, esclarego ainda que este Comité deve ser informado do andamento

da investigacdo, bem como receber cdpia do relatdrio final, quando de sua conclusio.

Atenciosamente,

Prof.}“ Ms. Lucinda Maria Dutrg/ de S. Moreira
'/ CoordenfalofaiRist¥afitrd8 HaRira
~omié de Etica em Pesquisa NUSAUIUNIR

Coord. Pert. J08/GRI2007
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