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RESUMO

A obesidade infantii € considerada um problema de saude publica,
principalmente em paises desenvolvidos e em desenvolvimento. O aumento do
consumo de alimentos ricos em gordura e agucares, associado a redugdo da
atividade fisica, causam um desbalango energético que leva ao acumulo excessivo
de gordura e, consequentemente, a obesidade. Esses alimentos ricos em gordura e
carboidratos sao altamente palataveis, e estimulam uma fome hedbnica, ou seja,
uma fome relacionada ao prazer de comer, € ndo relacionada as necessidades
caloricas. Os sistemas dopaminérgico e serotoninérgico estdo diretamente
relacionados ao prazer, apetite e motivagao para comer. Entretanto, os individuos
podem apresentar diferente niveis de sensacédo de recompensa, através da ingestao
alimentar, o que pode conferir diferencas no padrdo da ingesta. Portanto, a
variabilidade genética dos sistemas dopaminérgico e serotoninérgico, pode estar
relacionada as diferentes respostas frente aos alimentos entre individuos expostos
aos mesmos fatores ambientais. O objetivo do estudo € investigar a associagao de
variantes nos sistemas dopaminérgico e serotoninérgico com parametros de
adiposidade e padréo de ingestédo alimentar em criangas. O presente estudo € uma
coorte prospectiva de 427 criangas que participaram de um estudo randomizado
iniciado ao nascimento, na cidade de Porto Alegre. O estado nutricional das
criangas, mensurado por dados antropométricos e dietéticos, foi coletado aos 12
meses e aos 2-3 anos de idade. O DNA (Acido Desoxirribonucleico) extraido de
células da mucosa bucal foi analisado para os seguintes polimorfismos através de
PCR (Reacdo em Cadeia da Polimerase) em tempo real, utilizando sondas de
hidrolise (Sistema TaqgMan®©): rs4680 (COMT); rs1800497 (DRD2); rs1048953
(SLC6A3); rs2071877, rs2312054 e rs12391221 (SLC6A14); e rs3813928 (HTR2C).
O polimorfismo 5-HTTLPR (SLC6A4) foi analisado por PCR convencional seguido de
eletroforese em gel de agarose. O gendtipo A1/A1 do gene DRDZ2/ANKK1 foi
associado com maior espessura de dobras cutaneas subescapular em Z-score aos
12 meses (p=0,022) e em 2-3 anos (p=0,020) e maior IMC Z-score em 2-3 anos
(p=0,009), quando comparados aos portadores do alelo A2. Aos 12 meses, as
meninas homozigotas G/G do polimorfismo rs3813928 (5-HTR2C) apresentaram

maior ingesta diaria média de energia (p=0,007), de carboidratos (p=0,019), e de



lipidios (p=0,005); e maior espessura da dobra cutanea tricipital em Z-score
(p=0,034) do que portadores do alelo A. Portanto, pressupde-se que criangas
homozigotas para o alelo A1 (DRD2/ANKK1) e meninas homozigotas G/G (5-
HTR2C), apresentam menor densidade de receptores de dopamina e de serotonina,
respectivamente, o que estimula a ingesta de alimentos palataveis para prolongar a
sensacao de recompensa. Os demais polimorfismos ndo foram associados com
padrées de ingestao alimentar e parametros de adiposidade na amostra estudada.
No entanto, o acompanhamento desse estudo continua, e pode elucidar a

contribuicdo genética para a obesidade ao longo dos anos.

Palavras-chave: Obesidade. Criangas. Dopamina. Serotonina. Polimorfismo.



ABSTRACT

Childhood obesity is considered a public health problem, especially in
developed and developing countries. The increased consumption of high fat and high
sugar foods, combined with reduced physical activity, cause an energy imbalance
that leads to excessive fat accumulation and therefore leading to obesity. These high
fat and high sugar foods are highly palatable and stimulate an hedonic hunger, that
is, a hunger related to the pleasure of eating, and not related to caloric needs. The
dopaminergic and serotonergic systems are directly related to pleasure, appetite and
motivation to eat. However, individuals may have different levels of reward, which
can grant different patterns of food intake. Therefore, the genetic variability of the
dopaminergic and serotonergic systems may be related to different responses to
food among individuals exposed to the same environmental factors. The objective of
the study is to investigate the association of variants in dopaminergic and
serotonergic systems with adiposity parameters and patterns of food intake in
children. This study is a prospective cohort of 427 children who participated in a
randomized study initiated at birth, in the city of Porto Alegre. The nutritional status of
children, measured by anthropometric and dietary data was collected at 12 months
and at 2-3 years of age. DNA (deoxyribonucleic acid) extracted from oral mucosa
cells was analyzed for the following polymorphisms by PCR (Polymerase Chain
Reaction) in real time using hydrolysis probes (TagMan© System): rs4680 (COMT);
rs1800497 (DRD?2); rs1048953 (SLC6A3); rs2071877, rs2312054 and rs12391221
(SLC6A14); and rs3813928 (HTR2C). The 5-HTTLPR polymorphism (SLC6A4) was
analyzed by conventional PCR followed by agarose gel electrophoresis. The A1/A1
genotype of DRD2/ANKK1 gene was associated with increased subscapular skinfold
thickness Z-score at 12 months (p=0.022) and 2-3 years (p=0.020) and BMI Z-score
at 2-3 years (p=0.009) when compared to carriers of the allele A2. At 12 months,
homozygous G/G girls of the rs3813928 polymorphism (5-HTR2C) presented higher
average daily energy (p=0.007), carbohydrates (p=0.019) and lipid (p=.005) intake;
and higher triciptal skinfold thickness Z-score (p=0.034) than carriers of the A allele.
Therefore, it is presuppose that children homozygous for the A1 allele
(DRD2/ANKK1) and girls homozygous G/G (5-HTR2C) have lower density of

dopamine and serotonin receptors, respectively, which stimulates the intake of



palatable food to prolong the feeling of reward. Other polymorphisms were not
associated with food intake patterns and adiposity parameters in the sample.
However, the follow-up of this study continues, and may elucidate the genetic

contribution to obesity over the years.

Keywords: Obesity. Children. Dopamine. Serotonin. Polymorphism.
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1 INTRODUGAO

1.1 OBESIDADE INFANTIL

A obesidade é definida pela Organizagcdo Mundial da Saude (OMS), como o
acumulo excessivo ou anormal de gordura que confere riscos a saude. A prevaléncia
global de sobrepeso (incluindo obesidade) em pré-escolares (<5 anos) aumentou de
4,2% em 1990 para 6,7% em 2010 (1). Estima-se que até 2020 essa prevaléncia
atinja a marca de 9,1%, ou aproximadamente 60 milhdes de criangas (1). Paises
desenvolvidos e em desenvolvimento tiveram um padrdo similar no aumento da
prevaléncia de obesidade em pré-escolares (1). Apesar da prevaléncia de criangas
obesas em paises desenvolvidos (11,7%) ser o dobro do que em paises em
desenvolvimento (6,1%), € nesse ultimo em que o aumento relativo nos ultimos anos
foi maior (65% nos paises em desenvolvimento, contra 48% nos paises
desenvolvidos) (1). Os paises com maior indice de obesos, de 1980 a 2008 sao
China e Estados Unidos, seguidos por Brasil e México (2). A prevaléncia estimada
de obesidade infantil no Brasil é de 21,1% em meninas e 23,1% em meninos (2). As
principais consequéncias da obesidade sdo doengas cardiovasculares, resisténcia a
insulina e sindrome metabdlica, diabetes mellitus tipo dois, marcadores de
inflamacado elevados, desordens musculoesqueléticas, além de desordens
psicolégicas associadas (3). Criangas obesas s&o mais provaveis de se tornarem
adultos obesos e possuem maior risco de desenvolvimento de doengas coronarias e

demais doencgas associadas, que diminuem a expectativa de vida (4-6).

Os fatores determinantes da obesidade infantil sdo, principalmente: nutricao
inadequada, com elevado consumo calérico; atividade fisica reduzida; urbanizacéo e
residéncia em cidades metropolitanas; fatores socioculturais, como a falta de
conhecimento dos pais sobre nutricdo; idade e sexo; programas de refeigdes

escolares; e causas enddcrinas e/ou genéticas (3, 7, 8).
1.1.1 Obesidade x Ingest&do alimentar

A disponibilidade de alimentos altamente palataveis e cal6ricos somados a
baixos niveis de atividade fisica causam um desbalango energético, diretamente

associado a epidemia de obesidade (9, 10). Esses ambientes obesogénicos acabam



influenciando na escolha de alimentos pouco nutritivos e encorajando o consumo
além do necessario e, assim, tornam a populagdo cada vez mais obesa (9-11). O
neuromarketing em criangas € muito rentavel para as empresas e, considerando os
niveis de exposicdo de criangas a aparelhos eletrbnicos além das técnicas
persuasivas utilizadas, levam as criangas a um consumo exagerado e desnecessario
de alimentos com alto teor de agucar e gordura (10). Insinuagdes que evocam
memorias e imagens de alimentos ao longo do dia estimulam uma fome hedénica

mesmo quando ja ha a sensagéo de saciedade (10).

Apo6s uma dieta composta apenas de leite materno, criangas, como onivoras,
precisam ingerir uma variedade de alimentos. Essa transicdo de dieta deve ocorrer
ao fim do primeiro ano de vida, entretanto, os novos alimentos nem sempre sao
prontamente aceitos, uma vez que na fase pré-escolar, a crianga prefere geralmente
alimentos mais palataveis, com alta concentracdo de carboidratos, gorduras,
agucares e sal (12). Ao proporcionar a crianga algumas comidas e sabores e nao
outros, a mesma adquire preferéncias, principalmente devido a trés fatores: a
percepgao sensorial proporcionada pelo alimento, a consequéncia pos-ingestao e o
contexto social (12, 13). Essas preferéncias podem ser saudaveis ou ndo, o que
pode levar a obesidade. Algumas consequéncias fisiolégicas podem influenciar
também na dieta. Se ao provar um alimento novo, seguem-se sensagdes positivas,
como saciedade, uma preferéncia pelo mesmo se forma (14). As preferéncias
alimentares sdo, por isso, muito particulares, e podem ser diferentes até mesmo
entre membros da mesma familia (15). Em um determinado ambiente, dois
individuos podem apresentar comportamentos e estados psicologicos diferentes

frente a estimulos como, por exemplo, o alimento (9).

Estudos com animais mostram que a estimulacdo de areas especificas do
cérebro (relacionadas a dopamina) pode induzir uma ingestdo compulsiva, bem
como a sensagao de recompensa (16, 17). Outro estudo em que ratos possuiam
livre acesso a uma dieta constituida de alimentos palataveis com elevado indice de
gordura levou a um comportamento semelhante ao de viciados em drogas de abuso,
além de redugédo na concentragcédo de receptores de dopamina estriatais (18). Essa
reducdo no nivel de receptores estimula o consumo compulsivo para igualar os

niveis iniciais de dopamina (18). Em humanos, a concentracdo de receptores de
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dopamina D2 em individuos obesos e em dependentes de cocaina apresenta um
padrdao muito semelhante (10, 19). A exposi¢cao excessiva a drogas de abuso diminui
a concentracao desses receptores no cérebro e, com isso, 0 consumo torna-se mais
frequente (10, 19). Da mesma forma, o consumo constante de alimentos ricos em
agucar e gorduras pode causar dependéncia, semelhante a dependéncia de drogas
de abuso (10, 19).

