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RESUMO

A obesidade é uma condicdo que confere alto risco para o desenvolvimento de
muitas doencas cronicas e tem se tornado cada vez mais prevalente em todo o mundo.
O principal tratamento para a obesidade é a mudanca do estilo de vida, principalmente
no que se refere a ingestao alimentar. Porém, para muitos pacientes esta é uma tarefa
praticamente impossivel de ser realizada, principalmente para os que estao inseridos
em um ambiente obesogénico, no qual predomina a fome hedbdnica que € mediada
pelas vias dopaminérgica e serotoninérgica. Fatores genéticos também podem
influenciar nestas vias, uma vez que nem todos os individuos expostos a um ambiente
obesogénico desenvolvem a obesidade. Diversos estudos que analisam
polimorfismos, individualmente, associaram variantes em genes relacionados a
dopamina e a serotonina com ingestdo alimentar, obesidade e outros fendtipos
correlatos, enquanto estudos de genoma amplo explicam uma baixa proporcéo da
variabilidade. Entretanto, tais estudos ndo sdo capazes de capturar o efeito de
interacBes mais complexas como as interacdes gene-gene. Portanto, novos métodos
de analise dos dados se fazem necessarios. O objetivo do presente estudo foi analisar
o efeito em conjunto de variantes de genes das vias dopaminérgica e serotoninérgica,
ja analisados, de forma individual, pelo nosso grupo de pesquisa, na ingestao
alimentar de criancas em trés diferentes etapas do desenvolvimento, utilizando
regressao PLS (partial least squares). Para isso foram gerados modelos utilizando
dados de variantes genéticas como variaveis preditoras e de ingestédo alimentar das
criangas aos 12 meses, 3 anos e 6 anos de idade como desfechos. Na nossa amostra,
foram obtidos modelos que explicaram de 65,2% a 83% da ingestao energética diaria
média. Também foram realizadas simulacdes para predizer a ingestdo energética,
utilizando as variaveis preditoras, e os valores simulados foram comparados com 0s
valores reais de ingestdo energética diaria média nas trés idades. Nao houve
diferencas estatisticamente significantes entre os valores reais e o0s valores simulados,
0 que indica boa precisdo dos modelos. O método utilizado tem potencial aplicagéo
para predicdo de desfechos quantitativos de variantes genéticas previamente
associadas com caracteristicas complexas. Nao foram encontrados na literatura
outros estudos utilizando o mesmo método para analise do efeito em conjunto de
variantes de genes dopaminérgicos e serotoninérgicos na ingestdo alimentar de

criancas. Novas analises com outras variantes genéticas e outros desfechos séo



necessarias para melhor avaliagdo da regressao PLS na analise conjunta de variantes

genéticas com fendtipos complexos.

Palavras-chave: Dopamina. Ingestdo alimentar. Variantes genéticas. Obesidade.

Serotonina.



ABSTRACT

Obesity is a condition that confers high risk for the development of many chronic
diseases and has become increasingly prevalent throughout the world. The main
treatment for obesity is lifestyle change, especially with regard to food intake. However,
for many patients this is a practically impossible task to be performed, especially for
those who are inserted in an obesogenic environment, in which hedonic hunger
predominates, which is mediated by dopaminergic and serotonergic pathways. Genetic
factors can also influence these pathways, since not all individuals exposed to an
obesogenic environment develop obesity. Several studies that analyze individual
genes have found association between variants in dopamine and serotonin-related
genes and food intake, obesity, and other related phenotypes, while genome-wide
studies explain a low proportion of the variability. However, such studies are not able
to capture the effect of more complex interactions such as gene-gene interactions.
Therefore, new methods of data analysis are necessary. The aim of the present study
was to analyze the effect of gene variants of the dopaminergic and serotonergic
pathways, already analyzed individually by our research group, on food intake of
children at three different stages of development, using PLS (partial least squares)
regression. To do so, models were generated using data from genetic variants as
predictors and food intake of children at 12 months, 3 years and 6 years of age as
outcomes. In our sample, we obtained models that explained 65.2% to 83% of the
average daily energy intake. Simulations were also performed using the predictor
variables and the simulated values were compared with the real values of average
daily energy intake at the three ages. There were no statistically significant differences
between the real values and the simulated values, which indicates good accuracy of
the models. This method has potential application for predicting quantitative outcomes
of genetic variants previously associated with complex traits. No other studies were
found in the literature using the same method to analyze the combined effect of
variants of dopaminergic and serotonergic genes on food intake in children. New
studies with other genetic variants and other outcomes are needed to better evaluate

PLS regression in the joint analysis of genetic variants with complex phenotypes.

Keywords: Dopamine. Energy intake. Genetic variation. Obesity. Serotonin.
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1 INTRODUCAO

As doencas complexas compreendem uma gama de condi¢fes clinicas cujo
desenvolvimento é o resultado da predisposicdo genética, mediada por mdultiplos
genes, em conjunto com fatores ambientais. Sdo doencas comuns na populagcédo, mas
apresentam alto grau de morbidade e mortalidade, como doencgas autoimunes,
doenca de Alzheimer, obesidade, entre outras (MURAMATSU; OKUDA; OKAZAKI,
2014).

Ao contrario das doencas mendelianas, as doengcas complexas ndo seguem
um padréo de heranca especifico e pouco se sabe acerca dos mecanismos genéticos
envolvidos na predisposicéo para a maioria deste tipo de doencas. Entretanto, sabe-
se que é necesséria a contribuicdo simultanea de diversos genes polimorficos, em um
contexto em que cada variante genética envolvida contribui com uma baixa
porcentagem de risco e que, individualmente, exerceriam pouco efeito para o seu
desenvolvimento (BURGHES, 2001; PRICE; SPENCER; DONNELLY, 2015).

O fenbmeno da obesidade tem se agravado nas ultimas décadas, causando
um impacto desfavoravel na saude e qualidade de vida da populacdo mundial, em
todas as faixas etarias, a ponto de se tornar uma epidemia (JAMES, 2008; MITCHELL
et al.,, 2011; YANOVSKI, 2015). Pessoas com obesidade tem maior chance de
desenvolver outras comorbidades como diabetes tipo I, doencas cardiovasculares,
doenca hepatica gordurosa ndo alcodlica, cancer, entre outras (ANDOLFI;
FISICHELLA, 2018; APOVIAN, 2016). Mais recentemente, com 0 surgimento do
SARS-CoV-2, foi demonstrado que a obesidade exerce um papel importante no risco
de desenvolvimento de formas severas de COVID-19 (DE LEEUW et al., 2021).

De acordo com a Organizacdo Mundial de Saude (OMS), a prevaléncia da
obesidade quase triplicou desde 1975, resultando em mais de 650 milhdes de adultos
obesos no mundo em 2016, cerca de 13% da populacdo mundial. Também houve um
aumento na prevaléncia da obesidade e sobrepeso em criangas e adolescentes (5 a
19 anos de idade): de 4% em 1975 para 18% em 2016, o que representa mais de 340
milhdes de individuos. Ja em criancas abaixo dos 5 anos, a estimativa é de que 39
milhées eram obesas ou tinham sobrepeso em 2020 (WHO, 2021).
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No Brasil, dados do IBGE de 2008-2009 demonstram que, dentre criancas de
5 a 9 anos de idade, 34,8% dos meninos e 32% das meninas apresentaram excesso
de peso. Destes, 16,6% e 11,8% eram obesos, respectivamente. Em adolescentes de
10 a 19 anos de idade, a prevaléncia do excesso de peso foi de 20,5%, sendo 4,9%
obesos. Entre adultos, 50,1% dos homens e 48% das mulheres foram diagnosticados
com excesso de peso. Destes, a frequéncia de obesos foi de 12,5% e 16,9%,
respectivamente (IBGE, 2010). J& em 2017, dados da Pesquisa de Vigilancia de
Fatores de Risco e Protecdo para Doencas Cronicas por Inquérito Telefénico — Vigitel
Brasil 2017 — mostram que, no conjunto das capitais brasileiras e Distrito Federal, a
frequéncia de excesso de peso e obesidade em adultos foi de 54% e 18,9%,
respectivamente (BRASIL, 2018).

A obesidade € uma doenca altamente heterogénea e complexa, portanto varios
fatores devem ser considerados para se compreender as causas de seu
desenvolvimento, como idade, sexo, cultura, padrdo socioeconémico, etnia,
comportamento, escolaridade, entre outros (GONZALEZ-MUNIESA et al., 2017). De
uma forma simplista, é necessario que haja um balanco energético positivo, ou seja,
a quantidade de calorias ingeridas deve ser maior que a quantidade utilizada com a
manutencdo do metabolismo basal e atividade fisica. O estilo de vida contemporaneo
contribui para o balanco energético positivo pois, com a industrializacdo e o rapido
avanco tecnolégico, é necesséario cada vez menos energia para a realizacdo de
tarefas rotineiras, como deslocamento e trabalhos domésticos, aléem de que, os
alimentos industrializados, altamente palataveis, ricos em acucares e lipidios, sédo 0s
mais acessiveis e consumidos em grandes por¢des (HILL; WYATT; MELANSON,
2000; MITCHELL et al., 2011). Esse estilo de vida também facilita o desenvolvimento
do estresse, 0 qual estad associado a obesidade tanto pela hiperatividade do eixo
hipotalamico-hipofisario, quanto pelo aumento da ingestdo alimentar
(HEWAGALAMULAGE et al., 2016).

A sensacdo de recompensa proveniente da ingestdo de alimentos altamente
palataveis pode desencadear a fome heddnica, na qual a ingestao alimentar tem como
objetivo a propria sensacdo de recompensa, e ndo o suprimento da demanda
metabdlica (ZIAUDDEEN et al., 2015). Dopamina e serotonina, entre outros

neurotransmissores, estdo intimamente ligados ao mecanismo de recompensa
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alimentar. Acredita-se que alteracdes na sinalizacdo dopaminérgica e serotoninérgica
favorecem o consumo elevado de alimentos palataveis através do aumento da busca
por recompensa mediado pelo sistema dopaminérgico, e da diminuicdo do feedback
homeostéatico mediado pelo sistema serotoninérgico (STICE et al., 2013; VAN GALEN
et al., 2018; YABUT et al., 2019). Através da ativacdo deste mecanismo, o individuo
passa a dar preferéncia a tais alimentos, em detrimento de alimentos menos
saborosos, 0 que eleva a quantidade de calorias ingeridas (STICE et al., 2013;
ZIAUDDEEN et al., 2015). Desse modo, muitos individuos podem desenvolver um
comportamento alimentar disfuncional, como a hiperfagia e, consequentemente,
chegar a obesidade (LEIGH; MORRIS, 2018).

Entretanto, nem todos os individuos expostos a um ambiente obesogénico
desenvolvem obesidade, o que indica a presenca de um componente genético que
interfere na predisposicao individual a obesidade (ALBUQUERQUE et al., 2017). Em
estudos de avaliacdo de herdabilidade realizados com gémeos e com familias, foi
demonstrado que o fator genético exerce grande contribuicdo na variacdo do indice
de massa corpérea (IMC) (SILVENTOINEN et al., 2010; WARDLE et al., 2008). De
acordo com revisdo sistematica e meta-analise, a herdabilidade estimada para o IMC
em estudos com gémeos foi de 47 a 90% e de estudos com familias foi de 24 a 81%,
sendo maior na infancia que na fase adulta (ELKS et al., 2012). Em rela¢éo a ingestéo
alimentar, varios estudos demonstram a influéncia do componente genético nas
preferéncias alimentares, com moderada herdabilidade em criancas (BREEN;
PLOMIN; WARDLE, 2006). Em adolescentes, a influéncia genética persiste e se torna
mais evidente devido a reducéo da influéncia do ambiente familiar compartilhado
(SMITH et al., 2016), o que tende a se estender até a vida adulta (KESKITALO et al.,
2008). Para a ingestdo cal6rica em adultos, de 32 a 48% da variancia pode ser
atribuida a fatores genéticos (HASSELBALCH et al., 2008; LIU et al., 2013).

A publicacéo da primeira versdo do genoma humano e seu mapeamento, além
do desenvolvimento de técnicas de genotipagem em larga escala, permitiram o
advento do Genome-Wide Association Studies (GWAS). O GWAS é um método
exploratorio que busca, por meio da analise simultanea dos genoétipos de milhares de
variantes nos genomas de um grande namero de individuos, encontrar variantes que

possam estar associadas a um fenadtipo especifico (DEHGHAN, 2018).
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Em 2007, Frayling e colaboradores realizaram um GWAS com o objetivo de
encontrar variantes de susceptibilidade para o diabetes tipo 2. Foram comparados
490.032 SNPs (single nucleotide polymorphisms) autossémicos de 1.924 pacientes
portadores de diabetes tipo 2 com 2.938 individuos controle. Os autores encontraram
uma forte associacdo de variantes presentes no gene FTO (fat mass and obesity-
associated) com diabetes tipo 2, que € mediada através do IMC (FRAYLING et al.,
2007). Desde entao, muitos GWAS para obesidade foram realizados e com amostras
cada vez maiores, resultando em mais de 900 variantes associadas a obesidade
(YENGO et al., 2018). Dentre todos os loci identificados, o gene FTO explica a maior,
mas ainda muito pequena, parte da variacdo genética do IMC: cerca de 0,34%
(SPELIOTES et al., 2010). Todas as variantes associadas com o IMC em conjunto
explicam por volta de apenas 6% da herdabilidade estimada (YENGO et al., 2018).
Variantes no gene FTO também foram reportadas em GWAS de ingestédo alimentar,
cuja presenca do alelo menos frequente foi associada a um maior consumo de
proteinas (TANAKA et al., 2013). Entretanto, a herdabilidade da ingestdo de
macronutrientes explicada por GWAS é ainda mais baixa que a herdabilidade do IMC:
3,9% para carboidratos, 3,3% para lipidios e 3,2% para proteinas (MERINO et al.,
2019).

A diferenca entre a herdabilidade estimada por meio de estudos com familias e
a herdabilidade explicada por genotipagem em estudos de associacdo com doencas
e caracteristicas complexas € comumente chamada de herdabilidade perdida (GENIN,
2019). Vérias hipoteses foram propostas na tentativa de explicar a herdabilidade
perdida (EICHLER et al., 2010). Uma delas € a interacdo gene-gene e seu efeito em
conjunto, principalmente quando estes genes estédo correlacionados e/ou participam
da mesma via associada ao fendtipo (TYLER et al., 2009). Para a determinacdo do
seu efeito e 0 quanto isso influencia na herdabilidade, € necessario um modelo
estatistico que inclua as variaveis de correlacdo e interacdo entre as variantes, o que
€ negligenciado em modelos de regressao tradicionais (MOORE; ASSELBERGS;
WILLIAMS, 2010).

Apesar do modelo “hypothesis-free” do GWAS ter possibilitado novas
associacdes de diversas variantes e vias biologicas com doengas e tragos complexos
(KITSIOS; ZINTZARAS, 2009), existem inumeros trabalhos de associacdo na
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literatura que investigam hipéteses funcionais a priori. A analise conjunta de variantes
em genes relacionados aos neurotransmissores que proporcionam sensacao de
recompensa apos a ingesta de alimentos palataveis e aqueles relacionados com a
reducdo do feedback homeostatico pode ser considerada uma analise de genes da
mesma rota com hipotese funcional. Considerando essa hipotese funcional, tais
estudos baseiam-se em proteinas envolvidas diretamente no metabolismo e funcéo
da dopamina e serotonina, como enzimas e receptores, e seus respectivos genes.

A dopamina € sintetizada no sistema nervoso central e periférico a partir da
tirosina por intermédio das enzimas tirosina hidroxilase, que converte a tirosina em L-
diidroxifenilalanina (L-DOPA), e L-aminoacido aroméatico descarboxilase (DOPA-
descarboxilase) que, por sua vez, converte a L-DOPA em dopamina (PURVES et al.,
2001). J& a serotonina é derivada do aminoacido essencial triptofano, cuja principal
fonte € proveniente da ingestao de proteinas. O transportador de aminoacidos neutros
e catibnicos SLC6A14 tem sido relacionado a sinalizacao para liberacdo de hormoénios
reguladores do apetite. O SLC6A14 € expresso no ileo, intestino grosso e em células
pancreaticas secretoras de polipeptidio pancreéatico e sua deficiéncia aumentou o
risco de obesidade em ratos com dieta com alto teor de gorduras comparado com
ratos selvagens (SIVAPRAKASAM et al., 2021). A hipotese é de que a presenca de
aminoacidos neutros e catidnicos, como o triptofano, ativariam as células que
expressam o SLC6A14, provocando a liberacdo de horménios anorexigenos (BHUTIA
et al., 2022).

Apbs absorcao, o triptofano é transportado para o tecido nervoso, onde sofre a
acdo da triptofano hidroxilase para produzir 5-hidroxitriptofano que, por fim, é
convertido em serotonina pela L-aminoacido aromatico descarboxilase. Apos a
sintese, 0s neurotransmissores sdo armazenados em vesiculas. Na presenca de um
potencial de acdo, ha um influxo de Ca?* que leva a fuséo das vesiculas a membrana
pré-sinaptica. Os neurotransmissores sao liberados na fenda sinéptica por exocitose,
onde se ligarédo a receptores especificos (PURVES et al., 2001).

Os receptores de dopamina pertencem a superfamilia de receptores acoplados
a proteina G e sao classificados em dois grupos de acordo com sua estrutura,
propriedades bioquimicas e farmacoldgicas: a classe de receptores D1, que engloba

os receptores D1 e D5, encontrados exclusivamente na membrana pds-sinaptica; e a
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classe D2, que integra os receptores D2, D3 e D4, que podem ser encontrados tanto
na membrana pos-sinaptica como na membrana pré-sinaptica (BEAULIEU,;
GAINETDINOV, 2011). A grande maioria dos receptores de serotonina também
pertence a superfamilia de receptores acoplados a proteina G e existem, ao todo, 14
subtipos de receptores de serotonina descritos, distribuidos em sete familias (5-HT-
7). A excecdo do receptor 5-HTsg, todos os demais receptores de serotonina sio
expressos no SNC. O subtipo 5-HT2s também pode ser encontrado em outros tecidos,
como figado, rins e coracdo (MCCORVY; ROTH, 2015).

Os receptores de dopamina e serotonina estédo envolvidos em diversas funcfes
no SNC, incluindo a regulacdo da ingestédo alimentar, que € mediada principalmente
pelos receptores D2 e 5-HT2c. Estudos realizados em humanos mostram que pessoas
obesas possuem uma menor quantidade de receptores D2 no corpo estriado, o que
também contribui para um aumento do consumo alimentar, e diversos estudos com
animais também demonstram a correlacdo entre o ganho de peso e menor quantidade
de receptores D2 (STICE et al., 2010a). J& a funcéo do receptor 5-HT2c de regulacdo
do balanco energético é bem reconhecida, sendo este alvo de muitos farmacos com
efeitos anorexigenos, como a lorcaserina, um agonista do receptor 5-HT2c (SMITH et
al., 2010). Além disso, como o receptor 5-HT2c € coexpresso em neurbnios
dopaminérgicos na area tegmental ventral (area do mesencéfalo envolvida no circuito
de recompensa), ha evidéncias de que também esteja envolvido no comportamento
alimentar hedonico (YAO et al., 2021).

A atividade sinaptica da dopamina e serotonina é finalizada através da
recaptacdo destes neurotransmissores pelo neurbnio terminal, por meio do
transportador de dopamina (DAT) nos neurdnios dopaminérgicos e do transportador
de serotonina (5-HTT) nos neurdnios serotoninérgicos. Ambos os transportadores
agem de forma Na*/Cl" dependente e regulam a concentracdo destes
neurotransmissores na fenda sinaptica. ApGs a recaptagdo, 0s neurotransmissores
sofrem degradacéo principalmente pelas enzimas monoaminooxigenase (MAO), que
atuam no catabolismo tanto da dopamina quanto da serotonina, e pela catecol-O-
metiltransferase (COMT), que est& envolvida na inativacdo da dopamina (BU, 2021;
SIEGEL et al., 1999).
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A MAO é expressa ha membrana externa das mitocondrias dos neurdnios e
células da glia, mas também em células de outros tecidos, como figado, rins e intestino
delgado (JONES; ANN, 2021). Duas isoformas da MAO foram identificadas e podem
ser diferenciadas por sua especificidade a diferentes substratos. A MAO-A age
principalmente no catabolismo da norepinefrina e serotonina, enquanto que a maior
parte do catabolismo da dopamina € realizada pela MAO-B (MEISER; WEINDL,
HILLER, 2013; SIEGEL et al., 1999). COMT também possui duas isoformas: a forma
solavel S-COMT, que é localizada principalmente nos tecidos periféricos, e M-COMT,
encontrada nas membranas do reticulo endoplasmatico rugoso das células do SNC
(MEISER; WEINDL; HILLER, 2013; SIEGEL et al., 1999). As proteinas envolvidas nas
sinalizagbes dopaminérgica e serotoninérgica, com seus respectivos genes e
variantes de interesse deste trabalho, estdo representadas respectivamente nas
Figuras 1 e 2.

DRD2
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Figura 1: Representacdo da sinalizagcdo dopaminérgica, demonstrando enzimas e receptores que

participam desta via, com seus respectivos genes e variantes estudadas neste trabalho.

A relacdo destas proteinas com ingestdo alimentar também é evidenciada
atraves de estudos moleculares e de associagcdo com variantes de seus respectivos

genes. Dentre as variantes descritas na literatura, destacam-se: MAOA u-VNTR,
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COMT Vall58Met; SLC6A3 3' UTR VNTR, SLC6A3 rs1048953, SLC6A4 HTTLPRS,
DRD2/ANKK1 TaglA, HTR2C rs3813928 (-997G/A), HTR2C rs3813929 (-759C/T),
SLC6A14 rs2071877, SLC6A14 rs12391221 e SLC6A14 rs2312054.
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Figura 2: Representacéo da sinalizag&o serotoninérgica, demonstrando enzimas e receptores que

participam desta via, com seus respectivos genes e variantes estudadas neste trabalho.

Em 1998, Sabol e colaboradores identificaram uma repeticdo em tandem de
namero variavel (VNTR — variable number tandem repeats) a 1,2 quilobases (kb) de
distancia acima da sequéncia codificante de MAOA, que mais tarde foi nomeada
MAOA u-VNTR. A sequéncia repetitiva desta variante funcional possui 30 pares de
base (pb) e os alelos podem conter 3, 3,5, 4 ou 5 repeticdes. Em estudo utilizando
transfeccdo génica em linhagens de células de neuroblastoma, os mesmos autores
demonstraram que os alelos com 3,5 ou 4 cépias (alelos de alta atividade) foram
expressos em niveis 2 a 10 vezes maiores que os alelos com 3 ou 5 copias (alelos de
baixa atividade) (SABOL; HU; HAMER, 1998). Em estudo conduzido com individuos
depressivos, portadores de um dos alelos de baixa atividade e com sintomas
depressivos de alta categoria consumiram mais alimentos nao-adocicados
hipercaloricos que os demais (AGURS-COLLINS; FUEMMELER, 2011). Diversos

estudos também relatam a associacao entre os alelos de baixa atividade com IMC e



20

obesidade (CAMARENA et al., 2004; DUCCI et al., 2006; FUEMMELER et al., 2008;
NEED et al., 2006; WALLMEIER et al., 2013).

COMT rs4680, também relatado na literatura como COMT Vall58Met, € uma
variante ndo sinénima presente no exon 4 do gene, com alteracdo de uma guanina
(G) para uma adenina (A). Esta variante refletiu na quantidade e atividade enzimatica,
sem alterar os niveis de mRNA, em estudo utilizando amostras de tecidos de cortex
pré-frontal coletados de 108 individuos post-mortem. Individuos com genétipo Met/Met
apresentaram menor atividade de COMT que os individuos com genotipo Val/Val, e
individuos Val/Met apresentaram fenotipo intermediario, o que sugere que o alelo Val
pode ter efeitos relativamente negativos na funcdo pré-frontal, devido a maior
degradacéo e, consequentemente, menor disponibilidade de dopamina (CHEN et al.,
2004). Esta relagéo também foi demonstrada em estudos de associagdo com ingestao
alimentar. De acordo com resultados do nosso grupo de pesquisa, em uma coorte de
354 criancas, houve um maior consumo de alimentos ricos em lipidios em criancas
portadoras do alelo Val comparado com homozigotas Met/Met (GALVAO et al., 2012).
Outro estudo relatou maior desejabilidade por alimentos em geral e por alimentos
considerados ndo saudaveis em individuos homozigotos Val/Val (WALLACE et al.,
2015).

O gene do transportador DAT, SLC6A3, possui um VNTR na regido 3' UTR que
comumente apresenta 9 (9R) ou 10 (10R) repeticbes de 40 pb, apesar de alelos de 3
a 11 repeticdes ja terem sido relatados (VANDENBERGH; PERSICO; UHL, 1992). O
gendtipo 10R/10R ja foi associado com maior ingestdo de alimentos ricos em lipidios
e energeticamente densos em criangas de 3 a 4 anos de idade (FONTANA et al.,
2015), com maior consumo de alimentos adocicados hipercaloricos em mulheres com
sintomas depressivos de alta categoria (AGURS-COLLINS; FUEMMELER, 2011), e
com maior IMC (AZZATO et al., 2009; EPSTEIN et al., 2002; GONZALEZ-GIRALDO;
TRUJILLO; FORERO, 2018). Outra variante presente no gene SLC6A3, a rs1048953,
estudada pelo nosso grupo de pesquisa, também foi associada ao consumo alimentar:
houve maior ingestdo energética diaria em criancas de 3 a 4 anos idade portadoras
do gendtipo T/T que as demais (FONTANA et al., 2015).

O SERT também possui uma variante na regido promotora em seu gene,
SLC6A4, que interfere na transcricdo. O SLC6A4 5-HTTLPR esta localizado a cerca
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de 1,5 kb acima do sitio de iniciacdo da transcricAo e consiste em uma
insercao/delecao de 44 pb, denominados alelos longo (L) e curto (S), respectivamente
(HEILS et al., 1996). A expressao do gene foi estudada utilizando linhagens celulares
de linfoblastos e descobriu-se que células portadoras do gendtipo L/L produziram 1,4
a 1,7 vezes mais mRNA que as demais, o que também se refletiu ao nivel de proteina
e atividade: houve uma maior captacdo de serotonina em células L/L que as demais
(LESCH et al., 1996). Apesar de resultados controversos, diversos estudos reportaram
associacdo desta variante com sobrepeso/obesidade, IMC e comportamento
alimentar (BONNET et al.,, 2017; BORKOWSKA et al.,, 2015; DIAS et al., 2016;
FUEMMELER et al., 2008; LAN et al., 2009; MARKUS; CAPELLO, 2012; MIRANDA
et al., 2017; SOOKOIAN et al., 2008; VAN STRIEN et al., 2016).