Ingesta excessiva e aumento de peso em animais também foram observados
quando ha diminuicdo nos niveis de serotonina no cérebro e deficiéncia no
transportador de serotonina (5-HTT) (20-23). Agonistas da serotonina ou inibidores
da recaptacdo de serotonina diminuem a ingestdo de alimentos, aumentando a
perda de peso (20, 24). Estudos em humanos demonstram que altera¢gdes na
neurotransmissao serotoninérgica estdo associadas a desordens na ingesta (20, 25,
26). A inibicdo da expressao do transportador de serotonina através de metilagdo da
regidao promotora também foi relacionada com peso e indice de massa corporal

elevados em um estudo com gémeos monozigéticos (20).

A sensagao de recompensa, no entanto, € maior em alguns individuos do que
em outros, por isso ha diferenga na ingestdo alimentar (27). Por conseguinte, a
variabilidade genética dos sistemas dopaminérgico e serotoninérgico, pode estar
relacionada as diferentes respostas entre individuos expostos aos mesmos fatores

ambientais.

1.2 SISTEMA DOPAMINERGICO

Responsavel por diversas fungdes fisioldgicas (como atividade locomotora,
cognigdo, emogao, recompensa, sono e alimentagdo), a dopamina € a principal
catecolamina no cérebro de mamiferos. A sintese de dopamina se inicia com a
conversdo de tirosina a dopa (etapa limitante da velocidade) e descarboxilagdo a
dopamina. Apds sua liberacdo nos terminais nervosos, esse neurotransmissor €
amplamente recaptado por um transportador especifico da dopamina (DAT) e
metabolizada pelas enzimas monoaminooxidase (MAQ) e catecol-O-metiltransferase
(COMT). Sua agao ocorre apos ligagdo a seus receptores presentes nas células-
alvo, os ativadores (classe D1) ou os inibidores (classe D2) da adenilciclase (28, 29).
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Os receptores da classe D1 (subtipos D1 e D5) aumentam o monofosfato ciclico de
adenosina (AMPc) intracelular quando ativados, enquanto que os receptores da
classe D2 (subtipos D2, D3 e D4) o inibem (28).

1.2.1 Catecol-O-metiltransferase (COMT)

Distribuida em todos os 6rgéos, a principal fungcdo da enzima COMT é
degradar catecolaminas, como a epinefrina, norepinefrina e dopamina,
essencialmente no coértex pré-frontal (30, 31). O gene COMT esta localizado no do
cromossomo 22911 e codifica duas proteinas: COMT soluvel, encontrada em tecidos
periféricos; e COMT ligada a membrana, expressa predominantemente no sistema
nervoso central (32, 33). Variantes genéticas modificam a atividade dessa enzima e,
dessa forma, podem alterar alguns processos neurocomportamentais relacionados
com a dopamina (34). Uma dessas variantes € o polimorfismo de sequéncia unica
(SNP, Single Nucleotide Polimorphysm) Val158Met (rs4680) no quarto éxon, no qual
ocorre uma troca dos aminoacidos valina (Val, alelo G) para metionina (Met, alelo A)
na posigao 158 da proteina, alterando sua termoestabilidade (35). Individuos Val/Val
apresentam maior atividade da enzima, se comparados com individuos Met/Met, e
os heterozigotos apresentam atividade enzimatica intermediaria (35). Portanto,
individuos Met/Met possuem niveis elevados de dopamina no cortex pré-frontal,
enquanto os portadores de Val apresentam niveis menores desse neurotransmissor.
Por esse motivo, o polimorfismo Val158Met é candidato nos estudos de desordens
associadas a dopamina, como esquizofrenia, doenca de Parkinson e até mesmo
obesidade (36).

Estudos nutrigenéticos relacionaram o gendtipo Val/Val do polimorfismo
Val158Met com elevado indice de massa corporal (IMC), maior circunferéncia da
cintura (37, 38). Um estudo prévio do presente grupo demonstrou que criangas
portadoras do alelo Val ingeriam em média maior quantidade de alimentos ricos em
lipidios do que as homozigotas Met/Met (39).
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1.2.2 Receptores de dopamina D2 (DRD2)

Os receptores de dopamina pertencem a familia de receptores acoplados a
proteina-G. Quando a dopamina extracelular liga-se a seus receptores, uma
resposta celular € desencadeada, ou seja, pode-se aumentar ou diminuir os niveis
de AMPc intracelular. A agdo do DRD2 quando ativado pela dopamina é inibitoria
(40, 41). Esse receptor € um dos mais abundantes do sistema nervoso central, e
essencial na coordenacao motora, atividade locomotora, motivagcdo ou aversao e

recompensa (41, 42).

O gene DRD2/ANKK1 possui 0 SNP TaqlA (rs1800497), localizado a 10kb do
gene DRD2, no éxon 8 de um gene adjacente, denominado ANKK1 (ankyrin repeat
and kinase domain containing 1) (43). Esse polimorfismo apresenta dois alelos, o
alelo A1 (T) e o alelo A2 (C). Estudos indicam que o alelo A1 é responsavel pela
diminuicdo de 30 a 40% na densidade de receptores D2 (principalmente nas partes
ventrais dos nucleos caudado e putdmen), aumentando a ingesta de alimentos
palataveis (43-47). A ingestao repetitiva de alimentos doces e gordurosos resulta em
uma regulacdo negativa dos receptores pods-sinapticos D2, diminuindo sua
sensibilidade (44). Um estudo de imagens através de PET-scans (positron emission
tomography) mostra que individuos obesos apresentam baixa concentragdo de
receptores de dopamina D2 estriatais, como um mecanismo de regulagdo negativa
devido a elevados niveis de dopamina, indicando que a reducao destes receptores
estaria associada a um comportamento de dependéncia, também observado em
usuarios de drogas ilicitas (48). Estudos associaram o polimorfismo TaqglA com
obesidade, IMC elevados e aumento da ingesta, além de desordens psiquiatricas,

como a esquizofrenia (49-55).

1.2.3 Transportador de Dopamina (DAT)

O transportador de dopamina € uma proteina localizada na membrana
plasmatica do neurdnio pré-sinaptico, e sua funcdo é transportar ativamente a
dopamina livre na fenda sinaptica para o citoplasma. Pertencente a familia de
transportadores SLC6 (SLC6A3), dependentes de Na* e CI, e regula os niveis de
dopamina e influencia a ingestao alimentar (56-59).
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O gene SLC6AS3 esta localizado no cromossomo 5p15.3 e contem 15 éxons e
14 introns (60, 61). Estudos com animais demonstram que ratos obesos apresentam
diminuicdo na densidade de DAT na superficie celular dos neurdnios estriatais ou na
expressao génica (62-66). Diversos polimorfismos foram descritos nesse gene, entre
eles 0 rs1048953 localizado no intron 3, caracterizado por uma troca de bases C>T
(60). Em um estudo de nosso laboratério, pode-se observar que criangas (3-4 anos
de idade) homozigotas para o alelo T possuiam ingestdo média diaria de energia
maior do que portadores do alelo C (homozigotos e heterozigotos). Além disso,
medidas antropométricas elevadas também foram associadas com esse

polimorfismo (67).

1.3 SISTEMA SEROTONINERGICO

A serotonina, ou 5-hidroxitriptamina (5-HT) €& um neurotransmissor
pertencente ao grupo das aminas biogénicas, envolvido em vias relacionadas ao
humor, comportamento, sono, fadiga, percepc¢ao da dor, termoregulagado e apetite
(68). A 5-HT é sintetizada a partir da descarboxilagdo do triptofano, um aminoacido
aromatico essencial obtido principalmente a partir da dieta (68). A sintese de
serotonina depende da disponibilidade do triptofano e a atividade da enzima
triptofano hidroxilase, que converte o triptofano em 5-hidroxitriptofano (5-HTP) e, em
seguida, descarboxilado a 5-HT (68, 69). O triptofano, aminoacido obtido através da
dieta, é transportado para o citosol por um carreador de solutos (transportador)
pertencente a familia 6 (SLC6A14) (70). Também pertencente a essa familia
(SLC6A4), o transportador de serotonina (5-HTT), um cotransportador dependente
de Na'/ClI', controla os niveis de serotonina na fenda sinaptica através da recaptacéo
desse neurotransmissor (69, 70). Estdo localizados principalmente na membrana
pré-sinaptica, e sua disfungcdo tem sido associada a obesidade, a depressédo e a
transtornos de ansiedade, e, por esse motivo, sdo alvos de drogas inibidoras da

recaptagao da serotonina, como a fluoxetina (29, 69).
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1.3.1 Transportador de aminoacidos

O gene SLC6A14 codifica uma proteina de membrana que transporta
aminoacidos neutros e catibnicos através da membrana plasmatica (71). O
triptofano, aminoacido essencial obtido através da dieta, compete com outros
aminoacidos neutros para ser transportado pela barreira hematoencefalica,
regulando, dessa forma, a sintese de serotonina (71-73). Encontrado no
cromossomo Xq24, o SLC6A14 possui os polimorfismos: 20649C>T (rs2071877) no
intron 12; 303A/T (rs2312054) no intron 1; e 507C/A (rs12391221), no intron 5, entre
outros 494 descritos no banco de dados dbSNP do National Center for

Biotechnology Information em 18 de dezembro de 2015.

Estudos com populagdo de origem europeia relacionaram os polimorfismos
22510C/G e 303A/T com obesidade (74-76). Entretanto, ao nosso conhecimento,
nao ha estudos relacionando o polimorfismo 507C/A com indices antropométricos e
ingestao alimentar. Dados obtidos por nosso grupo indicam que n&o ha associagao
entre os gendtipos dos polimorfismos rs2312054 e rs12391221 e o consumo de
alimentos de criancas de um ano e 3-4 anos de idade. Entretanto, aos 7-8 anos de
idade, as medidas de consumo foram maiores nos portadores do alelo A, tanto no
polimorfismo rs2312054 (p=0,035) quanto no rs12391221 (p=0,017) (77).

1.3.2 Transportador de serotonina (5-HTT)

O 5-HTT é um importante regulador da fungdo da serotonina (36). Através da
recaptagdo de 5-HT, esse transportador dependente de sédio regula os niveis
extracelulares dessa catecolamina, inativando assim a transmissao serotoninérgica
(36, 78).

O gene SLC6A4 esta localizado no cromossomo 17911.2 e possui um
polimorfismo do tipo VNTR na regido promotora, denominado 5-HTTLPR. Esse
polimorfismo possui um alelo longo, com uma insergéo de 44-pb, e um alelo curto,
com uma delegédo de 44-pb (79). Individuos com a versao curta desse polimorfismo
possuem uma transcricdo pouco eficiente do gene, o que reduz a recaptagédo de
serotonina, e por isso tem sido relacionado com depressao, ansiedade, diabetes e

obesidade (36, 79-81). Uma pesquisa prévia de nosso grupo buscou associagao
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entre o polimorfismo 5-HTTLPR e a ingestao alimentar em criangas nas idades de
um ano, 3-4 anos e 7-8 anos (82). Os dados indicam que ha associagdo entre o
alelo curto e o indice de massa corporal nas 3 idades analisadas (p=0,031, p=0,017,
p=0,007, respectivamente) (82). Esse alelo também foi associado com aumento do
consumo alimentar aos 3-4 anos (p=0,033) e com elevada soma das dobras

cutaneas aos 3-4 e 7-8 anos (p=0,021 e p=0,035, respectivamente) (82).

1.3.3 Receptor de serotonina (5-HTR2C)

O receptor de serotonina (5-HTR2C) € um membro da superfamilia de
receptores com sete dominios, que sinaliza para o meio intracelular do neurdnio pos-
sinaptico através da proteina G quando estimulado por hormoénios,
neurotransmissores ou ligantes farmacologicos (83, 84). Localizado principalmente
no sistema nervoso central (plexo coridide, cortex pré-frontal e estruturas limbicas),
esta relacionado com comportamento alimentar, e sua auséncia em camundongos
knockout leva a um aumento excessivo de peso em comparagdo com os controles
(83, 85).

O gene 5-HTR2C esta localizado no cromossomo Xg24, e apresenta em sua
regidao flanqueadora o polimorfismo -997G>A (rs3813928) (86, 87). Polimorfismos na
regido promotora (responsavel pela regulacéo da expressédo do gene) podem altera-
la, influenciando a densidade desses receptores (88). Alguns estudos buscaram
associagao entre esse polimorfismo e obesidade (87, 89, 90). Analises do nosso
grupo de pesquisa relacionaram esse polimorfismo com consumo alimentar elevado
em criangas aos 3-4 anos (p=0,007), mas ndo em um ano e 7-8 anos de idade.
Medidas antropométricas observadas aos 7-8 anos foram elevadas: indice de massa
corporal (p=0,007), soma das dobras cuténeas (p=0,042) e circunferéncia da cintura
(p=0,004) (77).
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2 JUSTIFICATIVA

A prevaléncia global de sobrepeso e obesidade infantil (<5 anos) aumentou
de 4,2% em 1990 para 6,7% em 2010 e estima-se que até 2020 essa prevaléncia
atinja aproximadamente 60 milhées de criangas (9,1%) (1). No Brasil, a prevaléncia
estimada de obesidade infantil € de 21,1% em meninas e 23,1% em meninos,
semelhante ao observado em paises desenvolvidos (2). O Obesity Gene Map, uma
revisdo detalhada de genética e obesidade, indica que muitos novos estudos sobre a
influéncia de diversas variantes sobre a obesidade em criangcas. No entanto, os
escassos estudos realizados na populagédo brasileira restringem-se a adultos (91).
Os resultados dessa investigacdo permitirdo esclarecer a associagao dos
componentes genéticos a obesidade e/ou comportamentos alimentares,
possibilitando, dessa forma, a fundamentacdo e elaboracdo de propostas de
intervengado mais eficazes nos primeiros anos de vida. A elucidagdo das causas
genéticas dessa patologia permitira, no futuro, ndo somente a identificagédo a priori
dos individuos mais susceptiveis ao seu desenvolvimento, mas também o
direcionamento de tratamentos especificos para cada individuo. Pois, embora a
obesidade seja tratada como uma doenga unica e o manejo dos pacientes seja
praticamente o mesmo, os mecanismos fisiolégicos que causam ganho de peso nas

pessoas podem ser diferentes.

O ponto mais forte do presente estudo foi a possibilidade de comparar os
achados de associagdo de variantes genéticas em uma amostra independente,
representativa da mesma populagao ja estudada, oito anos apds o inicio da primeira
coorte.

3 OBJETIVOS
3.1 OBJETIVO GERAL

Investigar a associacdo de variantes em genes relacionados ao sistema
dopaminérgico (COMT - rs4680; DRD2/ANKK1 - rs1800497; e SLC6A3 - rs1048953)
e serotoninérgico (SLC6A4 - 5-HTTLPR; SLC6A14 - rs2071877, rs2312054 e
rs12391221; e HTR2C - rs3813928) com ingestdo alimentar e parametros de
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adiposidade em uma coorte de criangas da cidade de Porto Alegre, acompanhadas

do nascimento até os 2-3 anos de idade.

3.2 OBJETIVOS ESPECIFICOS

- Analisar a frequéncia dos polimorfismos acima descritos nos genes COMT,
DRD2/ANKK1, SLC6A3, SLC6A4, SLC6A14 e 5-HTR2C em uma coorte de criangas

de 2-3 anos de idade acompanhada desde o nascimento.

- Investigar a associagdo dessas variantes com parametros de adiposidade (indice

de massa corporal, circunferéncia da cintura e dobras cutaneas) em criangas.

- Investigar a associagao dessas variantes com ingestao alimentar (consumo total de

calorias, consumo de lipideos, agucares e de alimentos com altamente energéticos).
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ABSTRACT

Dopaminergic and serotoninergic systems have been associated with food
intake and associated disorders such as obesity. We aim to investigate associations of
variants in genes related to dopaminergic and serotoninergic systems with food intake
and adiposity parameters in a cohort of 427 children followed from birth until 2-3 years
of age. Dietary data and nutritional status were collected at 12 months and 2-3 years
old. The polymorphisms rs4680 (COMT), rs1800497 (DRDZ2/ANKK1), rs1048953
(SLC6A3), rs3813928 (HTR2C), rs2071877, rs2312054 and rs12391221 (SLC6A14)
were analyzed using polymerase chain reaction based techniques. The A1/A1
genotype of DRD2/ANKK1 gene was associated with higher subscapular skinfold
thickness Z-score at 12 months (p=0.022) and at 2-3 years (p=0.020) and higher BMI
Z-score at 2-3 years (p=0.009) than A2 allele carriers. At 12 months, girls homozygous
G/G of the rs3813928 polymorphism (5-HTR2C) had higher average daily energy
(p=0.007), carbohydrate (p=0.019), and lipid (p=0.005) intake; and higher ftriciptal
skinfold thickness (p=0.034) than A allele carriers. Conclusion: The polymorphism
rs1800497 (DRD2/ANKK1) was associated with adiposity parameters and in girls the
polymorphism rs3813928 was associated with food intake and adiposity parameters.
The follow-up of this study continues and may elucidate the genetic contribution to

obesity throughout the years.

Keywords: obesity, children, dopamine, serotonin, polymorphism.
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What is Known:
Polymorphisms in COMT, DRD2/ANKK1, SLC6A14 and 5-HTR2C genes have
been associated with anthropometric measurements and food intake in adults

and children.

What is New:
The data of current study suggest that variants in DRD2 and 5-HTR2C genes are
associated with adiposity parameters and food intake in children at early

developmental phase.
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List of Abbreviations

5-HT,c — 5-hydroxytriptamine (serotonin) receptor 2C G protein-coupled
5-HTTLPR — Serotonin transporter linked polymorphic region

BMI — Body mass index

BRATSA | — Ten steps in action randomized trial

COMT — Cathecol-O-methyltransferase gene

DNA - Deoxyribonucleic acid

DRD2/ANKK1 — Dopamine receptor D2 and Ankyrin repeat and kinase domain
containing 1 genes

EDF — Energy dense foods

HTR2C — 5-hydroxytriptamine (serotonin) receptor 2C G protein-coupled gene
LDF — Lipid dense foods

MZF — Myeloid zinc finger protein

PCR - Polymerase chain reaction

SDF — Sugar dense foods

SLC6A14 — Solute carrier family 6 (amino acid transporter) member 14 gene
SLC6A3 — Solute carrier family 6 (neurotransmitter transporter) member 3 gene

SP1 — Specificity protein 1
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INTRODUCTION

The overall prevalence of overweight (including obesity) in preschool children
(<5 years) increased from 4.2% in 1990 to 6.7% in 2010 (1). It is estimated that by
2020 the prevalence reaches the mark of 9.1%, or approximately 60 million children
(1). Several factors determine childhood obesity, such as inadequate nutrition, few
physical activity, socio-cultural factors, and endocrine and/or genetic causes (3, 7, 8).
Therefore, the genetic variability may explain the individual predisposition, and could
relate them to an early development of obesity.

Animal studies have shown that stimulation of specific brain areas (related to
dopamine) may lead to a binge eating, and the feeling of reward (16, 17). In humans,
changes in serotonergic neurotransmission have been associated with disorders of
food intake (20, 25, 26). These neurotransmitters are related to the feeling of reward
after ingestion, however, in some individuals this feeling is greater than in others, which
could explain the difference in food intake between individuals exposed to the same
environmental factors (27). The identification of candidate genes related to the
dopaminergic and serotonergic systems may facilitate the understanding of
heterogeneity in obesity development. Few human studies have associated
polymorphisms in COMT (37, 38), DRD2/ANKK1 (48, 52, 54, 55), SLC6A14 (74, 75)
and 5-HTR2C (79, 80) genes with anthropometric measurements, and food intake
,indicating a possible relationship of these genotypes with obesity. Nevertheless, to our
knowledge, few studies investigate the association of variations in genes of
dopaminergic and serotoninergic systems with nutritional status and food intake in a
cohort of children in early developmental phase. Therefore, we aim to investigate if
these association of variants in genes related to dopaminergic (COMT - rs4680;
DRD2/ANKK1 - rs1800497, and SLC6A3 - rs1048953) and serotoninergic (SLC6A4 -

5-HTTLPR; SLC6A14 - rs2071877, rs2312054, rs12391221; and HTR2C - rs3813928)
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systems with food intake and nutritional status in a cohort of children in the city of Porto

Alegre, followed from birth until 2-3 years of age.

MATHERIALS AND METHODS

Subjects

This is a prospective cohort study of 427 children who participate in a
randomized ftrial, initiated at birth. Twenty district health units in the city of Porto Alegre
were randomized into two groups: an intervention group and a control group composed
of 9 and 11 health units, respectively. Health professionals in the intervention group
received a training based on the guidelines of the program "The ten steps to healthy
diet for Brazilian children under two years of age" and printed educational material for
reference and distribution. The units in the control group received no information on
child’s complementary feeding (92).

Recruitment of pregnant women in the last trimester gestation started in 2008
by interviewers blinded to the randomization. In the years 2009-2010, the children’s
first year of life, dietary and anthropometric assessments were measured. When the
children were 2-3 years of old, their nutritional status and DNA samples were collected.