A TaglA é uma variante de nucleotideo Unico presente no exon 8 do gene
ANKK1, regido localizada a 10 kb abaixo do gene DRD2. O alelo C desta variante
contém um sitio de restricdo da enzima Taq | e € denominado alelo A2; jAo alelo T é
denominado alelo Al. Estudos realizados in vivo com individuos saudaveis
demonstraram que a presenca do alelo Al estd associada a uma menor
disponibilidade do receptor D2 no corpo estriado (JONSSON et al., 1999; THOMPSON
et al., 1997). Utilizando técnicas de neuroimagem funcional, portadores do alelo Al
apresentaram menor resposta em diversas areas cerebrais a exposi¢cao a alimentos
palataveis (FELSTED et al., 2010; STICE et al., 2008, 2010b), além de que vérios
relatos na literatura evidenciam a associacdo do alelo A1 com maior ingestdo de
carboidratos, lipidios e alimentos hipercaléricos (AGURS-COLLINS; FUEMMELER,
2011; BARNARD et al., 2009; CAMERON et al., 2013; FEISTAUER et al., 2018;
NOBLE et al., 1994).

Ratos deficientes do gene do receptor 2C de serotonina, HTR2C, apresentaram
descontrole do comportamento alimentar com consequente aumento de peso em
estudo realizado por Tecott e colaboradores (TECOTT et al., 1995). A expressao de
HTR2C demonstrou ser afetada por duas variantes funcionais presentes na regiao
promotora do gene: rs3813929 (-759C/T) e rs3813928 (-997G/A), sendo que as
células contendo os alelos C e A demonstraram menor atividade transcricional que as
demais (BUCKLAND et al., 2005). Ambos os polimorfismos ja foram associados com
ganho de peso induzido por antipsicoéticos (BAH et al., 2010; GODLEWSKA et al.,
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2009; OPGEN-RHEIN et al., 2010; POOLEY et al., 2004; VIMALESWARAN et al.,
2010; YUAN et al.,, 2000). Nosso grupo de pesquisa também identificou uma
associacao entre o alelo A da variante rs3813928 e do alelo T da variante rs3813929
com maior média de ingestao energética diaria, maior consumo de alimentos ricos em
lipidios e maior média de ingestéo energética diaria por quilograma em criancas de 3
a 4 anos de idade (MIRANDA et al., 2015), .

O gene SLC6A14 esta localizado em uma regido que ja foi previamente
associada com obesidade em estudo de ligacdo realizado com familias finlandesas
(OHMAN et al., 2000). O mesmo grupo de pesquisa também encontrou associagio
de variantes neste gene com obesidade (SUVIOLAHTI et al.,, 2003). Mais
recentemente, foi demonstrado que ratos deficientes de SLC6A14 ganharam mais
peso que ratos normais quando expostos a uma dieta rica em lipidios
(SIVAPRAKASAM et al., 2021). Trés variantes intronicas no gene SLC6A14 foram
estudadas pelo nosso grupo de pesquisa. Meninos de 7 a 8 anos portadores do alelo
C da variante rs2071877 tiveram maior soma das dobras cutaneas subescapular e
triciptal (MIRANDA et al., 2015); o mesmo alelo também foi associado com obesidade
e ingestdo alimentar em adultos de origem francesa (DURAND et al., 2004). J& em
relacdo as variantes rs2312054 e rs12391221, varios parametros de ingestao
alimentar foram maiores em criancas de 7 a 8 anos de idade portadoras do alelo A de
ambas as variantes, como maior consumo energético diario, maior consumo de
alimentos ricos em lipidios e maior consumo de alimentos energeticamente densos
(MIRANDA et al., 2015).
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2 JUSTIFICATIVA

A obesidade €, atualmente, um dos principais problemas de salde no mundo
todo. E um fator de risco importante para o desenvolvimento de varias doencas,
gerando prejuizo na qualidade de vida do paciente e na saude publica, uma vez que
0S custos para tratamento de comorbidades associadas a obesidade sdo elevados.

Apesar de existir tratamento para a obesidade, que consiste principalmente na
mudanca do estilo de vida, o resultado na maioria das vezes ndo € satisfatorio.
Controlar a alimentacdo e realizar atividade fisica, em um ambiente obesogénico,
demanda muito mais do esforco cognitivo do paciente do que seu préprio
metabolismo. Desse modo, tanto a perda, quanto a manutengéo do peso, tornam-se
um trabalho arduo e, muitas vezes, praticamente impossivel de ser realizado.

Conhecer como as variantes genéticas, associadas ao sistema de recompensa
alimentar, influenciam na ingestéo alimentar e como atuam em conjunto € importante
para que se possa entender mais a fundo a relacdo desta via com a obesidade e
embasar novos tratamentos. Estas variantes e seus efeitos, analisados de forma
conjunta, podem contribuir na determinacdo de parte da herdabilidade perdida da
obesidade, visto que sdo descritos em estudos de associacdo, porém nao foram
relatadas em GWAS. Alguns fatores tentam explicar este fato: as amostragens
utilizadas, talvez, ainda ndo tenham sido consideraveis o suficiente para alcancar um
nivel descritivo significante dessas variantes, algumas variantes possuem alelos com
baixas frequéncias nas popula¢des estudadas ou, ainda, que os desfechos clinicos
abordados ndo sejam os ideais ou tenham sido coletados com a precisdo necessaria
para detectar o efeito.

Portanto, uma analise integrativa dos resultados ja obtidos em estudos com
hipéteses funcionais, tanto pelo nosso grupo de pesquisa, como por outros grupos
que realizaram estudos de associacdo do genoma completo, demonstra-se
necessaria e, possivelmente essencial, para a maior compreensao dos mecanismos

relacionados a ingestdo alimentar e, consequentemente, a obesidade.
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3 OBJETIVOS

3.1 OBJETIVO GERAL

Analisar o efeito em conjunto de variantes genéticas relacionadas aos
sistemas dopaminérgico e serotoninérgico, SLC6A14 rs2071877, rs12391221 e
rs2312054; SLC6A4 5-HTTLPR; SLC6A3 3' UTR VNTR e rs1048953; HTR2C
rs3813928 e rs3813929; DRD2/ANKK1 TaqlA; COMT Vall58Met; MAOA u-VNTR, na
ingestéo alimentar de duas coortes de criangas analisadas aos 12 meses, 3 anos e 6

anos de idade.

3.2 OBJETIVOS ESPECIFICOS

— Gerar modelos de regressdo de minimos quadrados parciais (PLS — partial least
squares) para avaliar o efeito em conjunto das variantes genéticas, com sexo, etnia e
grupo de estudo original (controle/intervencado), na ingestao energética diaria média
de criancas aos 12 meses, 3 anos e 6 anos de idade e na ingestdo de alimentos com
alta densidade de acucar (ADA) e gordura (ADG) aos 3 e 6 anos de idade;

— Gerar modelos de regressédo PLS para avaliar o efeito em conjunto somente das
variantes genéticas na ingestao energética diaria média de criancas aos 12 meses, 3
anos e 6 anos de idade e na ingestdo de ADA e ADG aos 3 e 6 anos de idade;

— Simular os valores de ingestao energética diaria média das criancas cujos dados

nao foram utilizados para gerar os modelos (grupo de teste);

— Comparar os valores reais de ingestdo energética diaria média com os valores

simulados pelos modelos.
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ABSTRACT

Obesity is one of the major health issues worldwide and can lead to high
morbidity and mortality. One of the causes for the high prevalence of obesity is the
exposure to an obesogenic environment, leading to overconsumption of high palatable
food and decreased physical activities. However, not everyone exposed to an
obesogenic environment develops obesity, which means that a genetic background
may be involved. Dopamine and serotonin are neurotransmitters intimately involved in
hedonic eating and related genetic variants have been previously associated with
obesity and food intake. Yet, most of these studies only focus on the individual effect
of the variant, which tends to be very little in complex traits like obesity and food intake,
and fail on capturing more complex interactions like gene-gene. In this study we used
partial least squares (PLS) regression to analyze the joint effect of 11 dopamine and/or
serotonin related genetic variants on average daily energy intake, sugar-dense and
lipid-dense food in two cohorts of children followed until 6 years old and evaluated at
12 months, 3 years, and 6 years old. In our sample, the explained variability for daily
energy intake models ranged from 65.2 to 83%. Our results showed not only that these
dopamine and serotonin related variants are associated with daily energy of food
intake, but also demonstrate the contribution of the joint effect of the variants to the
outcome. To our knowledge, this is the first study using PLS regression to investigate

the influence of genetic variants on food intake in children.

Keywords: Dopamine. Energy intake. Genetic variation. Obesity. Serotonin.
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LIST OF ABBREVIATIONS

COVID-19 - Coronavirus Disease 2019

WHO - World Health Organization

VS - Ventral striatum

BOLD - Blood oxygenation level dependent

fMRI - Functional magnetic resonance imaging

DNA - Deoxyribonucleic acid

GRS - Genetic risk score

LDF - lipid-dense food

PLS - Partial least squares

PCA - Principal component analysis

SVD - Single Value Decomposition

NIPALS - Nonlinear Iterative Partial Least Squares

SLC6A14 - Solute carrier family 6 (amino acid transporter) member 14 gene
SLC6A4 - Solute carrier family 6 (neurotransmitter transporter) member 4 gene
5-HTTLPR - Serotonin transporter linked polymorphic region

SLCG6A3 - Solute carrier family 6 (neurotransmitter transporter) member 3 gene
SDF - sugar-dense food

3’ UTR - Three prime untranslated region

VNTR - Variable number tandem repeat

HTR2C - 5-hydroxytriptamine (serotonin) receptor 2C G protein-coupled gene
DRD2/ANKK1 - Dopamine receptor D2 and Ankyrin repeat and kinase domain
containing 1 genes

TaglA - Tagl A restriction fragment length polymorphism

COMT - Cathecol-O-methyltransferase gene

MAOA - Monoamine oxidase A gene

u-VNTR - Upstream variable number tandem repeat region

RS - Rio Grande do Sul

RFLP - Restriction fragment length polymorphism

PCR - Polymerase chain reaction

GWAS - Genome-wide association studies
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BMI - Body mass index
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1 INTRODUCTION

Obesity is a serious health condition associated with low quality of life and the
development of several diseases, like type 2 diabetes, hypertension, coronary artery
disease, and even some types of cancers (Gonzalez-Muniesa et al., 2017). More
recently, obesity has been shown to play a role in infections as well, increasing the risk
of severe forms of COVID-19 (Cummings et al., 2020). In the last decades, obesity has
become one of the biggest problems of public health worldwide. According to the World
Health Organization (WHO), about 39% of the world’s adult population were
overweight and 13% were obese in 2016. That represents 1,9 billion overweight and
650 million obese adults, almost the triple observed in 1975. In the same year, more
than 340 million children over the age of 5 and adolescents under the age of 19 were
overweight or obese, and in 2020 about 39 million children under the age of 5 were
obese (World Health Organization, 2021). In Brazil, the picture is even worse: more
than a half (60.3%) of adult Brazilians were overweight, in 2019, and 25.9% were
obese (Brasil/IBGE & Coordenagéo de trabalho e rendimento, 2020). In a systematic
review of the nutritional status of Brazilian children and adolescents, 17.1% and 10.7%
of children and adolescents between ages 6 and 18 years old were overweight and
obese, respectively, and in those studies that reported just an excess of weight, 25%
were overweight/obese (Pitanga et al., 2021).

Several factors contribute for the high prevalence of overweight and obesity,
such as increased consumption of energy-dense food, low physical activity,
socioeconomic factors, gender, age, and genetic factors. Easy access to inexpensive
highly palatable energy-dense food and less energy expenditure are the basis of the
obesogenic environment. Individuals exposed to an obesogenic environment can be
induced to follow a hedonistic diet, that can result in overweight and obesity by
overconsumption (Lee & Dixon, 2017; Ziauddeen et al., 2015). However, the literature
review suggests that individual genetic background may also be involved with
susceptibility for hedonistic diet habits (Jacob et al., 2018).

Dopamine and serotonin are neurotransmitters intimately involved in the
process of hedonic eating. Association studies have shown evidence that genetic

variants in dopamine and serotonin-related genes influence food response (Agurs-
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Collins & Fuemmeler, 2011; Sardahaee et al., 2017; Stice et al., 2008; Wallace et al.,
2015), body mass index (BMI) (Carr et al., 2013; Sookoian et al., 2007; Vimaleswaran
et al., 2010), and obesity (Azzato et al., 2009; Durand et al., 2004; Fuemmeler et al.,
2008; Need et al., 2008). Our research group has also found associations between
those variants with food intake and adiposity parameters in children (Feistauer et al.,
2018; Fontana et al., 2015; Galvao et al., 2012; Miranda et al., 2015, 2017).

Most of the association studies only focus on the individual effect of one genetic
variant, which tends to be very little in complex traits like obesity or food intake
behavior. Despite the effort that has been made to increase statistical power by
increasing the sample sizes on association studies, it is still challenging to assess
complex interactions such as gene-gene and gene-environment (Tam et al., 2019).
Some studies have been conducted to assess the joint effect of variants on food intake.
Nikolova et al. (2011) evaluated the impact of five dopamine related genetic variants
on the reward-related ventral striatum (VS) reactivity measured with blood oxygenation
level dependent (BOLD) imaging and functional magnetic resonance imaging (fMRI)
in adults, which corresponded to 10.9% of the inter-individual variability (Nikolova et
al., 2011). In a similar study, Stice et al. (2012) found that adolescents with a higher
number of dopamine related variants showed a higher BOLD signal in DNA-based
reward regions in response to palatable food receipt (Stice et al., 2012). In other study
carried out in a sample of 1,757 adolescents, Sardahaee et al. (2017) calculated a
genetic risk score (GRS) to assess the joint effect of obesity susceptibility variants on
disordered eating and found that the GRS was associated to uncontrolled
appetite/overeating in the total sample, and with overeating in 13 to 15 years old
adolescents (Sardahaee et al., 2017).