During the visit, mothers were invited to participate in this study to investigate
the association of genetic variants with food intake and childhood obesity. After
clarifying the objectives of the study, they signed an informed consent for the use of
their children’s DNA, and samples of the children’s oral mucosa squamous cells were
collected for DNA extraction. The study was approved by the Research Ethics
Committee of the Federal University of Health Sciences, Porto Alegre, Brazil, protocol
number 817/11, and have therefore been performed in accordance with the ethical

standards laid down in the 1964 Declaration of Helsinki and its later amendments.
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Nutritional status and Dietary Data

The data collection regarding children's anthropometric and dietary variables
was accomplished during home visits in two different development phases: at 1 year
and 2-3 years of age. The nutritional status was assessed by means of anthropometric
measurements (weight, height, waist circumference, triciptal and sub-scapular skinfold
thickness). The BMI variation percent of each child was computed by the formula:
[(BMI, — BMI,)/BMI,]x100 (a = BMI final and b = BMI initial). Dietary data was obtained
by two 24 hours dietary recall survey. The dietary recalls were collected for each child
on two randomly selected days, and the data obtain was entered into the NutWin,
version 1.5 (Nutrition Support Program software from the Escola Paulista de Medicina,
Federal University of Sdo Paulo), based on United States Department of Agriculture
chemical composition tables. Sugar-dense foods (SDF) were considered those
consisting of 50% or more of sugar in food composition, and lipid-dense foods (LDF) if
they contained more than 30% fat in food composition. The energy-dense foods (EDF)

intake consists of the sum of SDF and LDF intake.

Molecular Analysis

Genomic DNA was extracted of buccal mucosa cells by in-house proteinase K
digestion. The SLC6A4 (5-HTTLPR) was genotyped using polymerase chain reaction
(PCR). PCR products were genotyped after electrophoresis on 2.5% agarose gels
stained with ethidium bromide by comparison with a 100bp DNA ladder. Single
nucleotide polymorphisms (SNPs) were analyzed on Applied Biosystems©
StepOnePlus Real-Time PCR System using allelic discrimination (TagMan®©)

methodology. SNPs evaluated and the assays used are respectively: COMT gene,
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rs4680 (assay C_25746809 50); DRD2/ANKK1 gene, rs1800497 (assay
C_7486676_10); SLC6A3 gene, rs1048953 (assay C_8769965 10); SLC6A14 gene,
rs2071877 (assay C_2474484_10), rs2312054 (assay C_15979351_10) and
rs12391221 (assay C_25747165 _10); and HTR2C gene, rs3813928 (assay

C_32343284_10).

Statistical Analysis

Statistical analyzes were performed using the Statistical Package for Social
Sciences Version 20.0 (SPSS®, Chicago, IL, USA). The chi-square (x?) test was used
to verify if the distribution of the genotype frequencies observed agreed with those
expected under Hardy-Weinberg equilibrium. General Linear Model, using the type llI
sums of squares, performed the comparisons of food intake and anthropometric
parameters among the genotype groups. Intervention group of the randomized trial Ten
Steps in Action (BRATSA 1), sex, per capita income and ethnicity were included in each
model as covariates for food intake. For anthropometric parameters transformed in Z-
score, the same covariates were included in models, except sex already considered on
Z-score transformation. The comparisons among SDF, LDF and EDF intake and
genotypes were performed by Mann-Whitney U or Kruskal-Wallis. Variants in genes

located on the X chromosome were analyzed in girls and boys separately.

RESULTS

Four hundred and twenty-seven children composed this prospective cohort
association analysis of food intake and nutritional status with genotype at 12 months
and 2-3 years. Some samples could not be analyzed in the laboratory, and so there

were losses throughout the study. The sample consisted in 218 (51.1 %) boys and 209
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(48.9 %) girls, and the average ages at the two evaluations were 12.03 + 0.78 and
38.18 £ 2.36 months (mean = SD), respectively. The main features of the sample are
described in Table 1. Minor allele frequencies of the gene variants were: COMT rs4680
0.43 (A/Met); DRD2/ANKK1 rs1800497 0.25 (T); SLC6A3 rs1048953 0.25 (A); SLC6A4
5-HTTLPR 0.5 (S); SLC6A14 rs2071877 0.29 (T), rs2312054 0.19 (T) and rs12391221
0.28 (C); and HTR2C rs3813928 0.10 (A). The genotype frequencies for all
polymorphisms studied in this sample were in agreement with those expected under
the Hardy-Weinberg equilibrium, except for the SLC6A14 rs2071877, discarded for the

association analysis.

DRD2/ANKK1 gene

When a recessive model was considered and the sample was grouped for the
presence of the A2 allele, or A2 carriers, as follows: A1/A1 (n=30) versus A1/A2 +
A2/A2 (n=385). The A1/A1 genotype (rs1800497) was associated with higher
subscapular skinfold thickness Z-score at 12 months (p=0.022) and at 2-3 years
(p=0.020) and higher BMI Z-score at 2-3 years (p=0.009) than A2 allele carriers (Table

2).

5-HTR2C gene

Girls heterozygous for the polymorphism rs3813928 and homozygous A/A were
grouped into carriers of the A allele, thus forming a recessive model (Table 3). At 12
months of age, girls homozygous G/G had higher average daily energy (p=0.007),
carbohydrate (p=0.019) and lipid (p=0.005) intake, and higher triciptal skinfold
thickness (p=0.034) than girls A allele carriers. No association with food intake or

anthropometric data was detected in boys (data not shown).
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No differences were observed regarding other anthropometric measurements or
food intake when compared among genotypes of COMT rs4680, SLC6A3 rs1048953,

SLC6A4 5-HTTLPR and SLC6A14 rs2312054, rs12391221 (data not shown).

DISCUSSION

Peripheral signals such as hormones, peptides and nutrients (sugars and lipids)
regulate eating behavior mainly through the dopamine reward pathway in the
hypothalamus and other autonomic and limbic regions (93). This complex signaling
system allows food to be consumed when necessary, preventing the organism to suffer
from starvation or over-feed (93). However, excessive and repetitive consumption of
palatable foods may, in some individuals (both animal and human), inhibit satiety
signals, leading to a binge eating beyond caloric need (10, 18, 19, 93). Despite the
importance of the dopaminergic and serotoninergic systems in energy consumption,
few studies have investigated the association of polymorphisms in genes related to
those systems with food intake and the nutritional status, especially in children.

The A1 allele of the rs1800497 (DRD2/ANKK1) polymorphism have been
related with reduced D2 receptor expression in all areas of the striatum (47). This
reduced expression may induce a higher food intake in order to extend the sensation of
reward (47). In our study, children homozygous for the A1 allele had higher
subscapular skinfold thickness Z-score at 12 months and at 2-3 years and higher BMI
Z-score at 2-3 years than A2 allele carriers. The same allele of this polymorphism was
associated with lower or no effect of the intervention in weight loss (p=0.002) in a one-
year intervention study in the lifestyle of German children (12 years) (94). Duran-
Gonzalez et al. (95) describe the A1 allele as a risk allele for central obesity in
Mexican-American adolescents (16 years). Another study which analyzed the loss and

weight maintenance in young adults (21-40 years) found association of the A1 allele



243

244

245

246

247

248

249

250

251

252

253

254

255

256

257

258

259

260

261

262

263

264

265

266

267

268

269

36

with higher BMI and less weight and BMI loss through the study. These individuals had
greater difficulty in maintaining the weight loss and tendency to regain weight (52).
However, Van Strien et al. (96) did not observe association of the DRD2/ANKK1 gene
with eating disorders such as emotional eating in adolescents. Davis et al (17)
described association of the A2/A2 genotype with binge eating disorder in adults.

Serotonin receptor has been studied as a target for anti-obesity drugs, both in
animals and in humans (97-102). 5-HTR,c knockout mice have increased food intake
and excessive weight gain (83, 85, 103). The G allele (rs3813928) was associated with
reduction in 5-HTR,¢ expression, indicating that this allele might change the binding of
transcription factors of the MZF (myeloid zinc finger) and SP1 (specificity protein 1) in
the promoter region of the gene (104). In our sample, girls homozygous G/G had
higher energy intake and triceps skinfold thickness. Therefore, is possible that lowered
expression of 5-HT,¢c receptors may induce an increased ingestion of foods in order to
increase food reward sensation. In opposite, Miranda et al (2015) observed an
association of G/G homozygous of rs3813928 polymorphism with lower food intake
than A allele carriers at 3-4 years of age (105). However, the same children
homozygous G/G had higher BMI Z-score, sum of triceps and subscapular skinfolds
and waist circumference at the 7-8 years of age (105).

The other polymorphisms studied by us in the present research did not indicate
any association with anthropometric parameters and food intake. The lack of
association in this sample does not necessarily preclude its relation to childhood
obesity and food intake. In a similar but smaller sample, evaluated by our research
group, there are some interesting findings that could not be replicated in the present
sample. Fontana et al (2015) (106) observed that children with the T/T genotype of the
polymorphism rs1048953 in the SLC6A3 gene had a higher average daily energy
intake at 3 to 4 years and a higher waist-to-height ratio at 7 to 8 years when compared

to children with a different genotype. The COMT rs4680 polymorphism was also
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associated with food intake, as children with the Val allele had a higher intake of LDF
foods (39). Miranda et al (2015) (105) observed associations of the A allele carriers of
both rs2312054 and rs12391221 polymorphisms (SLC6A14 gene), with higher food
intake at 7 to 8 years. When the 5-HTTLPR (SLC6A4) polymorphism was analyzed,
children with the S/S genotype presented a higher daily average energy intake at 1
year of age, higher BMI Z-score at 1, 3 to 4 and 7 to 8 years of age and higher sum of
skinfolds at 3 to 4 and 7 to 8 years of age (82). Epigenetics could be an explanation for
the lack of association of some polymorphisms and adiposity parameters and food
intake observed in this sample, and already detected in previous samples of our
research group. Obesity has a complex inheritance pattern and so, not only the genetic
inheritance, but also the environment these children are inserted should be considered.
Some variants have little contribution to the obesity’s complex phenotype, and so may
be overlapped by environmental factors. Despite the similar minor allele frequencies
between both samples studied by us, their environments may have different
mechanisms that can alter genetic expression. We hypothesize that the associations
detected in previous studies of our group could not be replicated in present
investigation duo to environmental differences. It is possible that the environment of the
present sample is more obesogenic and so may favor obesity despite the children’s
genotype.