To assess more complex interactions, partial least squares (PLS) method is
briefly described. PLS is a multivariate regression technique which combines principal
component analysis (PCA) and multivariate regression to build a mathematical model
that predicts the value of a dependent variable, also known as output variables, based
on values of independent variables, also known as input variables (Varmuza &
Filzmoser, 2009). The main advantage in PLS is that it tries to remove the
multicollinearity between the input variables before the regression itself, resulting in a
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regression using a reduced space of independent variables, which results in models
that are numerically more robust (less influenced by measurement errors).

A recent literature review carried out by us did not find previous association
studies with the PLS regression technique for the evaluation of genetic susceptibility
of average daily energy intake in children. Therefore, in this study, we evaluated the
association of the joint effects of SLC6A14 rs2071877, rs12391221, and rs2312054,
SLC6A4 5-HTTLPR, SLC6A3 3' UTR VNTR and rs1048953, HTR2C rs3813928 and
rs3813929, DRD2/ANKK1 TaqlA, COMT Vall58Met, and MAOA u-VNTR genetic
variants on food intake of children at 12 months, 3 years, and 6 years old using this

integrative method.

2 METHODS

2.1 Samples:

The total sample was composed of 1,074 children of which we had information
about genetic variants (SLC6A14 rs2071877,rs12391221, and rs2312054, SLC6A4 5-
HTTLPR, SLC6A3 3' UTR VNTR and rs1048953, HTR2C rs3813928 and rs3813929,
DRD2/ANKK1 TaglA, COMT Vall58Met, and MAOA u-VNTR) and food intake data of
them at three different life stages (12 months, 3 and 6 years old). The data were
derived from two similar studies of our research group (Ferreira et al., 2019; Vitolo et
al., 2008).

The data of sample 1 comprise information about 359 children from Sao
Leopoldo-RS/Brazil, which were included in a randomized intervention, realized
between October 2001 and July 2002 (Vitolo et al., 2005). The authors aimed to
evaluate the impact of dietetical counseling on breastfeeding and the children's diet at
the first years of age. The children's food intake data were collected at 12 months, 3
and 6 years old. More details about the sample can be found at Louzada et al. (2012)
and Vitolo et al. (2010).

The sample 2 has information about 715 children of a cohort derived from a
cluster randomized field trial, realized between April 2008 and September 2009
(Bernardi et al., 2011). The aim of this research was to evaluate the impact of health

workers training about breastfeeding practice. The authors of this study recruited 715
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mother-child pairs at basic health units from Porto Alegre — RS/Brazil. The children's
biological sample and information about food intake were collected at 12 months, 3
and 6 years old (Chaffee et al., 2014; Sangalli et al., 2021).

Ethical approval to undertake this study was obtained from the Research Ethics
Committees of the institutions involved. All mothers of the children included in the
cohort signed an informed consent form when they were invited to participate of this

study.

2.2 Genetic variants analyses:

Genetic variant analyses of the sample 1 were performed in previous studies.
The genotypes were determined by conventional PCR followed by electrophoresis for
SLC6A4 5-HTTLPR (Miranda et al., 2017), SLC6A3 3'UTR VNTR (Fontana et al.,
2015), and MAOAU-VNTR (Galvao et al., 2012) polymorphisms; RFLP-PCR was used
for DRD2 TaqglA rs1800497 (Feistauer et al., 2018), and COMT rs4680 (Galvao et al.,
2012) polymorphisms and real-time PCR using TagMan© system was used for
SLC6A14 (rs2071877, rs12391221, rs2312054) and HTR2C (rs3813328, rs3813329)
polymorphisms (Miranda et al., 2015). The aim of these studies was to identify
individual associations between the genetic variants with food intake and
anthropometric parameters of children at three different stages of development. For
sample 2, similar analyses were conducted, but the results of the individual

associations were not published yet.

2.3 Outcome and independent variables:

For sample 1, we used average daily energy intake at the three ages, sugar-
dense food (SDF - 50% or more sugar per 100 g in the composition, e.g., soda, Jell-
O, candies and artificial juice) intake at 3 and 6 years old and lipid-dense food (LDF -
30% fat per 100 g, e.qg., fried pastries, cookies with fillings, cold cuts and sausages,
fried foods and chocolate) intake at 3 and 6 years old as outcomes, because of lack of
information about SDF and LDF of the children at 12 months. For sample 2, we used
average daily energy, SDF and LDF intake at the three ages as outcome. Information
regarding food intake was collected using two 24-hours dietary recalls at an interval of

15 to 30 days. The interviewers asked the mothers about all food and drink consumed
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by the children in the previous day, including details like food types, quantities, brands
and preparation methods. Food consumption mean of the two 24-hours dietary recalls
was used to estimate the average daily energy, SDF and LDF intake. Original study
group (control/intervention), sex, ethnicity, and genetic variants were used as

independent variables.

2.4 Data structuring and cleaning:

The data structuring and cleaning were performed using R software (R Core
Team, 2015). To optimize the sample size, subsets were created and correspond to
each outcome at the different life stages. Individuals with missing data of any
independent variable or outcome were excluded from the analysis. Individuals that had
SDF and/or LDF intake value equal to zero, that means, that did not ingest SDF or LDF
food on the original studies, were also excluded from the analysis. The subsets have
different sample sizes because of information losses throughout the original studies.

Also, for each subset, the sample 1 was randomly split in two groups: the
training group (75%) and the test group (25%), defined arbitrarily according with final
sample size of each subset. The training group sample was used for regression model
construction and the sample of test group was used for evaluation of the algorithm
generated from the PLS regression model. The sample 2 was entirely used for a novel
training model with the objective of replicating the findings of the sample 1. This sample
was not split in the training and test group because of the reduction of the final sample

size after data cleaning step.

2.5 Statistical analyses:

PLS regression models of average daily energy intake, SDF and LDF intake
were generated for each training group. These models were produced with data of
average daily energy, SDF and LDF intake of the three/two collections of each sample.
To evaluate the effect of the genetic variants alone on the outcome, we also generated
PLS regression models using only the genetic variants as independent variables of
each training group. The PLS regressions models and simulations with the test group
were performed using VRAnalyst software (Finkler et al., 2006).
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To evaluate whether there was difference between the real values of average
energy intake and those predicted by the algorithm generated from the models in PLS
regressions, we performed a paired sample T-test using the test group of sample 1.
For this comparison, we used the real values of the average daily energy, SDF and
LDF intake of each individual and their predicted values for the model with all
independent variables and the model with genetic variants alone. These analyses were
performed using SPSS software (SPSS, Chicago, IL, USA). A p value of <0.05 was
considered significant.

3 RESULTS

To evaluate the joint effects of the independent variables on the average daily
energy, SDF and LDF intake, we generated PLS regression models using information
about food intake and genetic variants of children at three different stages of
development (12 months, 3 years old and 6 years old). After data structuring and
exclusion of individuals with missing genotypic data, for the average daily energy
intake outcome, the total individuals of sample 1 subsets were 214 children at 12
months, 226 children at 3 years old and 199 children at 6 years old. Subsets of sample
2 consisted of a total of 141, 153 and 146 individuals at 12 months, 3 years old and 6
years old, respectively.

For sample 1, the models explained 68.9% (n = 214) of the average daily energy
intake variability of children at 12 months, 79.3% (n = 226) at 3 years old, and 83% (n
= 199) at 6 years old. When we evaluated the sample 2, the explained variability was
74% of the average daily energy intake of children at 12 months (n = 141), 81.7% (n =
153) at 3 years old and 80.9% (n = 146) at 6 years old. We also generated models to
assess the joint effect of the genetic variants alone for the same outcome, the
explained variability was 65.2% at 12 months, 77.1% at 3 years old and 80.3% at 6
years old for sample 1, and 68.7% at 12 months, 77.8% at 3 years old and 76.1% at 6

years old for sample 2 (Table 1).
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Table 1: Explained variability, mean error and number of components of average daily energy intake at

the three ages of children on both samples.

Explained variability = Mean error (kcal)  Components

Subsets : AlV oGV AlV oGV AV OGV
12 months  214*  68.9%  65.2% 250 287 9 5
Samplel 3yearsold 226* 79.3% 77.1% 252 287 9 6
6yearsold  199*  83%  80.3% 214 245 9 5
12 months 141 74%  68.7% 214 275 8 4
Sample 2 3 years old 153 81.7% 77.8% 222 265 7 6
6yearsold 146  80.9%  76.1% 282 359 9 6

n: sample size; AlV: all independent variables; OGV: only genetic variants; *the sample size corresponds

to the training group size, which is 75% of sample 1.

The explained variability of the models generated for SDF and LDF intake using
all independent variables and only genetic variants as independent variables, on the
two samples at each age, can be found at supplementary tables 1 and 2.

The comparison between real values of average daily energy, SDF and LDF
intake and the simulated values of these outcomes for each child resulted on no
significant difference between the real and the simulated values. The mean difference
of real and simulated values of all variables model and only genetic variants model of
average daily energy intake were, respectively: -73.93 and -24.29 kcal for 12 months,
-65.27 and -42.84 kcal for 3 years old, and 32.17 and 84.29 kcal for 6 years old, which
represents a percentage difference from the mean of the real values of average daily
energy intake of -8.23% and -2.71% for 12 months, -4.44% and 2.91% for 3 years old,
2.02% and 5.29% for 6 years old (Table 2). For SDF and LDF intake, the results of the

comparisons can be found at supplementary tables 3 and 4.

Table 2: Comparison between real and simulated values of average daily energy intake of sample 1 test

group by paired sample t-test.

n Mean (kcal)* SE Mean (kcal) %** p
12 All independent variables 72 -73.93 51.19 -8.23%  0.153
months Only genetic variants -24.29 52.56 -2.71%  0.645
3years All independent variables 76 -65.27 50.39 -4.44%  0.199
old Only genetic variants -42.84 44.99 -291% 0.344
6 years  All independent variables 32.17 53.60 2.02%  0.550
old Only genetic variants 84.29 55.68 5.29% 0.135

n: sample size; SE: standard error; *mean difference between real values and simulated values; **

percentage of the difference from the mean of the real values of average daily energy intake.
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4 DISCUSSION

In the present study, we used PLS regression as an integrative approach to
investigate the joint effects of those 11 dopamine and/or serotonin related genetic
variants on average daily energy intake in two cohorts of children at 12 months, 3
years, and 6 years old. Some genetic variants analyzed by us have already been
reported on individual association studies with outcomes related to food intake. In a
cross-sectional study with 1,551 individuals, it has been found that males homozygous
for DRD2/ANKK1 TaqlA*A2 allele consumed less of high-calorie non-sweet food than
heterozygous and A1 homozygous (Agurs-Collins & Fuemmeler, 2011). The
DRD2/ANKK1 TaqlA*A1 allele has also been associated with brain response at fMRI
to high palatable food (Felsted et al., 2010; Stice et al., 2008, 2010). More recently, a
cross-sectional study, conducted with 531 women from Iran, found that the group of
DRD2/ANKK1 TaqlA *A1 allele carriers had higher BMI and hedonic hunger than A2
homozygous group (Aliasghari et al., 2021). Regarding to COMT rs4680 (Val158Met),
*Val allele has been associated with higher desirability of “unhealthy” food (Wallace et
al., 2015). In addition, several studies reported that SLC6A4 5-HTTLPR, DRD2/ANKK1
TaqlA, MAOAu-VNTR, SLC6A14 rs2071877, SLC6A3 3' UTR VNTR, 5-HTR2C
rs3813929, and 5-HTR2C rs3813929 have also been associated to
obesity/overweight, weight gain and BMI (Azzato et al., 2009; Bah et al., 2010;
Carpenter et al., 2013; Ducci et al., 2006; Fuemmeler et al., 2008; Gonzalez-Giraldo
et al., 2018; Kring et al., 2009; Lan et al., 2009; Markus & Capello, 2012; Miller et al.,
2005; Need et al., 2008; Noble et al., 1994; Pooley et al., 2004; Reynolds et al., 2003;
Roth et al., 2013; Ryu et al., 2007; Schepers & Markus, 2017; Sookoian et al., 2007;
Spitz et al., 2000; Suviolahti et al., 2003; Templeman et al., 2005; Winkler et al., 2012).

In a GWAS meta-analysis of macronutrient intake conducted with more than
30,000 individuals, Chu et al. (2013) found an explained variance for carbohydrate,
protein and fat intake of 6.6%, 8% and 7.3% respectively (Chu et al., 2013). In another
GWAS of dietary patterns of almost 450,000 individuals, the largest explained variance
was 6.65% (Cole et al., 2020). A meta-analysis of GWAS for height and BMI in

approximately 700,000 individuals found an explained variance of approximately
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24.6% and 6.0% for height and BMI, respectively (Yengo et al., 2018). In the largest
GWAS conducted to date, the authors have found an explained variance of 2.6% in
1,331,010 individuals with insomnia (Jansen et al., 2019). Although GWAS have been
successfully associated more than 60,000 loci to many diseases and traits (MacArthur
et al., 2017), which is a huge contribution to the understanding of genetic variation of
common traits and genetic susceptibility of common diseases, it is still difficult to
explain most of the variance of common diseases and traits. Using GWAS summary
statistics, polygenic risk scores (PRS) are a widely used approach to estimate the
genetic risk of complex diseases and traits (Khera et al., 2018, 2019; Mavaddat et al.,
2019; Natarajan et al., 2017; Palla & Dudbridge, 2015; Song et al., 2021). PRSs are
calculated as the sum of the risk alleles carried by an individual for a certain phenotype,
weighted by their effect sizes (Konuma & Okada, 2021). However, since PRS are
based in additive genetic models and assume that the genetic variants are
independent, they don’t consider gene-gene or gene-environment interactions (Choi et
al., 2020; Lewis & Vassos, 2020). Alternative statistical methods are necessary to
investigate those interactions.