Our study has some limitations. First, the sample was derived from another
study, which aimed to evaluate the impact of an intervention in primary health care in
the nutritional status of preschool children, but association statistical analysis were
controlled by this intervention. Second, many losses occurred during the study, despite
the care of researchers to maintain contact with the subjects of the study. Third, the
children who participated in the study may have not chosen their food on their own.
Parents have a great influence on their children’s choices, and if the options are not

healthy, it is more likely that they become obese, despite their genotype. Finally, the
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lack of association of the analyzed polymorphisms with obesity parameters may be due
to an overlap of the environmental influence in this population, which was not
quantified. Nevertheless, despite these limitations, the relatively large sample and the
monitoring of children allows the results obtained to be reliable. In addition, the follow-
up of this sample may give further information on the influence of these and other
polymorphisms in parameters related to obesity and overweight in children. More
studies in different populations are needed to identify the genetic factors that influence

in weight gain.
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Table 1 Main characteristics of the studied sample.
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Characteristics Boys Girls P
Controls ® 48.6 (106) 47.4 (99) 0.795°
Ethnicity ®
Whites 59 (128) 60.3 (126)
Blacks 19.4 (42) 15.8 (33) 0.595°
Asian, Pardos and 21.6 (47) 23.9 (50)
Amerindians
Per capita income (R$)" 313.06 £ 255.55 306.66 + 249.28 0.796¢
Height at birth (cm)® 49.31+ 243 48.61 + 2.53 0.004°
Weight at birth (g)° 3301.12 + 500.69 3270.07 + 535.52 0.540¢
Age at 12 months 12.14 £ 0.83 11.91 £ 0.71 0.003¢
(months)®
Child’s BMI at 12 months 0.985 + 1.024 1.023 + 1.066 0.717¢
(Z score)®
Average energy intake 1077.95 + 474.22 961.87 + 440.15 0.013¢
daily at 12 months
(kcal)®
Tricipital skinfold 0.765 £ 1.260 0.887 £ 1.239 0.353¢
thickness at 12 months
(Z-score)®
Subscapular skinfold 0.680 £ 1.359 0.832 1+ 1.439 0.284¢
thickness at 12 months
(Z-score)®
Energy dense food 29.06 + 55.32 32.79 £ 84.49 0.607°

intake at 12 months

(kcal)®
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Age at 2-3 years
(months)®

Child’s BMI at 2-3 years
(Z-score)®

Waist circumference at
2-3 years (cm)®
Average energy intake
daily at 2-3 years (kcal)®
Tricipital skinfold
thickness at 2-3 years
(Z-score)®
Subscapular skinfold
thickness at 2-3 years
(Z-score)®

Average daily energy
intake per kilogram
(kcal/kg)®

Energy dense food
intake at 2-3 years

(kcal)®

38.19 + 2.37

0.910 + 1.540

52.04 + 4.08

1553.64 + 449.20

0.440 £ 1.327

-0.050 + 1.567

99.61 £+ 33.80

170.84 + 200.20

38.16 + 2.35

0.929 + 1.258

52.07 + 4.64

1463.46 + 426.64

0.663 £ 1.152

0.452 + 1.387

96.19 + 30.20

159.31 £ 170.74

0.912¢

0.890¢

0.935¢

0.037¢

0.069°

0.001¢

0.281¢

0.531¢

Data presented as % (n). "Data presented as mean # standard deviation. “Pearson’s

chi-square test with yates continuity correction. “Student’s T test
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CONCLUSAO

A obesidade é usualmente tratada como uma patologia unica e 0 manejo dos
pacientes acaba sendo muito semelhante. No entanto, fica cada vez mais
evidenciado que esta € uma doenga complexa e heterogénea, com particularidades
inclusive em pessoas dentro da mesma familia. Estudos de associagao permitem
identificar melhor essas individualidades de modo que se possa selecionar, a partir
do gendtipo do paciente, medidas mais eficientes de tratamento. Além disso,
identificar quais fatores genéticos influenciam na obesidade infantii pode ser
determinante para o diagnédstico, possibilitando intervengdes ainda nos primeiros
anos de vida. Variantes em genes diretamente relacionados aos sistemas
dopaminérgico e serotoninérgico, de um ponto de vista fisioldgico, poderiam explicar
as variagdes interindividuais nos comportamentos alimentares e obesidade. O
polimorfismo rs1800497 do gene DRDZ2 foi associado com parametros de
adiposidade e, em meninas, o rs3813928 do gene HTR2C foi associado com ingesta
alimentar e parametros de adiposidade. Os demais polimorfismos n&o tiveram
associagdes estatisticamente significativas, como pode ser observado nas tabelas

do anexo.

No entanto, a falta de associagdo observada nesse estudo, ndo elimina a
possibilidade dos polimorfismos analisados estarem relacionados com a obesidade
quando controlados para alguns fatores ambientais. Os resultados obtidos das
andlises dos genes DRD2 e HTR2C sao promissores, e permitem que novos

estudos sejam iniciados em diferentes amostras.
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ANEXO

TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO

Titulo da Pesquisa: Investigagcado da associagao de variantes genéticas com a ingestao
alimentar e obesidade infantil.

I. Por que realizar essa pesquisa e qual o objetivo dela?

O numero de criangas que estdo acima do peso ou sdo obesas vem aumentando ao
longo dos ultimos anos, como consequéncia da predisposicdo genética associada ao
aumento da ingestdo de alimentos altamente caléricos e a falta de atividade fisica diaria. O
objetivo deste estudo é verificar se determinadas diferengas genéticas estdo associadas
com a obesidade infantil.

Il. Qual o procedimento que sera utilizado?

Uma escovinha descartavel (swab) sera introduzida na boca de seu filho e com
movimentos giratérios delicados sera esfregada na parte interna da bochecha para coleta de
células. Esta coleta sera feita por um individuo treinado. O swab sera colocado em um tubo,
identificado apenas por nimeros e encaminhado ao laboratério para a analise do DNA. Ao
final desse trabalho as amostras de DNA serdo guardadas para, eventualmente, serem
utilizadas em futuras pesquisas sobre esse assunto. A utilizacdo em estudos futuros
somente sera realizada mediante nova aprovacdo do Comité de Etica em Pesquisa. Todos
os dados que vinculem a identidade de seu filho (a) com os dados obtidos serdo separados
em diferentes bancos de dados

lll. Quais os riscos em participar?

Os riscos em participar da pesquisa sdao minimos. A coleta sera feita
cuidadosamente e nao causara dor, lesdo ou machucado na boca de seu filho, podendo
apenas causar um pequeno desconforto durante a coleta.

IV. Quais os beneficios para o paciente que participar deste estudo?

Embora esta pesquisa ndo possa gerar nenhum beneficio imediato aos participantes,
ela podera trazer varios beneficios a longo prazo, quando sera possivel conhecer quais
pessoas possuem caracteristicas genéticas associadas com a obesidade. Por fim, a sua
participacdo ajudara no desenvolvimento de novos conhecimentos, que poderao
eventualmente beneficiar vocé e outras pessoas no futuro.

V. Com quem vocé pode esclarecer suas duvidas?

Em caso de qualquer outra duvida quanto a pesquisa ou sobre os seus direitos, vocé
podera contatar com as professoras Silvana de Almeida ou Vanessa Sufé Mattevi, Doutoras
em Genética e Biologia Molecular e professoras da Universidade Federal de Ciéncias da
Saude de Porto Alegre, responsaveis pelo estudo, pelo telefone (51) 3303-8763. Assim
como, com o Comité de Etica em Pesquisa da UFCSPA (51) 3303-8804, Rua Sarmento
Leite, 245.



VI. Quais sao os seus direitos?

A participagéo de seu filho no estudo é voluntaria. Caso vocé decida nao participar,
isto ndo afetara no tratamento normal que vocés tem direito. Além disso, vocé tem liberdade
para abandonar a pesquisa a qualquer momento sem nenhum prejuizo, devendo apenas
contatar a responsavel pelo estudo (citada logo acima). Os seus registros médicos seréo
sempre tratados confidencialmente. Os resultados deste estudo poderdo ser usados para
fins cientificos, mas vocé néao sera identificado pelo nome.

Assinatura do Paciente Assinatura do Pesquisador

Nome do Paciente Nome do Pesquisador



FORMULARIO DE CONSENTIMENTO PARA PACIENTES DE ACORDO EM
PARTICIPAR DE UM ESTUDO EM GENETICA

R fui informado dos objetivos da pesquisa
acima de maneira clara e detalhada. Recebi informagédo a respeito do procedimento e
esclareci minhas duvidas. Sei que em qualquer momento poderei solicitar novas
informacoes e terei liberdade de retirar meu consentimento de participagdo na pesquisa.
O Dr e certificou-me de que todos os dados desta pesquisa serao
confidenciais, bem como o meu tratamento ndo sera modificado em razido desta
pesquisa.

Caso tiver novas perguntas sobre este estudo, posso chamar Silvana de Almeida ou
Vanessa Sufié Mattevi no telefone (51) 3303-8763. Para qualquer pergunta sobre os
meus direitos como participante deste estudo ou se penso que fui prejudicado pela minha
participacdo, posso chamar Silvana de Almeida ou Vanessa Suié Mattevi no telefone
(51) 3303-8763 ou o Comité de Etica em Pesquisa da UFCSPA (Rua Sarmento Leite,
245, telefone (51) 3303-8804).

Declaro que recebi cépia do presente Termo de Consentimento.

Assinatura do Paciente Assinatura do Pesquisador Assinatura da
testemunha
Nome do Paciente Nome do Pesquisador Nome da testemunha

Porto Alegre, [ ]



QUESTIONARIO APLICADO NAS MAES AOS 2-3 ANOS DE IDADE DA

FICHA DA CRIANCA

Entrevistador

CRIANCA

1. Data / / Data3: /[
Identificacdo (crianca):

2.Telefones para contato

3.Numero de identificacdo Ident3:

4.Nome da crianga

5.Nome da mae

6.Endereco:

7.Data de Nascimento:

Dados Maternos e Socioecondmicos:




8.Qual a sua idade? anos

09.Data de nascimento da m3e / /

10.Qual o seu estado civil?

Casada/ou mora junto (1) Viava (2) Solteira (3) Separada (4)

11.Vocé teve outros filhos?

(1) Sim (2) Nao (pule para a questdo 14)

12. Se sim:
Quantos:
DN___/___/
DN__/___ /-
DN___/___/

13.Quantas pessoas moram na sua casa?

14.Qual o grau de parentesco?
(1) Familia nuclear

(2) Familia ndo nuclear

IdMae3:

DNm3

EstCivil3

Filhos3

Quant3:

DNfl:__ / [/
DNR2_ /]

DNF3__ / /.

Fami3:

Adul3:_

Parente3




15.Qual a sua ocupac¢do? (1) Desempregada (2) Empregada c/ carteira assinada | OcupaMae3:
(3) Empregada s/ carteira assinada (4) Do lar
(5) Estudante
16.Qual a ocupacdo do pai do seu (sua) filho (a)? (1) Desempregado (2)
OcupaPai3:
Empregado c/ carteira assinada (3) Empregado s/ carteira assinada (4)
Aposentado (5) Estudante
17.Qual a renda total da familia? RS
RendaT3:
18.Qual o gasto familiar mensal com alimentacdo? RS
GFA:
19.Qual o gasto familiar mensal com transporte? RS
GFT:
20.Vocé é fumante? Vcfum3:
(1) Sim  (2) Nao (pule para a 22) (3) Parou de fumar (pule para a 22)
21.Quantos cigarros vocé fuma por dia? Ncd3:
22.Alguém que mora na sua casa é fumante? Ncd3:




Sim (1) Nao (2) (Pule para a pergunta 24)

Se sim:

23.Quem é fumante na sua casa?

Pai (1) Outros moradores da casa (2) Anotar quantos (3)Pai e outros QuemFuma:

24.Vocé fumou durante a gestacdo do seu filho que participou do projeto?

(1) Sim (2) Nao (pule para a 26) Fgest3:

Se sim:

25.Quantos cigarros vocé fumava por dia? Ncfum3

26. Alguém na familia tem ou teve? (referente a crianga)

Para a pergunta quem: coloque 1 quando sim e 2 quando nao

26.a Obesidade: (1) Sim (2) N3o ou (3) Ndo Sabe (9) IGN Obesi: _____

Sesim:Quem? ( )Pai ( )M3e ( )Avdés ( )Tios Obpai: ___

( )irmdos (88) NSA  (99) IGN Obmae:
Obavés:
Obatio:

Obairm:




26.b Colesterol Alto: (1) Sim (2) Nado ou (3) Ndo Sabe (9) IGN

Se sim:Quem?( )Pai ( )Made ( )Avds ( )Tios

( )Irm3os (88)NSA (99) IGN

26.c Doencga cardiovascular: (1) Sim (2) Ndo (3) Ndo Sabe (9) IGN

Se sim:Quem?( )Pai ( )Made ( )Avés ( )Tios

( )irm3os  (88)NSA (99) IGN

26.d Diabetes Melitus: (1) Sim (2) Ndo ou (3) Ndo Sabe) (9) IGN

Se sim:Quem?( )Pai ( )Made ( )Avods () Tios

( )Irmdos (88)NSA (99) IGN

ColAlto:

Colpai:

Colmae:

Colavos:

Colatio:

Colairm:

DCV:
DCVpai:

DCVmae:
DCVavds:

DCVtio:

DCVirm: ____

DM:.
DMpai:____
DMmae:
DMavés:

DMtio:___

DMirm:____




PA:

26.e Hipertensdo (Pressdo Alta):(1) Sim  (2) Nao (3) Nao Sabe PApai:
(9) IGN PAmde:
Se sim:Quem?( )Pai ( )Mde ( )Avos () Tios PAavds:
( )Irm3aos (88)NSA  (99) IGN PAtio:
PAirm:___
Exam3

27. A crianga realizou algum exame de sangue apds o realizado quando o seu filho

estava com 1 ano de idade, através do nosso projeto?

Sim (1) Ndo (2)

Se sim anotar:

Data:_ / /[ Data:__ /__ [
Hb:__ g/dl Hb:__ g/dl

Ht: g/dl Ht: g/dl
VCM:___ fl VCM:___ fl
HCM:__ pg HCM:____ pg




28. Atualmente o seu filho esta recebendo algum suplemento de ferro?

(1)Sim (2) Nao
Se sim:

29.Qual o nome do suplemento?

Suple3

30.Qual a quantidade? gotas ou drageas Qual3
31.0 seu filho realmente recebe o suplemento? (1) Sim (2) nao Qgotas
32.Que idade a crianga tinha quando iniciou com o uso desse Qdrag
suplemento? meses
Receb3
33. Tempo de uso: semanas
Idade:
Tempu3
CONDIGOES DE SAUDE NOS ULTIMOS 6 MESES
34. Seu (sua) filho (a) foi internado no ultimos 6 meses? Intern3

Sim (1) N3o(2) Na&o sabe (3)

35.Seu (sua) filho (a) teve episddios de diarréia no ultimos 6 meses?

N3o (2) Na&o sabe (3)

36. Seu (sua) filho (a) apresentou febre importante nos ultimos 6 meses?

Ndo (2) N&o sabe (3)

37. Seu (sua) filho (a) teve infeccdo no uUltimos 6 meses?

Sim (1) | Diarré3

Sim (1)

Febre3

Infecg3




Sim (1) N3o (2) N&o sabe (3)
38. Seu (sua) filho (a) teve infeccdo urinaria nos ultimos 6 meses? InfUri3
Sim (1) N&o (2) N&o sabe (3)
39.0 seu (sua) filho (a) apresentou algum problema respiratério? Resp3
Sim (1) Na&o (2) (pule para a 67)
Leia as alternativas para o entrevistado
40. Qual ou quais problema (s) que seu (sua) filho (a) apresenta? Tosse3
Tosse () Coriza () Coriza3
Obstrucdo Nasal () Respiracdo rapida ou dificil () Obstru3
Respd3
Para o quadro ao lado preencher 1 para sim e 2 para nao
Preencher se a crianga recebe leite de vaca: (se nao recebe pule para a 72)
41. Qual o volume da preparagao? ml Vol3
42. Qual a freqiiéncia que seu filho toma leite no dia? vezes freqleit
43. Volume total de leite ingerido no dia: ml Volleite

(descontar se sobra)




44. A crianga vai a creche? Creche3
Sim (1) Nao (2) Period3
45, Periodo: meio turno (1) dia inteiro (2)
46 Desde que idade (em meses): temp3
47.Se nao, no lugar onde ela fica, tem outras criangas junto?
Sim (1) N3o (2) idcre3
ondfica3
48. 0 (a) seu (sua) filho (a) bebe dgua? Agua3
Sim (1) N3&o (2) (Pule para a pergunta 51)

Se sim:
49. Quanto bebe? Quant3
50. Qual o “tipo” da agua? Tagua3
Filtrada / Fervida / Torneira tratada e fervida / Mineral
(préprias para o consumo) (1)
Torneira ndo tratada (imprdprias para o consumo) (2)
51. Seu (sua) filho (a) comeu/come terra ou objetos n&o alimentares?

Sim (1) Nao (2) (pule para a 80) N3o sabe (3) (pule para a 53) Objet3




Se sim:

52. Quais os objetos nado alimentares que seu (sua) filho (a) comeu? Quais3
(1) Terra (2) Sabao/Sabonete (3) Terra + sabao (5) casca da mandioca

(4) Outras substancias (qual?)

Estado Nutricional:

53. Peso gramas Peso3
54. Comprimento cm Compri3
Dobra cutadnea subescapular: mm Subscap3
Dobra cutanea triciptal: mm Tricip3
Hemoglobina

Valor 1: Hb13
Valor 2: Hb23
Avaliacao da satde bucal

Numero de caries: Carie3
Numero de superficies atingidas: SAi3
Atividades diarias( ontem) :

55. Que horas foi dormir ontem Que horas acordou hoje / horas | Hsonoit

de sono:

56. O que fez ontem pela manha:




() Creche / Tempo

() Assistiu TV / Tempo:

() Brincou fora de casa / Tempo:

() Brincou dentro de casa / Tempo:

() Dormiu / Tempo:

57. 0 que fez ontem de tarde:
() Creche / Tempo

() Assistiu TV / Tempo:

() Brincou fora de casa / Tempo:

() Brincou dentro de casa / Tempo:

() Dormiu / Tempo:

58. O que fez ontem de noite:

() Assistiu TV / Tempo:

() Brincou dentro de casa / Tempo:

() Dormiu / Tempo:

OBS:Colocar sempre o tempo de HORAS

59. Tem alguma atividade fisica regular na semana:

()Sim ()Nao

Se sim qual:

Freqliéncia na semana:

MCrecheT

MTvT

MBrifT

MBridT

MDormT

TCrecheT
TTVT
TBrifT

TBridT

TDormT

NTVT

NbrinT

NdormT

Ativ

Qual




60. Vocé considera seu filho:

1. muito calmo

2. calmo

3. ativo

4. muito ativo

5. agitado

FreqS___

ConFi

INQUERITO DE FREQUENCIA DE ALIMENTOS

Com que freqiiéncia o seu filho consome os seguintes alimentos?

Alimentos

Diaria

(vezes)

Quantidade

(total)

Semanal

(vezes)

Quantidade

(total)

Esporadica

Sabor

Marca

Bolo

Biscoito recheado

Biscoito sem recheio

Mucilon/Neston/Farinha

Lactea




Petit Suisse

Chocolate

Sorvete

Acucar

Chiclete

Balas

Doces

Gelatina () Diet () Normal

Salgadinho

Carne de vaca

Carne de frango

Carne de peixe

Figado

Refrigerante

() Diet () Normal

Suco artificial

() Diet ( )Normal

Suco natural

Folhas verdes escuras

Alimentos amarelos




Frutas

Inquérito recordatdrio de 24 horas

Horario

Alimentos/e ou Preparagio

Medidas caseiras

LEMBRE-SE: ANOTE NO VERSO DESTA FOLHA A COMPOSICAO DOS

PRODUTOS INDUSTRIALIZADOS “ MENOS CONHECIDOS”

Critério ABIPEME (Nova Proposta para o Critério ABA/ABIPEME)

item

Televisor

Radio

Banheiro

Automovel

N de itens possuidos

6e+

22

15

26




Empregada Mensalista 11 |16 21 |26 32
Posse de: Pontos
Aspirador de P6 6
M4dquiina de Lavar Roupa 28
VCR - video cassete 10
Geladeira 7
Grau de instrucdo do chefe da

Pontos
familia
Analfabeto ou primario
incompleto °
Primario completo 5
Ginasio Completo 10
Colégial Completo 15
Superior Completo 21
Classe A (rica) 89 ou+
Classe B (média alta) 59 a 88
Classe C (média média) 35a58
Classe D (média pobre) 20a34




Classe E (pobre)
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granted when submitting their papers. Any material received without such evidence will
be assumed to originate from the authors.

Online Submission

Authors should submit their manuscripts online. Electronic submission substantially
reduces the editorial processing and reviewing times and shortens overall publication
times. Please follow the hyperlink “Submit online” on the right and upload all of your
manuscript files following the instructions given on the screen.

Please note:

The authors are requested to include a list with their submission stating
the individual contributions to the paper. — This information is mandatory for all
submissions.



The e-mail addresses of all authors need to be provided with the
submission.

TITLE PAGE

The title page should include:

e The first and last name(s) of all author(s) with their e-mail addresses

e A concise and informative title

¢ The affiliation(s) and address(es) of the author(s)

¢ The e-mail address, telephone and fax numbers of the corresponding author

Please note:

e The author’s names should be followed by neither their titles nor their
affiliation.

o Affiliations should be marked by numerals after the names and be listed in a
footnote.

Abstract

Please provide an abstract with a maximum of 200 words. The abstract should not
contain any undefined abbreviations or references. The abstract of each manuscript
needs to reflect the essential message of the article, including the results of the
quantitative data as well as a sound conclusion. The abstract should not be structured
but should end with “Conclusion: ...” (Conclusion written in italics) followed by the
concluding sentence written with regular fonts.

Keywords

Please provide 4 to 6 keywords which can be used for indexing purposes.
Give a list of Abbreviations in alphabetical order.

"What is Known — What is New" (Authors Summary)

Please indicate for the fast reader "What is Known" and explain "What is New" and
please note that this part will be judged by the reviewers and will be printed in the
Journal. The size of this section is limited to four (4) lines (bullet list).

TEXT

Text Formatting

Manuscripts should be submitted in Word.
e Use a normal, plain font (e.g., 10-point Times Roman) for text.

e Use italics for emphasis.
e Use the automatic page numbering function to number the pages.
e Do not use field functions.
e Use tab stops or other commands for indents, not the space bar.
e Use the table function, not spreadsheets, to make tables.
e Use the equation editor or MathType for equations.
e Save your file in docx format (Word 2007 or higher) or doc format (older
Word versions).
Manuscripts with mathematical content can also be submitted in LaTeX.

e LaTeX macro package (zip, 182 kB)



Headings
Please use no more than three levels of displayed headings.

Abbreviations
Abbreviations should be defined at first mention and used consistently thereafter.

Footnotes

Footnotes can be used to give additional information, which may include the citation of
a reference included in the reference list. They should not consist solely of a reference
citation, and they should never include the bibliographic details of a reference. They
should also not contain any figures or tables.

Footnotes to the text are numbered consecutively; those to tables should be indicated
by superscript lower-case letters (or asterisks for significance values and other
statistical data). Footnotes to the title or the authors of the article are not given
reference symbols.