To our knowledge, this is the first study using PLS regression to investigate the
influence of genetic variants on food intake in children. With this method, we were able
to obtain an explained variability ranging from 65.2% to 83% for average daily energy
intake, which is a large proportion compared with other results reported for other
multivariate linear regression models. This result can be explained by the difference in
how the collinear independent variables are handled in PLS regression compared with
multivariate regression.

A general multivariate linear model is presented by y = by + b;.x; + by. x, +

«++ +bj.x; + -+ + by. Xy, + € (Equation 1); where y: is the independent variable (also
known as output variables), xo to xu: are the independent variables (also known as
input variables), bo to bm: are the regression coefficients, m: the number of variables,
e: the residual (error term). The residual, ¢, is defined by e = y — ¥ (Equation 2); where
y is the prediction of y by the model. The key point of the multivariate regression is to
estimate the bm coefficients of Equation 1 using a data set of observed values of xand
yeither by using analytical or by numerical methods (Konishi, 2014). The estimate of

bm coefficients is carried out minimizing the residuals (e presented in Equation 2),
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which is the difference between the observed output variables, y and the output
predicted by the model, §. Since in the multivariate regression a set of xand yvalues
are used, Equation 1 is usually written in its matrix form: ¥ = b. X + e (Equation 3);
where ¥ is the column vector of the output values’ observations of size /; b: is the
column vector of the coefficients of size m; X is the matrix of the independent variable
values’ observations of size mx £ e is the vector of the residual (errors) of the model.
After the regression the model of predicted Y, can be presented by Y = X.b (Equation
4). The most common and analytical form of estimating the vector b, is to solve using
the least squares method in the matrix form. The first step to this approach is to multiply
both sides of the Equation 4 by the transpose of matrix X, as presented X'.Y =
(XT.X).b  (Equation 5). Then, multiplying both sides of Equation 5 by (X7.X)"1,
where the exponent “-1” denotes the operation of matrix inversion. The solution of
Equation 5is b = (XT.X)~'.XT.Y (Equation 6). Estimating the coefficients of a linear
model using a linear regression have some limitations. When data from the
independent variables are highly correlated, the matrix (XT.X)~! may be difficult or
impossible to compute. The aforementioned problem may occur also when numerical
methods are used to compute the coefficients of the model. Also, even when the data
from independent variables are correlated and the inverse matrix (XT.X)™!, can be
calculated, the model estimation problem become very sensitive to errors in input
variables data. This means that within the resulting model, small measurement errors
in independent variables results in a wide range of model parameters, which
degenerates the model robustness for output variables’ prediction capability (Varmuza
& Filzmoser, 2009).

To avoid the problem of regression with correlated input variables, several
methods can be applied. The PLS method (Hoskuldsson, 1988) is an effective and
mathematically robust method to deal with the aforementioned problem. The main idea
of the PLS method is transform the independent variables data in a new space where
these data are not correlated using the PCA method. In a practical language, with the
application of the PCA method, if a data set of two or more independent variables are
correlated, they will be transformed in new data set of independent variables where
the resulting variables are not correlated. A graphical representation of the PCA
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transformation is presented at Figure 1, where a data set of three correlated variables
is transformed in a 1-dimension component. Then with the resulted uncorrelated data,
the estimation of the models’ parameter can be carried out using regression
techniques, e.g. estimating the parameters of the model, b, that minimizes the

difference between y and .

A X4
O g
O OO "‘——""‘—o O
0 05 |°
"""" (@)
0-©
X
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Figure 1: PCA method applied to a 3 variable data set resulting in a 1 component dimension.

Mathematically, the PLS regression is very simple. First the PCA technique is
applied to the X matrix decomposing it into the scores matrix, 7, and the loadings
matrix, P, as presented X = T.PT + E (Equation 7). The Tmatrix have a very powerful
mathematical property since they are orthogonal to each other, so any two score
vectors are uncorrelated. For this reason, it contains the maximum amount of
information of Xamong all matrices of the data of independent variables. The next step
for the PLS regression is the substitution of the X matrix from Equation 4, resulting in
Y=(T.PT).b+E,=T.g + E, (Equation 8); where g = (PT).b is the new coefficient
vector of Equation 8 that need to be estimated. Similarly, as Equation 6, the g vector
can be estimated using g = (TT.T)".TT.Y  (Equation 9). However, the vector g, is
not the original coefficient vector, and to obtain the original b vector it is necessary to
carry out the transformation b = P.g  (Equation 10). It is important to notice
that if the independent variable the data is correlated, the vector b, presented in

Equation 10 will not be same as vector b calculated from Equation 6, but using the b



418
419
420
421
422
423
424
425
426
427
428
429
430
431
432
433
434
435
436
437
438
439
440
441
442
443
444
445
446
447
448
449

41

calculated using Equation 9 and Equation 10 will result in a model with more
robustness.

Although the mathematical approach to PLS regression is simple, the main
issue in this method is the decomposition of the X matrix into the scores matrix, 7. It is
also important to choose the minimum number of the dimension that eliminates the
correlation between the data, but also avoid the loss of information within the data.
Several methods are presented by the literature to obtain the number of dimensions
and the T matrix appropriately, such as Jacobi Rotation, Single Value Decomposition
(SVD) and Nonlinear Iterative Partial Least Squares algorithm (NIPALS) (Varmuza &
Filzmoser, 2009).

In this study we evaluated genetic variants of related pathways, that have been
previously associated with either food intake, BMI or other related phenotypes, in an
integrative method to evaluate the joint effect of those variants on food intake. To do
so, we used PLS regression, which is a method that reduces dimensionality while deals
with multicollinearity. These may justify the explained variability obtained on our
average daily energy intake models. Our method also allowed us to simulate the
average daily energy, SDF and LDF intake from the algorithm generated with the PLS
models, using the genotypic data of the test group. The simulated values had no
statistically significant difference from the real values, with a difference from the mean
of the real values ranging from -8.23% to 5.29% for average daily energy intake. For
SDF and LDF intake outcomes of sample 1, the models with all independent variables
and only genetic variants explained from 43.1% to 59.3% of the variability of children
at 3 years and 6 years old, that was less than the average daily energy intake at the
three ages. This can be elucidated by the possibility that the subjects, under parents
control, might not have access to food freely, especially the ones that are known to be
“‘unhealthy”. For sample 2, the explained variability of SDF and LDF intake ranged from
50.1% to 96.1%. Although the effect of dopamine and serotonin related genetic
variants could be expected to be higher for palatable food intake outcomes, such as
SDF and LDF intake, there’s a limitation that must be taken to account. As subjects
that did not ingest any kind of SDF or LDF food were excluded from the analyses, the
sample size of SDF and LDF intake of sample 2 resulted to be small. The highest

explained variability of SDF and LDF intake of sample 2 were exactly of children at 12
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months, which had the smallest sample size. In addition, the overall sample size was
limited, so the results must be interpreted with caution. We recommend further work
with larger sample sizes, other genes, and other outcomes to better evaluate the
reproducibility of this method in association studies of genetic variants with complex
traits or diseases.

Our study showed that serotonin and dopamine related genetic variants are
associated with daily energy food intake in our samples and strengthens the idea of
the contribution of the joint effects of these variants to the extent of the variation. These
findings help to increase our knowledge on the genetic influence on obesity
mechanism, mediated by complex interactions of genetic variants that can modulate
the food intake pattern. This knowledge can be further widened and applied in early
interventions to prevent obesity in individuals showing a genetic risk of dysregulated
feeding behavior, besides the possibility of new personalized therapies as
psychological managements and the implementation of health food intake environment
for the children. Therefore, we highlight the importance of future investigation towards
the understanding of the complex genetic interactions not only of obesity development,

but also other related complex phenotypes.
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5 DISCUSSAO

A obesidade é uma condicdo altamente heterogénea, portanto € necessario
compreender cada aspecto para melhor manejo dos pacientes. A ativacao do sistema
de recompensa é um fator preponderante na regulacdo da ingestdo alimentar, que
modera o ganho de peso. Trabalhos recentes tém demonstrado que esta rota exerce
influéncia na obesidade poligénica e também monogénica, uma vez que variantes que
contribuem com o risco da obesidade poligénica podem influenciar na expressao de
variantes monogénicas (CHAMI et al., 2020; LOOS; YEO, 2021)

Estudos com hipéteses funcionais, que foram realizados anteriormente pelo
Nnosso grupo de pesquisa, investigaram as associacdes de cada variante genética
avaliada neste trabalho, individualmente, com ingestdo alimentar e parametros de
adiposidade em criancas (FEISTAUER et al., 2018; FONTANA et al., 2015; GALVAO
et al., 2012; MIRANDA et al., 2015, 2017). Deste modo, as variantes incluidas no
modelo de andlise ja haviam sido associadas com desfechos relacionados a ingestéao
alimentar previamente nesta amostra. No entanto, considerando que a ingestao
alimentar é uma caracteristica complexa, a avaliagcdo da associacdo de variacdes
genéticas em conjunto, assim como suas interacdes, pode representar um panorama
mais fidedigno da contribuicdo genética dos genes relacionados aos sistemas
dopaminérgico e serotoninérgico na ingestao alimentar de criancas em diferentes
etapas do desenvolvimento. Para esta avaliacdo, ndés aplicamos o método de
regressdo PLS, uma metodologia de analise ainda n&do utilizada para avaliagdo de
variantes genéticas com este desfecho.

A regresséo PLS foi desenvolvida nos anos 60 com a finalidade de resolver
problemas como dados com pouca amostra e multicolinearidade em regressdes
multiplas no campo da econometria, sendo nos dias atuais amplamente utilizada pela
guimiometria (PIROUZ, 2006). O objetivo da regressdo PLS €, principalmente,
predizer uma ou mais variaveis dependentes, ou variaveis resposta, a partir de um
conjunto de variaveis independentes, ou variaveis preditoras, através da reducéo das
variaveis preditoras a um menor grupo de componentes ndo correlacionados (ABDI,
2007). Nos utilizamos como variaveis preditoras os dados das variantes genéticas,

sexo, etnia e grupo de estudo original (caso/controle) e, como variaveis resposta, a
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ingestao energética diaria média nas trés idades, ingestdo de alimentos com alto teor
de acucar (ADA — mais de 50% da composicao) e alimentos com alto teor de gordura
(ADG — mais de 30% da composicdo) aos 3 e 6 anos de idade. Também foram
gerados os mesmos modelos utilizando somente os dados das variantes genéticas
como variaveis preditoras. Em geral, as variaveis preditoras utilizadas permitiram um
ajuste de modelo que explicou de 65,2% a 83% da variacdo da ingestdo energética
diaria média na nossa amostra. Para os demais desfechos, ADA e ADG, os modelos
nao ficaram bem ajustados, sendo que a variagdo explicada nos modelos ficou entre
24 e 54,2%.

Alguns fatores devem ser considerados na interpretacdo dos nossos
resultados. A partir de uma revisao na literatura, ndo localizamos outros trabalhos que
tenham utilizado a regressao PLS para investigar o efeito em conjunto de variantes
genéticas na ingestdo alimentar de criancas. Desta forma, os dados devem ser
interpretados com cautela, porém, a simulacdo dos valores de ingestdo energética
diaria média, a partir dos genaétipos das criancas no subgrupo teste, demonstrou que
os valores preditos foram similares aos valores reais, pois ndo houve diferenga
estatisticamente significante, o que indicaria a boa precisdo dos modelos. Esta
avaliacdo evidencia que, para este desfecho, nesta amostra, a regressao PLS foi um
bom modelo preditor para analise de multiplas variantes genéticas em conjunto.

Recentemente, apesar de ainda serem realizados, os estudos de associacgao,
que utilizam hipotese funcional, perderam forca diante dos estudos de genoma amplo.
No entanto, a partir dos GWAS os dados tém sido gerados em uma velocidade maior
do que a capacidade de analisa-los. De fato, os GWAS sdo de grande relevancia,
principalmente, para revelar novos loci e novas vias biologicas para o desfecho
analisado. Entretanto, as evidéncias emergidas dos estudos com hipotese funcional
nao devem ser ignoradas. Se faz cada vez mais necessario o desenvolvimento de
novos métodos de andlise dos dados ja obtidos, tanto com GWAS como estudos com
hipdtese funcional, para avancarmos no conhecimento dos mecanismos das doencas
e caracteristicas complexas.

O método de analise aplicado, neste estudo, pode ser util para analise
comprobatéria, conjunta, de variantes genéticas que ja possuem indicios de que

estejam associadas a um fenétipo. Essa analise conjunta teria aplicacdes importantes,
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principalmente, nas areas de estudo em farmacogenética e nutrigenética, para a
predicdo de respostas quantitativas ao efeito conjunto de variantes ja conhecidas e
associadas previamente. No entanto, ressaltamos que mais estudos, com outros
desfechos e conjuntos de variantes, devem ser realizados para avaliar a aplicabilidade
da regressdo PLS na analise de associacdo de mudltiplas variantes genéticas com

caracteristicas complexas.

6 REFERENCIAS

ABDI, H. Partial Least Square Regression. In: SALKIND, N. (Ed.). . Encyclopedia of
Measurement and Statistics. Thousand Oaks (CA): Sage, 2007.

AGURS-COLLINS, T.; FUEMMELER, B. F. Dopamine polymorphisms and depressive
symptoms predict foods intake. Results from a nationally representative sample.
Appetite, v. 57, n. 2, p. 339-348, out. 2011.

ALBUQUERQUE, D. et al. The contribution of genetics and environment to obesity.
British Medical Bulletin, v. 123, n. 1, p. 159-173, 1 set. 2017.