Always use footnotes instead of endnotes.

Acknowledgments

Acknowledgments of people, grants, funds, etc. should be placed in a separate section
before the reference list. The names of funding organizations should be written in full.

Please note:

o The Manuscript should be given double-spaced.

o Please apply consecutive numbering to all your manuscript lines. Please
write the numbers next to the line on the left margin. Do not count each page
individually but rather keep counting up across all pages of the manuscript.

Authors should write as briefly and clearly as possible and arrange the manuscript

logically:

* Title page

* Abstract

* List of Abbreviations in alphabetical order

* Introduction (to be kept short)

* Materials and methods

* Patients’ medical reports

* Results

* Discussion

* References

* Tables

* Figure legends

SCIENTIFIC STYLE

Eponyms
Eponyms should be used in their non possessive form (e.g., Marfan syndrome, Crohn
disease, and not Looser's zone).

Gene symbols and bacterial species
Gene symbols and bacterial species should be given in italics.

Please use OMIM numbers to indicate genetic diseases

Sl units



Sl units are preferred, but not mandatory. Whatever units are adopted, consistency
within a paper is essential.

If SI units are used, it is appreciated if non-Sl units (mg, ml etc.) or a conversion factor
are provided as well.

REFERENCES

Citation

Reference citations in the text should be identified by numbers in square brackets.
Some examples:

1. Negotiation research spans many disciplines [3].
2. This result was later contradicted by Becker and Seligman [5].
3. This effect has been widely studied [1-3, 7].

Reference list

The list of references should only include works that are cited in the text and that have
been published or accepted for publication. Personal communications and unpublished
works should only be mentioned in the text. Do not use footnotes or endnotes as a
substitute for a reference list.

Reference list entries should be alphabetized by the last names of the first author of
each work and numbered consecutively.

e Journal article

o Gamelin FX, Baquet G, Berthoin S, Thevenet D, Nourry C, Nottin S,
Bosquet L (2009) Effect of high intensity intermittent training on heart
rate variability in prepubescent children. Eur J Appl Physiol 105:731-738.
doi: 10.1007/s00421-008-0955-8

e Ideally, the names of all authors should be provided, but the usage of “et
al” in long author lists will also be accepted:

e Smith J, Jones M Jr, Houghton L et al (1999) Future of health insurance.
N Engl J Med 965:325-329

e Article by DOI

o Slifka MK, Whitton JL (2000) Clinical implications of dysregulated
cytokine production. J Mol Med. Doi:10.1007/s001090000086
e Book

e South J, Blass B (2001) The future of modern genomics. Blackwell,
London

e Book chapter

e Brown B, Aaron M (2001) The politics of nature. In: Smith J (ed) The rise
of modern genomics, 3rd edn. Wiley, New York, pp 230-257

e Online document

e Doe J (1999) Title of subordinate document. In: The dictionary of
substances and their effects. Royal Society of Chemistry. Available via
DIALOG. http://www.rsc.org/doseltitle of subordinate document.

e Accessed 15 Jan 1999



¢ Always use the standard abbreviation of a journal’'s name according to the ISSN
List of Title Word Abbreviations, see

e |SSN.org LTWA

e If you are unsure, please use the full journal title.

e For authors using EndNote, Springer provides an output style that supports the
formatting of in-text citations and reference list.

e Endnote style (zip, 2 kB)

TABLES

All tables are to be numbered using Arabic numerals.
Tables should always be cited in text in consecutive numerical order.

For each table, please supply a table caption (title) explaining the
components of the table.

Identify any previously published material by giving the original source in
the form of a reference at the end of the table caption.

Footnotes to tables should be indicated by superscript lower-case letters
(or asterisks for significance values and other statistical data) and included
beneath the table body.

ARTWORK AND ILLUSTRATIONS GUIDELINES

Electronic Figure Submission
Supply all figures electronically.
Indicate what graphics program was used to create the artwork.

For vector graphics, the preferred format is EPS; for halftones, please
use TIFF format. MSOffice files are also acceptable.

Vector graphics containing fonts must have the fonts embedded in the
files.

Name your figure files with "Fig" and the figure number, e.g., Fig1.eps.

Line Art
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Definition: Black and white graphic with no shading.

Do not use faint lines and/or lettering and check that all lines and
lettering within the figures are legible at final size.

All lines should be at least 0.1 mm (0.3 pt) wide.

Scanned line drawings and line drawings in bitmap format should have a
minimum resolution of 1200 dpi.

Vector graphics containing fonts must have the fonts embedded in the
files.

vHa_Iftone Art
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Definition: Photographs, drawings, or paintings with fine shading, etc.



If any magnification is used in the photographs, indicate this by using
scale bars within the figures themselves.
Halftones should have a minimum resolution of 300 dpi.
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Definition: a combination of halftone and line art, e.g., halftones
containing line drawing, extensive lettering, color diagrams, etc.
Combination artwork should have a minimum resolution of 600 dpi.

Color Art

Color art is free of charge for online publication.

If black and white will be shown in the print version, make sure that the
main information will still be visible. Many colors are not distinguishable from
one another when converted to black and white. A simple way to check this is to
make a xerographic copy to see if the necessary distinctions between the
different colors are still apparent.

If the figures will be printed in black and white, do not refer to color in the
captions.

Color illustrations should be submitted as RGB (8 bits per channel).

Figure Lettering
To add lettering, it is best to use Helvetica or Arial (sans serif fonts).

Keep lettering consistently sized throughout your final-sized artwork,
usually about 2-3 mm (8-12 pt).

Variance of type size within an illustration should be minimal, e.g., do not
use 8-pt type on an axis and 20-pt type for the axis label.

Avoid effects such as shading, outline letters, etc.
Do not include titles or captions within your illustrations.

Figure Numbering

All figures are to be numbered using Arabic numerals.
Figures should always be cited in text in consecutive numerical order.



Figure parts should be denoted by lowercase letters (a, b, c, etc.).

If an appendix appears in your article and it contains one or more
figures, continue the consecutive numbering of the main text. Do not number the
appendix figures,

"A1, A2, A3, etc." Figures in online appendices (Electronic Supplementary
Material) should, however, be numbered separately.

Figure Captions

Each figure should have a concise caption describing accurately what
the figure depicts. Include the captions in the text file of the manuscript, not in
the figure file.

Figure captions begin with the term Fig. in bold type, followed by the
figure number, also in bold type.

No punctuation is to be included after the number, nor is any punctuation
to be placed at the end of the caption.

Identify all elements found in the figure in the figure caption; and use
boxes, circles, etc., as coordinate points in graphs.

Identify previously published material by giving the original source in the
form of a reference citation at the end of the figure caption.

Figure Placement and Size

When preparing your figures, size figures to fit in the column width.

For most journals the figures should be 39 mm, 84 mm, 129 mm, or 174
mm wide and not higher than 234 mm.

For books and book-sized journals, the figures should be 80 mm or 122
mm wide and not higher than 198 mm.

Permissions

If you include figures that have already been published elsewhere, you must obtain
permission from the copyright owner(s) for both the print and online format. Please be
aware that some publishers do not grant electronic rights for free and that Springer will
not be able to refund any costs that may have occurred to receive these permissions.
In such cases, material from other sources should be used.

Accessibility

In order to give people of all abilities and disabilities access to the content of your
figures, please make sure that

All figures have descriptive captions (blind users could then use a text-
to-speech software or a text-to-Braille hardware)

Patterns are used instead of or in addition to colors for conveying
information (colorblind users would then be able to distinguish the visual
elements)

Any figure lettering has a contrast ratio of at least 4.5:1

ELECTRONIC SUPPLEMENTARY MATERIAL

Springer accepts electronic multimedia files (animations, movies, audio, etc.) and other
supplementary files to be published online along with an article or a book chapter. This
feature can add dimension to the author's article, as certain information cannot be
printed or is more convenient in electronic form.



Submission

Supply all supplementary material in standard file formats.

Please include in each file the following information: article title, journal
name, author names; affiliation and e-mail address of the corresponding author.

To accommodate user downloads, please keep in mind that larger-sized
files may require very long download times and that some users may experience
other problems during downloading.

Audio, Video, and Animations
Always use MPEG-1 (.mpg) format.

Text and Presentations

Submit your material in PDF format; .doc or .ppt files are not suitable for
long-term viability.
A collection of figures may also be combined in a PDF file.

Spreadsheets

Spreadsheets should be converted to PDF if no interaction with the data
is intended.

If the readers should be encouraged to make their own calculations,
spreadsheets should be submitted as .xls files (MS Excel).

Specialized Formats

Specialized format such as .pdb (chemical), .wrl (VRML), .nb
(Mathematica notebook), and .tex can also be supplied.

Collecting Multiple Files
It is possible to collect multiple files in a .zip or .gz file.

Numbering

If supplying any supplementary material, the text must make specific
mention of the material as a citation, similar to that of figures and tables.

Refer to the supplementary files as “Online Resource”, e.g., "... as
shown in the animation (Online Resource 3)", “... additional data are given in
Online Resource 4.

Name the files consecutively, e.g. “ESM_3.mpg”, “ESM_4.pdf".

Captions

For each supplementary material, please supply a concise caption
describing the content of the file.

Processing of supplementary files

Electronic supplementary material will be published as received from the
author without any conversion, editing, or reformatting.

Accessibility

In order to give people of all abilities and disabilities access to the content of your
supplementary files, please make sure that

The manuscript contains a descriptive caption for each supplementary
material

Video files do not contain anything that flashes more than three times
per second (so that users prone to seizures caused by such effects are not put
at risk)



INTEGRITY OF RESEARCH AND REPORTING

Ethical standards

Manuscripts submitted for publication must contain a statement to the effect that all
human and animal studies have been approved by the appropriate ethics committee
and have therefore been performed in accordance with the ethical standards laid down
in the 1964 Declaration of Helsinki and its later amendments.

It should also be stated clearly in the text that all persons gave their informed consent
prior to their inclusion in the study. Details that might disclose the identity of the
subjects under study should be omitted.

These statements should be added in a separate section before the reference list. If
these statements are not applicable, authors should state: The manuscript does not
contain clinical studies or patient data.

The editors reserve the right to reject manuscripts that do not comply with the above-
mentioned requirements. The author will be held responsible for false statements or
failure to fulfill the above-mentioned requirements

Conflict of interest

All benefits in any form from a commercial party related directly or indirectly to the
subject of this manuscript or any of the authors must be acknowledged. For each
source of funds, both the research funder and the grant number should be given. This
note should be added in a separate section before the reference list.

If no conflict exists, authors should state: The authors declare that they have no conflict
of interest.