ANDOLFI, C.; FISICHELLA, P. M. Epidemiology of Obesity and Associated
Comorbidities. Journal of Laparoendoscopic and Advanced Surgical Techniques,
v. 28, n. 8, p. 919-924, 2018.

APOVIAN, C. M. Obesity: definition, comorbidities, causes, and burden. The
American journal of managed care, v. 22, n. 7, p. s176—-s185, 2016.

AZZATO, E. M. et al. SLC6A3 and body mass index in the prostate, lung, colorectal

and ovarian cancer screening trial. BMC Medical Genetics, v. 10, p. 1-9, 20009.

BAH, J. et al. Further exploration of the possible influence of polymorphisms in HTR2C
and 5HTT on body weight. Metabolism, v. 59, n. 8, p. 1156-1163, ago. 2010.

BARNARD, N. D. et al. D2 dopamine receptor TaglA polymorphism, body weight, and
dietary intake in type 2 diabetes. Nutrition, v. 25, n. 1, p. 58-65, jan. 2009.



56

BEAULIEU, J.-M.; GAINETDINOV, R. R. The Physiology, Signaling, and
Pharmacology of Dopamine Receptors. Pharmacological Reviews, v. 63, n. 1, p.
182-217, mar. 2011.

BHUTIA, Y. D. et al. Unconventional Functions of Amino Acid Transporters: Role in
Macropinocytosis  (SLC38A5/SLC38A3) and Diet-Induced Obesity/Metabolic
Syndrome (SLC6A19/SLC6A14/SLC6A6). Biomolecules, v. 12, n. 2, 2022.

BONNET, G. et al. Serotonin-transporter promoter polymorphism modulates the ability
to control food intake: Effect on total weight loss. Molecular Nutrition & Food
Research, v. 61, n. 11, p. 1700494, nov. 2017.

BORKOWSKA, A. et al. Effect of the 5-HTTLPR polymorphism on affective
temperament, depression and body mass index in obesity. Journal of Affective
Disorders, v. 184, p. 193-197, 2015.

BRASIL. MINISTERIO DA SAUDE. Vigitel Brasil 2017: Vigilancia de Fatores de
Risco e Protegao para Doengas Cronicas por Inquérito Teleféonico. Brasilia:
Ministério da Saude, 2018.

BREEN, F. M.; PLOMIN, R.; WARDLE, J. Heritability of food preferences in young
children. Physiology & behavior, v. 88, n. 4-5, p. 443-447, jul. 2006.

BU, M. Dynamic control of the dopamine transporter in neurotransmission and

homeostasis. npj Parkinson’s Disease, 2021.

BUCKLAND, P. R. et al. Low Gene Expression Conferred by Association of an Allele
of the 5-HT 2C Receptor Gene With Antipsychotic-Induced Weight Gain. American
Journal of Psychiatry, v. 162, n. 3, p. 613-615, mar. 2005.

BURGHES, A. H. M. GENETICS: The Land Between Mendelian and Multifactorial
Inheritance. Science, v. 293, n. 5538, p. 2213-2214, 21 set. 2001.

CAMARENA, B. et al. Family-based association study between the monoamine
oxidase A gene and obesity: Implications for psychopharmacogenetic studies.
Neuropsychobiology, v. 49, n. 3, p. 126-129, 2004.



57

CAMERON, J. D. et al. The TaglA RFLP is associated with attenuated intervention-
induced body weight loss and increased carbohydrate intake in post-menopausal
obese women. Appetite, v. 60, n. 1, p. 111-116, 2013.

CHAMI, N. et al. The role of polygenic susceptibility to obesity among carriers of
pathogenic mutations in MC4R in the UK Biobank population. PLOS Medicine, v. 17,
n. 7, p. e1003196, 21 jul. 2020.

CHEN, J. et al. Functional analysis of genetic variation in catechol-O-
methyltransferase (COMT): Effects on mrna, protein, and enzyme activity in
postmortem human brain. American Journal of Human Genetics, v. 75, n. 5, p. 807—
821, 2004.

DE LEEUW, A. J. M. et al. Obesity and its impact on COVID-19. Journal of Molecular
Medicine, v. 99, n. 7, p. 899-915, 2021.

DEHGHAN, A. Genome-Wide Association Studies. In: Methods in Molecular
Biology. [s.l: s.n.]. v. 1793, p. 37-49, 07 jun. 2018.

DIAS, H. et al. Association of polymorphisms in 5-HTT (SLC6A4) and MAOA genes
with measures of obesity in young adults of Portuguese origin. Archives of
Physiology and Biochemistry, v. 122, n. 1, p. 8-13, 2016.

DUCCI, F. et al. A functional polymorphism in the MAOA gene promoter (MAOA-LPR)
predicts central dopamine function and body mass index. Molecular Psychiatry, v.
11, n. 9, p. 858-866, 2006.

DURAND, E. et al. Polymorphisms in the amino acid transporter solute carrier family 6
(neurotransmitter transporter) member 14 gene contribute to polygenic obesity in
French Caucasians. Diabetes, v. 53, n. 9, p. 2483-2486, 2004.

EICHLER, E. E. et al. Missing heritability and strategies for finding the underlying

causes of complex disease. Nature Reviews Genetics, v. 11, n. 6, p. 446—-450, 2010.

ELKS, C. E. et al. Variability in the Heritability of Body Mass Index: A Systematic
Review and Meta-Regression. Frontiers in Endocrinology, v. 3, 2012.



58

EPSTEIN, L. H. et al. Dopamine Transporter Genotype as a Risk Factor for Obesity in
African-American Smokers. Obesity Research, v. 10, n. 12, p. 1232-1240, dez. 2002.

FEISTAUER, V. et al. Evaluation of association of DRD2 taqglA and-141C InsDel
polymorphisms with food intake and anthropometric data in children at the first stages

of development. Genetics and Molecular Biology, v. 41, n. 3, p. 562-569, 2018.

FELSTED, J. A. et al. Genetically determined differences in brain response to a primary
food reward. Journal of Neuroscience, v. 30, n. 7, p. 2428-2432, 2010.

FONTANA, C. et al. DRD4 and SLC6A3 gene polymorphisms are associated with food
intake and nutritional status in children in early stages of development. Journal of
Nutritional Biochemistry, v. 26, n. 12, p. 1607-1612, 2015.

FRAYLING, T. M. et al. A Common Variant in the FTO Gene Is Associated with Body
Mass Index and Predisposes to Childhood and Adult Obesity. Science, v. 316, n. 5826,
p. 889-894, 11 maio 2007.

FUEMMELER, B. F. et al. Genes implicated in serotonergic and dopaminergic
functioning predict BMI categories. Obesity, v. 16, n. 2, p. 348—-355, 2008.

GALVAO, A. C. S. et al. Association of MAOA and COMT gene polymorphisms with
palatable food intake in children. Journal of Nutritional Biochemistry, v. 23, n. 3, p.
272-277, 2012.

GENIN, E. Missing heritability of complex diseases: case solved? Human Genetics,
v. 139, n. 1, p. 103-113, 2019.

GODLEWSKA, B. R. et al. Olanzapine-induced weight gain is associated with the -
759C/T and -697G/ C polymorphisms of the HTR2C gene. Pharmacogenomics
Journal, v. 9, n. 4, p. 234-241, 2009.

GONZALEZ-GIRALDO, Y.; TRUJILLO, M. L.; FORERO, D. A. Two dopaminergic
genes, DRD4 and SLC6AS3, are associated with body mass index in a Colombian
sample of young adults. Archives of Physiology and Biochemistry, v. 124, n. 4, p.
330-334, 2018.



59

GONZALEZ-MUNIESA, P. et al. Obesity. Nature Reviews Disease Primers, v. 3, n.
1, p. 17034, 15 dez. 2017.

HASSELBALCH, A. L. et al. Studies of twins indicate that genetics influence dietary
intake. Journal of Nutrition, v. 138, n. 12, p. 2406-2412, 2008.

HEILS, A. et al. Allelic variation of human serotonin transporter gene expression.
Journal of Neurochemistry, v. 66, n. 6, p. 2621-2624, 1996.

HEWAGALAMULAGE, S. D. et al. Stress, cortisol, and obesity: a role for cortisol
responsiveness in identifying individuals prone to obesity. Domestic Animal
Endocrinology, v. 56, p. S112-S120, 2016.

HILL, J. O.; WYATT, H. R.; MELANSON, E. L. GENETIC AND ENVIRONMENTAL
CONTRIBUTIONS TO OBESITY. Medical Clinics of North America, v. 84, n. 2, p.
333-346, mar. 2000.

IBGE. Pesquisa de orcamentos familiares 2008-2009: antropometria e estado
nutricional de criancas, adolescentes e adultos no Brasil. Rio de Janeiro: Instituto

Brasileiro de Geografia e Estatistica, 2010.

JAMES, W. P. T. WHO recognition of the global obesity epidemic. International
Journal of Obesity, v. 32, p. S120-S126, 2008.

JONES, D. N.; ANN, M. The role of monoamine oxidase enzymes in the
pathophysiology of neurological disorders. Journal of Chemical Neuroanatomy, v.
114, p. 1-13, jul. 2021.

JONSSON, E. G. et al. Polymorphisms in the dopamine D2 receptor gene and their
relationships to striatal dopamine receptor density of healthy volunteers. Molecular
Psychiatry, v. 4, n. 3, p. 290-296, 1 maio 1999.

KESKITALO, K. et al. Genetic and environmental contributions to food use patterns of

young adult twins. Physiology & Behavior, v. 93, n. 1-2, p. 235-242, jan. 2008.

KITSIOS, G. D.; ZINTZARAS, E. Genome-wide association studies: hypothesis-“free”



60

or “engaged”? Translational Research, v. 154, n. 4, p. 161-164, out. 2009.

LAN, M. Y. et al. Serotonin transporter gene promoter polymorphism is associated with
body mass index and obesity in non-elderly stroke patients. Journal of
Endocrinological Investigation, v. 32, n. 2, p. 119-122, 2009.

LEIGH, S. J.; MORRIS, M. J. The role of reward circuitry and food addiction in the
obesity epidemic: An update. Biological Psychology, v. 131, p. 31-42, 2018.

LESCH, K.-P. et al. Association of Anxiety-Related Traits with a Polymorphism in the
Serotonin Transporter Gene Regulatory Region. Science, v. 274, n. 5292, p. 1527—-
1531, 29 nov. 1996.

LIU, J. et al. Genetic and environmental influences on nutrient intake. Genes and
Nutrition, v. 8, n. 2, p. 241-252, 2013.

LOOS, R. J. F.,; YEO, G. S. H. The genetics of obesity: from discovery to biology.
Nature Reviews Genetics, v. 0123456789, 2021.

MARKUS, C. R.; CAPELLO, A. E. M. Contribution of the 5-HTTLPR gene by
neuroticism on weight gain in male and female participants. Psychiatric Genetics, v.
22,n. 6, p. 279-285, 2012.

MCCORVY, J. D.; ROTH, B. L. Structure and function of serotonin G protein-coupled

receptors. Pharmacology and Therapeutics, v. 150, jun. 2015.

MEISER, J.; WEINDL, D.; HILLER, K. Complexity of dopamine metabolism. Cell
Communication and Signaling, v. 11, n. 1, p. 34, 17 dez. 2013.

MERINO, J. et al. Genome-wide meta-analysis of macronutrient intake of 91,114
European ancestry participants from the cohorts for heart and aging research in
genomic epidemiology consortium. Molecular Psychiatry, v. 24, n. 12, p. 1920-1932,
2019.

MIRANDA, R. C. K. et al. SLC6A14 and 5-HTR2C polymorphisms are associated with

food intake and nutritional status in children. Clinical Biochemistry, v. 48, n. 18, p.



61

1277-1282, 2015.

MIRANDA, R. C. K. et al. Biallelic and triallelic approaches of 5-HTTLPR polymorphism
are associated with food intake and nutritional status in childhood. Journal of
Nutritional Biochemistry, v. 43, p. 47-52, 2017.

MITCHELL, N. S. et al. Obesity: Overview of an Epidemic. Psychiatric Clinics of
North America, v. 34, n. 4, p. 717-732, 17 dez. 2011.

MOORE, J. H.; ASSELBERGS, F. W.; WILLIAMS, S. M. Bioinformatics challenges for
genome-wide association studies. Bioinformatics, v. 26, n. 4, p. 445-455, 2010.

MURAMATSU, M.; OKUDA, A.; OKAZAKI, Y. Genomic aspects of common diseases.
Biochemical and Biophysical Research Communications, v. 452, n. 2, p. 211-212,
2014.

NEED, A. C. et al. Obesity is associated with genetic variants that alter dopamine
availability. Annals of Human Genetics, v. 70, n. 3, p. 293-303, 2006.

NOBLE, E. P. et al. D2 dopamine receptor gene and obesity. International Journal
of Eating Disorders, v. 15, n. 3, p. 205-217, 1994.

OHMAN, M. et al. Genome-wide scan of obesity in finnish sibpairs reveals linkage to
chromosome Xqg24. Journal of Clinical Endocrinology and Metabolism, v. 85, n. 9,
p. 3183-3190, 2000.

OPGEN-RHEIN, C. et al. Association of HTR2C, but not LEP or INSIG2, genes with
antipsychotic-induced weight gain in a German sample. Pharmacogenomics, v. 11,
n. 6, p. 773-780, 2010.

PIROUZ, D. M. An Overview of Partial Least Squares. SSRN Electronic Journal, v.
4, n. April, p. 1-55, 2006.

POOLEY, E. C. et al. A 5-HT2C Receptor Promoter Polymorphism (HTR2C -759C/T)
Is Associated with Obesity in Women, and with Resistance to Weight Loss in

Heterozygotes. American Journal of Medical Genetics - Neuropsychiatric



62

Genetics, v. 126 B, n. 1, p. 124-127, 2004.

PRICE, A. L.; SPENCER, C. C. A.; DONNELLY, P. Progress and promise in
understanding the genetic basis of common diseases. Proceedings of the Royal
Society B: Biological Sciences, v. 282, n. 1821, p. 20151684, 22 dez. 2015.

PURVES, D. et al. Neuroscience. 2nd edition. 2nd. ed. Sunderland: Sinauer
Associates, 2001.

SABOL, S. Z.; HU, S.; HAMER, D. A functional polymorphism in the monoamine
oxidase A gene promoter. Human Genetics, v. 103, n. 3, p. 273-279, 1998.

SIEGEL, G. J. et al. Basic Neurochemistry: Molecular, Cellular and Medical

Aspects. 6. ed. Philadelphia: Lippincott-Raven, 1999.

SILVENTOINEN, K. et al. The genetic and environmental influences on childhood
obesity: A systematic review of twin and adoption studies. International Journal of
Obesity, v. 34, n. 1, p. 29-40, 2010.

SIVAPRAKASAM, S. et al. SLC6A14 deficiency is linked to obesity, fatty liver, and
metabolic syndrome but only under conditions of a high-fat diet. Biochimica et

Biophysica Acta - Molecular Basis of Disease, v. 1867, n. 5, p. 1-10, 2021.

SMITH, A. D. et al. Genetic and environmental influences on food preferences in

adolescence. American Journal of Clinical Nutrition, v. 104, n. 2, p. 446-453, 2016.

SMITH, S. R. et al. Multicenter, Placebo-Controlled Trial of Lorcaserin for Weight
Management. New England Journal of Medicine, v. 363, n. 3, p. 245-256, 15 jul.
2010.

SOOKOIAN, S. et al. Contribution of the functional 5-HTTLPR variant of the SLC6A4
gene to obesity risk in male adults. Obesity, v. 16, n. 2, p. 488-491, 2008.

SPELIOTES, E. K. et al. Association analyses of 249,796 individuals reveal 18 new
loci associated with body mass index. Nature Genetics, v. 42, n. 11, p. 937-948, 10
nov. 2010.



63

STICE, E. et al. Relation between obesity and blunted striatal response to food is
moderated by TaglA Al allele. Science, v. 322, n. 5900, p. 449-452, 2008.

STICE, E. et al. Reward circuitry responsivity to food predicts future increases in body
mass: Moderating effects of DRD2 and DRD4. Neurolmage, v. 50, n. 4, p. 1618-1625,
maio 2010.

STICE, E. et al. Dopamine-based reward circuitry responsivity, genetics, and

overeating. Current topics in behavioral neurosciences, v. 6, p. 81-93, nov. 2011.

STICE, E. et al. The contribution of brain reward circuits to the obesity epidemic.

Neuroscience and Biobehavioral Reviews, v. 37, n. 9, p. 2047-2058, nov. 2013.

SUVIOLAHTI, E. et al. The SLC6A14 gene shows evidence of association with obesity.
Journal of Clinical Investigation, v. 112, n. 11, p. 1762-1772, 1 dez. 2003.

TANAKA, T. et al. Genome-wide meta-analysis of observational studies shows
common genetic variants associated with macronutrient intake. American Journal of
Clinical Nutrition, v. 97, n. 6, p. 1395-1402, 2013.

TECOTT, L. H. et al. Eating disorder and epilepsy in mice lacking 5-HT2C serotonin
receptors. Nature, v. 374, n. 6522, p. 542-546, abr. 1995.

THOMPSON, J. et al. D2 dopamine receptor gene (DRD2) Tagl A polymorphism:
reduced dopamine D2 receptor binding in the human striatum associated with the Al

allele. Pharmacogenetics, v. 7, n. 6, p. 479-484, dez. 1997.

TYLER, A. L. et al. Shadows of complexity: what biological networks reveal about
epistasis and pleiotropy. BioEssays, v. 31, n. 2, p. 220-227, fev. 2009.

VAN GALEN, K. A. et al. The role of central dopamine and serotonin in human obesity:
lessons learned from molecular neuroimaging studies. Metabolism: Clinical and
Experimental, v. 85, p. 325-339, 2018.

VAN STRIEN, T. et al. Emotional eating as a mediator between depression and weight
gain. Appetite, v. 100, p. 216-224, 2016.



64

VANDENBERGH, D. J.; PERSICO, A. M.; UHL, G. R. A human dopamine transporter
cDNA predicts reduced glycosylation, displays a novel repetitive element and provides
racially-dimorphic Tagl RFLPs. Molecular Brain Research, v. 15, n. 1-2, p. 161-166,
set. 1992.

VIMALESWARAN, K. S. et al. Association between serotonin 5-HT-2C receptor gene
(HTR2C) polymorphisms and obesity-and mental health-related phenotypes in a large
population-based cohort. International Journal of Obesity, v. 34, n. 6, p. 1028-1033,
2010.

WALLACE, D. L. et al. Genotype status of the dopamine-related catechol-O-
methyltransferase (COMT) gene corresponds with desirability of “unhealthy” foods.
Appetite, v. 92, n. 74-80, 2015.

WALLMEIER, D. et al. Genetic modulation of the serotonergic pathway: Influence on
weight reduction and weight maintenance. Genes and Nutrition, v. 8, n. 6, p. 601—
610, 2013.

WARDLE, J. et al. Evidence for a strong genetic influence on childhood adiposity
despite the force of the obesogenic environment. American Journal of Clinical
Nutrition, v. 87, n. 2, p. 398-404, 2008.

WORLD HEALTH ORGANIZATION (WHO). Obesity and overweight. Disponivel em:
<https://www.who.int/en/news-room/fact-sheets/detail/obesity-and-overweight>.

Acesso em: 6 out. 2019.

YABUT, J. M. et al. Emerging Roles for Serotonin in Regulating Metabolism: New
Implications for an Ancient Molecule. Endocrine Reviews, v. 40, n. 4, p. 1092-1107,
2019.

YANOVSKI, J. A. Pediatric obesity: An introduction. Appetite, v. 93, p. 3-12, 1 out.
2015.

YAO, T. et al. Central 5-HTR2C in the Control of Metabolic Homeostasis. Frontiers in
Endocrinology, v. 12, n. July, p. 1-12, 21 jul. 2021.



65

YENGO, L. et al. Meta-analysis of genome-wide association studies for height and
body mass index in ~700 000 individuals of European ancestry. Human Molecular
Genetics, v. 27, n. 20, p. 3641-3649, 2018.

YUAN, X. et al. Identification of polymorphic loci in the promoter region of the serotonin
5-HT(2c) receptor gene and their association with obesity and Type Il diabetes.
Diabetologia, v. 43, n. 3, p. 373—-376, 2000.

ZIAUDDEEN, H. et al. Obesity and the Neurocognitive Basis of Food Reward and the
Control of Intake. Advances in Nutrition, v. 6, n. 4, p. 474-486, 15 jul. 2015.



ANEXOS
TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO

Vocé, na qualidade de pai/mde ou representante legal, esta sendo convidado a permitir a
participa¢do de seu filho(a) na pesquisa intitulada: “Avaliagdo da associagdo de variantes genéticas
com a ingestdo alimentar e o status nutricional, biogquimico e hematolégico em criangas”. Os
procedimentos previstos nesta pesquisa estdo de acordo com orientagdes nacionais (Resolugdo
466/12 do CNS/MS) para pesquisas envolvendo seres humanos.

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

A obesidade, assim como, a falta de nutrientes na infancia pode trazer muitas consequéncias
A saude. A predisposigdo genética associada a alimentagao inadequada pode aumentar o risco destas
complicacdes. O objetivo deste estudo é verificar se determinadas diferengas genéticas estdo
associadas com a obesidade infantil e anemia.

Il. Qual o procedimento que serd utilizado?

Para a andlise de DNA nds utilizaremos uma parte da amostra de sangue que seu filho ja
coletou para os outros exames de sangue (bioquimicos e hematolégicos) da pesquisa “Impacto nas
condigdes nutricionais e de saude de criangas na idade de 6-7 anos que participaram de um
ensaio de campo randomizado por conglomerados no primeiro ano de vida”. Ao final do
presente trabalho, as amostras de DNA serdo guardadas por 10 anos para, eventualmente, serem
utilizadas em futuras pesquisas sobre esse assunto. A utilizagdo em estudos futuros somente serd
realizada mediante nova aprovacde do Comité de Etica em Pesquisa. Todos os dados que relacionem
a identidade de seu filho (a) com os dados obtidos serdo separados em diferentes bancos de dados

1I1. Quais os riscos em participar?
Os riscos em participar da pesquisa sdo minimos e estao relacionados a coleta de sangue ja
autorizada e realizada anteriormente,

IV. Quais os beneficios em participar deste estudo?

Embora esta pesquisa ndo possa gerar nenhum neneficio imediato aos participantes, ela
podera trazer varios beneficios em longo prazo, quando serd possivel conhecer quais pessoas
possuem caracteristicas genéticas associadas com a obesidade e anemia. Por fim, a sua participacao
ajudara no desenvolvimento de novos conhecimentos, que poderdo eventualmente beneficiar vocé,
seu filho (a) e outras pessoas no futuro.

V. Com quem vocé pode esclarecer suas davidas?

Em caso de qualquer duvida quanto @ pesquisa ou para saber sobre os seus direitos, vocé
poderd contatar a qualguer momento durante a pesquisa, a professora Dra. Silvana de Almeida,
Doutora em Genética e Biologia Moli.cular e professora da Universidade Federal de Ciéncias da
Saude de Porto Alegre, responsavel pelo ertudo, pelo telefone (51) 3303-8763. Assim como, com O
Comité de Etica em Pesquisa da UFCSFA (51) 3303-8804, Rua Sarmento Leite, 245, CEP 90050-170,
Porto Alegre. :

V1. Quais sdo os seus direitos e de seu ' ilho?

A participagdo de seu fitho no ¢ studo € voluntéria. Caso vocé decida nado participar, isto nao
afetara no tratamento normal que vocé . tém direito. Além disso, vocé tem liberdade para abandonar
a pesquisa a qualquer momento sem n :nhum prejuizo, devendo apenas contatar a responsavel pelo
estudo (citada logo acima). Os seus rej istros médicos serdo sempre tratados confidencialmente. Os
resultados deste estudo poderdo ser us ados para fins cientificos, mas vocé ndo sera identificado pelo
nome. Vocé recebera uma copia deste .ermo de consentimento.
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FORMULARIO DE CONSENTIMENTO PARA PARTICIPAR DE UM ESTUDO EM GENETICA

BUE sosomomissis s s nssns oos svsss tasgs s e sssve o) (representante legal/pai ou mae) fui informado dos
objetivos da pesquisa acima de maneira clara e detalhada. Recebi informagdo a respeito do
procedimento e esclareci minhas duvidas. Sei que em qualguer momento poderei solicitar novas
informacdes e terei liberdade de retirar o consentimento de participagdo de meu filho (a) na
pesquisa. O pesguisador (a) certificou-me de que todos os dados desta pesquisa serdo confidenciais,
bem como o meu tratamento ndo sera modificado em razdo desta pesquisa.

Caso tiver novas perguntas sobre este estudo, posso chamar Dra. Silvana de Almeida no
telefone (51) 3303-8763. Para qualquer pergunta sobre os meus direitos como participante deste
estudo ou se penso que fui prejudicado pela minha participagdo, posso chamar Dra. Silvana de
Almeida no telefone (51) 3303-8763 ou o Comité de Etica em Pesquisa da UFCSPA (Rua Sarmento
Leite, 245,CEP 90050-170, Porto Alegre, telefone (51) 3303-8804).

Declaro que recebi copia do presente Termo de Consentimento.

Assinatura representante legal Nome representante legal
&;k: LALC e ‘-S\\u‘fsm. ks /\"1%‘.« L
Assinatura pesquisador responsavel Nome Pesquisador responsavel
N S
Nome da crianga Data

Termo de Assentimento para criangas de 7 anos:

Eu, , recebi as informagdes sobre 0s
objetivos e importdncia desta pesquisa de forma clara e concordo em participar do estudo.

Assinatura da crianga
Nome da crianga:

Data:

-

CEP/UFCSFPA
CLE

APROVADOC,
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UNIVERSIDADE FEDERAL DE o) -

CIENCIAS DA SAUDE DE %: o me
PORTO ALEGRE

PARECER CONSUBSTANCIADO DO CEP

DADOS DO PROJETO DE PESQUISA

Titulo da Pesquisa: INVESTIGAGAO DA CO-ASSOCIAQAQ DE VARIANTES DE GENES
RELACIONADOS AOS SISTEMAS DOPAMINERGICO E SEROTONINERGICO COM
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Numero do Parecer: 3.977.156

Apresentacgao do Projeto:
Trata-se de um projeto de mestrado do Programa de Pés-graduagdo em Ciéncias de Saude intitulado
INVESTIGACAO DA CO-ASSOCIACAO DE VARIANTES DE GENES RELACIONADOS AOS SISTEMAS
DOPAMINERGICO E SEROTONINERGICO COM OBESIDADE E FENOTIPOS RELACIONADOS EM
CRIANCAS E ADULTOS

Objetivo da Pesquisa:

Objetivo geral: Analisar de forma integrativa a co-associagédo de variantes em genes relacionados aos
sistemas dopaminérgico e serotoninérgico com obesidade e desfechos associados.