ETHICAL RESPONSIBILITIES OF AUTHORS

This journal is committed to upholding the integrity of the scientific record. As a
member of the Committee on Publication Ethics (COPE) the journal will follow the
COPE guidelines on how to deal with potential acts of misconduct.
Authors should refrain from misrepresenting research results which could damage the
trust in the journal, the professionalism of scientific authorship, and ultimately the entire
scientific endeavour. Maintaining integrity of the research and its presentation can be
achieved by following the rules of good scientific practice, which include:
The manuscript has not been submitted to more than one journal for
simultaneous consideration.
The manuscript has not been published previously (partly or in full),
unless the new work concerns an expansion of previous work (please provide
transparency on the re-use of material to avoid the hint of text-recycling (“self-
plagiarism”)).
A single study is not split up into several parts to increase the quantity of
submissions and submitted to various journals or to one journal over time
(e.g. “salami-publishing”).
No data have been fabricated or manipulated (including images) to
support your conclusions
No data, text, or theories by others are presented as if they were the
author’s own (“plagiarism”). Proper acknowledgements to other works must
be given (this includes material that is closely copied (near verbatim),
summarized and/or paraphrased), quotation marks are used for verbatim
copying of material, and permissions are secured for material that is
copyrighted.



Important note: the journal may use software to screen for plagiarism.

Consent to submit has been received explicitly from all co-authors, as
well as from the responsible authorities - tacitly or explicitly - at the
institute/organization where the work has been carried out, before the work is
submitted.

Authors whose names appear on the submission have contributed
sufficiently to the scientific work and therefore share collective responsibility
and accountability for the results.

In addition:

Changes of authorship or in the order of authors are not
accepted after acceptance of a manuscript.

Requesting to add or delete authors at revision stage, proof stage, or
after publication is a serious matter and may be considered when justifiably
warranted. Justification for changes in authorship must be compelling and may
be considered only after receipt of written approval from all authors and a
convincing, detailed explanation about the role/deletion of the new/deleted
author. In case of changes at revision stage, a letter must accompany the
revised manuscript. In case of changes after acceptance or publication, the
request and documentation must be sent via the Publisher to the Editor-in-Chief.
In all cases, further documentation may be required to support your request.
The decision on accepting the change rests with the Editor-in-Chief of the
journal and may be turned down. Therefore authors are strongly advised to
ensure the correct author group, corresponding author, and order of authors at
submission.

Upon request authors should be prepared to send relevant
documentation or data in order to verify the validity of the results. This could be
in the form of raw data, samples, records, etc.

If there is a suspicion of misconduct, the journal will carry out an investigation following
the COPE guidelines. If, after investigation, the allegation seems to raise valid
concerns, the accused author will be contacted and given an opportunity to address the
issue. If misconduct has been established beyond reasonable doubt, this may result in
the Editor-in-Chief’'s implementation of the following measures, including, but not
limited to:

If the article is still under consideration, it may be rejected and returned
to the author.

If the article has already been published online, depending on the nature
and severity of the infraction, either an erratum will be placed with the article or
in severe cases complete retraction of the article will occur. The reason must be
given in the published erratum or retraction note.

The author’s institution may be informed.

COMPLIANCE WITH ETHICAL STANDARDS

To ensure objectivity and transparency in research and to ensure that accepted
principles of ethical and professional conduct have been followed, authors should
include information regarding sources of funding, potential conflicts of interest (financial
or non-financial), informed consent if the research involved human participants, and a
statement on welfare of animals if the research involved animals.
Authors should include the following statements (if applicable) in a separate section
entitled “Compliance with Ethical Standards” before the References when submitting a
paper:

Disclosure of potential conflicts of interest



Research involving Human Participants and/or Animals

Informed consent
Please note that standards could vary slightly per journal dependent on their peer
review policies (i.e. double blind peer review) as well as per journal subject discipline.
Before submitting your article check the Instructions for Authors carefully.
The corresponding author should be prepared to collect documentation of compliance
with ethical standards and send if requested during peer review or after publication.

The Editors reserve the right to reject manuscripts that do not comply with the above-
mentioned guidelines. The author will be held responsible for false statements or failure
to fulfill the above-mentioned guidelines.

DISCLOSURE OF POTENTIAL CONFLICTS OF INTEREST

Authors must disclose all relationships or interests that could have direct or potential
influence or impart bias on the work. Although an author may not feel there is any
conflict, disclosure of relationships and interests provides a more complete and
transparent process, leading to an accurate and objective assessment of the work.
Awareness of a real or perceived conflicts of interest is a perspective to which the
readers are entitled. This is not meant to imply that a financial relationship with an
organization that sponsored the research or compensation received for consultancy
work is inappropriate. Examples of potential conflicts of interests that are directly or
indirectly related to the research may include but are not limited to the following:
Research grants from funding agencies (please give the research funder
and the grant number)

Honoraria for speaking at symposia
Financial support for attending symposia
Financial support for educational programs
Employment or consultation

Support from a project sponsor

Position on advisory board or board of directors or other type of
management relationships

Multiple affiliations

Financial relationships, for example equity ownership or investment
interest
Intellectual property rights (e.g. patents, copyrights and royalties from
such rights)
Holdings of spouse and/or children that may have financial interest in the
work
In addition, interests that go beyond financial interests and compensation (non-financial
interests) that may be important to readers should be disclosed. These may include but
are not limited to personal relationships or competing interests directly or indirectly tied
to this research, or professional interests or personal beliefs that may influence your
research.
The corresponding author collects the conflict of interest disclosure forms from all
authors. In author collaborations where formal agreements for representation allow it, it
is sufficient for the corresponding author to sign the disclosure form on behalf of all
authors. Examples of forms can be found

here:



The corresponding author will include a summary statement in the text of the
manuscript in a separate section before the reference list, that reflects what is recorded
in the potential conflict of interest disclosure form(s).

See below examples of disclosures:

Funding: This study was funded by X (grant number X).

Conflict of Interest: Author A has received research grants from Company A. Author
B has received a speaker honorarium from Company X and owns stock in Company Y.
Author C is a member of committee Z.

If no conflict exists, the authors should state:

Conflict of Interest: The authors declare that they have no conflict of interest.

RESEARCH INVOLVING HUMAN PARTICIPANTS AND/OR ANIMALS

1) Statement of human rights

When reporting studies that involve human participants, authors should include a
statement that the studies have been approved by the appropriate institutional and/or
national research ethics committee and have been performed in accordance with the
ethical standards as laid down in the 1964 Declaration of Helsinki and its later
amendments or comparable ethical standards.

If doubt exists whether the research was conducted in accordance with the 1964
Helsinki Declaration or comparable standards, the authors must explain the reasons for
their approach, and demonstrate that the independent ethics committee or institutional
review board explicitly approved the doubtful aspects of the study.

The following statements should be included in the text before the References section:
Ethical approval: “All procedures performed in studies involving human participants
were in accordance with the ethical standards of the institutional and/or national
research committee and with the 1964 Helsinki declaration and its later amendments or
comparable ethical standards.”

For retrospective studies, please add the following sentence:

“For this type of study formal consent is not required.”

2) Statement on the welfare of animals

The welfare of animals used for research must be respected. When reporting
experiments on animals, authors should indicate whether the international, national,
and/or institutional guidelines for the care and use of animals have been followed, and
that the studies have been approved by a research ethics committee at the institution
or practice at which the studies were conducted (where such a committee exists).

For studies with animals, the following statement should be included in the text before
the References section:

Ethical approval: “All applicable international, national, and/or institutional guidelines
for the care and use of animals were followed.”

If applicable (where such a committee exists): “All procedures performed in studies
involving animals were in accordance with the ethical standards of the institution or
practice at which the studies were conducted.”

If articles do not contain studies with human participants or animals by any of the
authors, please select one of the following statements:

“This article does not contain any studies with human participants performed by any of
the authors.”

“This article does not contain any studies with animals performed by any of the
authors.”



“This article does not contain any studies with human participants or animals performed
by any of the authors.”

Please note:
It is requested to mention the ethical approval number for all prospective studies.

INFORMED CONSENT

All individuals have individual rights that are not to be infringed. Individual participants
in studies have, for example, the right to decide what happens to the (identifiable)
personal data gathered, to what they have said during a study or an interview, as well
as to any photograph that was taken. Hence it is important that all participants gave
their informed consent in writing prior to inclusion in the study. Identifying details
(names, dates of birth, identity numbers and other information) of the participants that
were studied should not be published in written descriptions, photographs, and genetic
profiles unless the information is essential for scientific purposes and the participant (or
parent or guardian if the participant is incapable) gave written informed consent for
publication. Complete anonymity is difficult to achieve in some cases, and informed
consent should be obtained if there is any doubt. For example, masking the eye region
in photographs of participants is inadequate protection of anonymity. If identifying
characteristics are altered to protect anonymity, such as in genetic profiles, authors
should provide assurance that alterations do not distort scientific meaning.

The following statement should be included:

Informed consent: “Informed consent was obtained from all individual participants
included in the study.”

If identifying information about participants is available in the article, the following
statement should be included:

“Additional informed consent was obtained from all individual participants for whom
identifying information is included in this article.”

AFTER ACCEPTANCE

Upon acceptance of your article you will receive a link to the special Author Query
Application at Springer's web page where you can sign the Copyright Transfer
Statement online and indicate whether you wish to order OpenChoice and offprints.

Once the Author Query Application has been completed, your article will be processed
and you will receive the proofs.

Open Choice

In addition to the normal publication process (whereby an article is submitted to the
journal and access to that article is granted to customers who have purchased a
subscription), Springer now provides an alternative publishing option: Springer Open
Choice. A Springer Open Choice article receives all the benefits of a regular
subscription-based article, but in addition is made available publicly through Springer’s
online platform SpringerLink.

Springer Open Choice

Copyright transfer



Authors will be asked to transfer copyright of the article to the Publisher (or grant the
Publisher exclusive publication and dissemination rights). This will ensure the widest
possible protection and dissemination of information under copyright laws.

Open Choice articles do not require transfer of copyright as the copyright remains with
the author. In opting for open access, the author(s) agree to publish the article under
the Creative Commons Attribution License..

Offprints
Offprints can be ordered by the corresponding author.

Color illustrations
Publication of color illustrations is free of charge.

Proof reading

The purpose of the proof is to check for typesetting or conversion errors and the
completeness and accuracy of the text, tables and figures. Substantial changes in
content, e.g., new results, corrected values, title and authorship, are not allowed
without the approval of the Editor.

After online publication, further changes can only be made in the form of an Erratum,
which will be hyperlinked to the article.

Online First

The article will be published online after receipt of the corrected proofs. This is the
official first publication citable with the DOI. After release of the printed version, the
paper can also be cited by issue and page numbers.



Parecer Consubstanciado de Projeto de Pesquisa

Titulo do Projeto: Investigagdo da associagao de variantes genéticas com a ingestao alimentar
e obesidade infantil
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Sumério do Projeto
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Periodo de suspenséao de uso de drogas (wash out) | Nao utiliza
Monitoramento da segurancga e dados Adequado

Avaliacdo dos dados

Adequada - quantitativa

Privacidade e confidencialidade

Adequada

Termo de Consentimento

Adequado

Adequacao as Normas e Diretrizes

Sim

Comentarios sobre os itens de Pacientes e Métodos

Cronograma

Adequado

Data de inicio prevista

Pagina 1-2



Data de término prevista

Orgcamento Adequado

Fonte de financiamento externa Nao

Comentarios sobre o Cronograma e o Orgamento

[ Referéncias Bibliograficas | Adequadas

Comentarios sobre as Referéncias Bibliograficas
atual e pertinente para a pesquisa

Recomendagio

Aprovar

Comentarios Gerais sobre o Projeto
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