Objetivos especificos: — Analisar de forma integrativa a co-associacdo de variantes em genes, relacionados
aos sistemas dopaminérgico e serotoninérgico, com ingestdo alimentar e estado nutricional de criangas,
utilizando banco de dados genéticos ja analisados individualmente gene a gene pelo grupo de pesquisa. —
Avaliar a co-associagdo de variantes em genes, relacionados aos sistemas dopaminérgicos e
serotoninérgicos, com obesidade utilizando bancos de dados publicos de GWAS. — Implementar a
metodologia score-based statistics (SBS) através de scripts (sequéncia légica de comandos) usando o

aplicativo “R”.
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Os riscos sdo minimos e estdo relacionados a coleta de sangue ja autorizada e realizada anteriormente. Os

beneficios séo indiretos, com a produgéo de conhecimento sobre identificacdo das caracteristicas genéticas

associadas a obesidade e anemia.

Comentarios e Consideragoes sobre a Pesquisa:

A pesquisa consiste basicamente em analises estatisticas realizadas em uma base de dados ja coletada

anteriormente e aprovada pelo CEP. O TCLE indica a possibilidade da utilizacdo dos dados para futuras

pesquisas.

Consideragoes sobre os Termos de apresentacao obrigatoria:

Folha de rosto devidamente assinada.

Termo de entrega de relatdrio.

Conclusoes ou Pendéncias e Lista de Inadequacgoes:

Sem pendéncias

Consideragoes Finais a critério do CEP:

De acordo com o parecer do Relator.
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Folha de Rosto FolhadeRostoAssinada.pdf 20/03/2020 [ Silvana de Almeida Aceito
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Outros TermoCompromissoEntregaRelatorioAs | 20/03/2020 | Silvana de Almeida Aceito
sinado.pdf 17:24:53
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pdf 11:30:05
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DESCRIPTION

Appetite is an international research journal specializing in cultural, social, psychological, sensory
and physiological influences on the selection and intake of foods and drinks. It covers normal
and disordered eating and drinking and welcomes studies of both human and non-human animal
behaviour toward food. Appetite publishes research reports, reviews and commentaries. Thematic
special issues appear regularly. From time to time the journal carries abstracts from professional
meetings. Submissions to Appetite are expected to be based primarily on observations directly related
to the selection and intake of foods and drinks; papers that are primarily focused on topics such as
nutrition or obesity will not be considered unless they specifically make a novel scientific contribution
to the understanding of appetite in line with the journal's aims and scope.

Research areas covered include:

¢ Psychological, social, sensory and cultural influences on appetite
¢ Cognitive and behavioural neuroscience of appetite

e Clinical and pre-clinical studies of disordered appetite

e Nutritional influences on appetite

¢ Food attitudes and consumer behaviour towards food

¢ Psychology and ethnography of dietary habits

¢ History of food cultures

Benefits to authors
We also provide many author benefits, such as free PDFs, a liberal copyright policy, special discounts
on Elsevier publications and much more. Please click here for more information on our author services .

Please see our Guide for Authors for information on article submission. If you require any further
information or help, please visit our Support Center

AUDIENCE

Psychology, Social Research, Neuroscience, Physiology, Nutrition, Sensory Food Science

IMPACT FACTOR
2021: 5.016 © Clarivate Analytics Journal Citation Reports 2022
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GUIDE FOR AUTHORS

INTRODUCTION

Full length papers
Full length papers including empirical reports and theoretical reviews are published. Reviews may be
of any length consistent with succinct presentation, subdivided as appropriate to the subject matter.

Special Sections or Issues

Proposals for a themed collection, symposium or commentary should be sent to the Contact Editor
and appetite@elsevier.com, listing provisional authors, titles and lengths of papers and suggesting
Executive, Advisory or Guest Editors with a timetable for recorded peer-reviewing, revision and
transmittal in the format required for publication. The reviews or reports in a special section or issue
will be subject to the normal process of peer-review.

Commentary sections
Commentary sections may include a keynote paper, brief comments and reply.

Conference Abstracts

Conference Abstracts in guest-edited sets from international multidisciplinary conferences are
sometimes published. All the abstracts in a set must be limited to a total word count of no more
than 300 (4 per page) and formatted as a single paragraph with no subheadings. The abstract starts
with the title (mostly in lower case), name(s) of author(s) (upper case) and one postal address,
complete with postcode and country, followed on the same line by one stand-alone e-mail address.
Any acknowledgements or references are included within the paragraph: between the cited author(s)
and year can be placed the abbreviated title of the journal, volume and pages. Tables, Figures and
footnotes are not allowed. A published abstract should not promise findings or discussion, nor refer
to presentation at the meeting. The title of the meeting as the main title, the location and dates as
a sub-title must be provided to form the heading of the set of abstracts. Any session titles, special
lectures or other material must fit into the format and word count for the abstracts in that set.

Please note that questionnaires and interview protocols (in Figure form) are not published.

Authors should submit their articles electronically at: https://www.editorialmanager.com/appetite/
Default.aspx

You can use this list to carry out a final check of your submission before you send it to the journal for
review. Please check the relevant section in this Guide for Authors for more details.

Ensure that the following items are present:

One author has been designated as the corresponding author with contact details:
e E-mail address
e Full postal address

All necessary files have been uploaded:

Manuscript:

¢ Include keywords

¢ All figures (include relevant captions)

¢ All tables (including titles, description, footnotes)

¢ Ensure all figure and table citations in the text match the files provided
¢ Indicate clearly if color should be used for any figures in print
Graphical Abstracts / Highlights files (where applicable)

Supplemental files (where applicable)

Further considerations
¢ Manuscript has been 'spell checked' and 'grammar checked'
¢ All references mentioned in the Reference List are cited in the text, and vice versa

AUTHOR INFORMATION PACK 14 Jul 2022 www.elsevier.com/locate/appet 4
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e Permission has been obtained for use of copyrighted material from other sources (including the
Internet)

e A competing interests statement is provided, even if the authors have no competing interests to
declare

¢ Journal policies detailed in this guide have been reviewed

¢ Referee suggestions and contact details provided, based on journal requirements

For further information, visit our Support Center.

BEFORE YOU BEGIN

Please see our information on Ethics in publishing.

Research involving human participants, human material, or human data, must have been performed
in accordance with the Declaration of Helsinki and must have been approved by an appropriate
independent ethics committee. A statement detailing the approval, including the name of the ethics
committee and the reference number where appropriate, must appear in all manuscripts reporting
such research. If an appropriate committee granted an exemption from requiring ethics approval, this
should also be detailed in the manuscript, including the name of the ethics committee that granted
the exemption. Further information and documentation to support this should be made available to
the Editor on request. The manuscript should be in line with the Recommendations for the Conduct,
Reporting, Editing and Publication of Scholarly Work in Medical Journals and aim for the inclusion of
representative human populations (sex, age and ethnicity) as per those recommendations. The terms
sex and gender should be used correctly.

Required disclosures: We require every research article submitted to include a statement in the
methods section that the study obtained ethics approval (or a statement that it was not required and
why), including the name of the ethics committee(s) or institutional review board(s) and a statement
that participants gave informed consent before taking part and a statement about assent for children
and youth where appropriate. Wherever possible authors should also insert a specific ethics/approval
number. The privacy rights of human subjects must always be observed.

Papers that report studies involving vertebrate animals must conform to the ARRIVE Guidelines
summarised at www.nc3rs.org.uk and should be carried out in accordance with the U.K. Animals
(Scientific Procedures) Act, 1986 and associated guidelines, EU Directive 2010/63/EU for animal
experiments, or the National Institutes of Health guide for the care and use of Laboratory animals (NIH
Publications No. 8023, revised 1978) and the authors should clearly indicate in the manuscript that
such guidelines have been followed. The sex of animals must be indicated, and where appropriate,
the influence (or association) of sex on the results of the study. The Editors will not accept papers that
have not been reviewed and approved by an animal experimentation ethics committee or regulatory
organisation.

Required disclosures: Where a paper reports studies involving vertebrate animals, authors must
state in the Methods section the institutional and national guidelines for the care and use of animals
that were followed and that all experimental procedures involving animals were approved by the
[insert name of the ethics committee or other approving body; wherever possible authors should also
insert a specific ethics/approval number].

All authors must disclose any financial and personal relationships with other people or organizations
that could inappropriately influence (bias) their work. Examples of potential competing interests
include employment, consultancies, stock ownership, honoraria, paid expert testimony, patent
applications/registrations, and grants or other funding. Authors must disclose any interests in two
places: 1. A summary declaration of interest statement in the title page file (if double anonymized) or
the manuscript file (if single anonymized). If there are no interests to declare then please state this:
'Declarations of interest: none'. 2. Detailed disclosures as part of a separate Declaration of Interest
form, which forms part of the journal's official records. It is important for potential interests to be
declared in both places and that the information matches. More information.

AUTHOR INFORMATION PACK 14 Jul 2022 www.elsevier.com/locate/appet 5
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Data code and availability statements

All papers must include a statement regarding the availability of all data used in the study. Where
data was downloaded from the public domain, the source and means of obtaining the data should
be stated. Data, or metadata that were newly acquired for the present study should ideally be made
available to the community via a suitable open repository, preferably at the time of paper submission.
If data is not able to be made openly available then a reasonable rationale should be provided, such
as ethics or privacy issues of clinical data, or restrictions imposed by the administering institution. If
data is only to be made available via a request to the Authors, then the conditions of such a request,
and any restrictions - such as the need for a formal data sharing agreement - should be clearly stated.

Authors are requested to declare if their work has been peer-reviewed previously, and if so they are
encouraged to supply along with their manuscript files their responses to previous review comments.

Submission of an article implies that the work described has not been published previously (except in
the form of an abstract, a published lecture or academic thesis, see 'Multiple, redundant or concurrent
publication' for more information), that it is not under consideration for publication elsewhere, that
its publication is approved by all authors and tacitly or explicitly by the responsible authorities where
the work was carried out, and that, if accepted, it will not be published elsewhere in the same form, in
English or in any other language, including electronically without the written consent of the copyright-
holder. To verify originality, your article may be checked by the originality detection service Crossref
Similarity Check.

Preprints

Please note that preprints can be shared anywhere at any time, in line with Elsevier's sharing policy.
Sharing your preprints e.g. on a preprint server will not count as prior publication (see 'Multiple,
redundant or concurrent publication' for more information).

Use of inclusive language

Inclusive language acknowledges diversity, conveys respect to all people, is sensitive to differences,
and promotes equal opportunities. Content should make no assumptions about the beliefs or
commitments of any reader; contain nothing which might imply that one individual is superior to
another on the grounds of age, gender, race, ethnicity, culture, sexual orientation, disability or health
condition; and use inclusive language throughout. Authors should ensure that writing is free from bias,
stereotypes, slang, reference to dominant culture and/or cultural assumptions. We advise to seek
gender neutrality by using plural nouns (“clinicians, patients/clients") as default/wherever possible
to avoid using "he, she," or "he/she." We recommend avoiding the use of descriptors that refer
to personal attributes such as age, gender, race, ethnicity, culture, sexual orientation, disability or
health condition unless they are relevant and valid. Authors should use person first language when
referring people/participants who are living with various conditions e.g. people with obesity (not obese
people or people who are obese). These guidelines are meant as a point of reference to help identify
appropriate language but are by no means exhaustive or definitive.

Authors are expected to consider carefully the list and order of authors before submitting their
manuscript and provide the definitive list of authors at the time of the original submission. Any
addition, deletion or rearrangement of author names in the authorship list should be made only
before the manuscript has been accepted and only if approved by the journal Editor. To request such
a change, the Editor must receive the following from the corresponding author: (a) the reason
for the change in author list and (b) written confirmation (e-mail, letter) from all authors that they
agree with the addition, removal or rearrangement. In the case of addition or removal of authors,
this includes confirmation from the author being added or removed.

Only in exceptional circumstances will the Editor consider the addition, deletion or rearrangement of
authors after the manuscript has been accepted. While the Editor considers the request, publication
of the manuscript will be suspended. If the manuscript has already been published in an online issue,
any requests approved by the Editor will result in a corrigendum.

AUTHOR INFORMATION PACK 14 Jul 2022 www.elsevier.com/locate/appet 6



77

Article transfer service

This journal is part of our Article Transfer Service. This means that if the Editor feels your article is
more suitable in one of our other participating journals, then you may be asked to consider transferring
the article to one of those. If you agree, your article will be transferred automatically on your behalf
with no need to reformat. Please note that your article will be reviewed again by the new journal.
More information.

Upon acceptance of an article, authors will be asked to complete a 'Journal Publishing Agreement' (see
more information on this). An e-mail will be sent to the corresponding author confirming receipt of
the manuscript together with a 'Journal Publishing Agreement' form or a link to the online version
of this agreement.

Subscribers may reproduce tables of contents or prepare lists of articles including abstracts for internal
circulation within their institutions. Permission of the Publisher is required for resale or distribution
outside the institution and for all other derivative works, including compilations and translations. If
excerpts from other copyrighted works are included, the author(s) must obtain written permission
from the copyright owners and credit the source(s) in the article. Elsevier has preprinted forms for
use by authors in these cases.

For gold open access articles: Upon acceptance of an article, authors will be asked to complete a
'License Agreement' (more information). Permitted third party reuse of gold open access articles is
determined by the author's choice of user license.

Author rights
As an author you (or your employer or institution) have certain rights to reuse your work. More
information.

Elsevier supports responsible sharing
Find out how you can share your research published in Elsevier journals.

You are requested to identify who provided financial support for the conduct of the research and/or
preparation of the article and to briefly describe the role of the sponsor(s), if any, in study design; in
the collection, analysis and interpretation of data; in the writing of the report; and in the decision to
submit the article for publication. If the funding source(s) had no such involvement, it is recommended
to state this.

Please visit our Open Access page for more information.

Elsevier Researcher Academy

Researcher Academy is a free e-learning platform designed to support early and mid-career
researchers throughout their research journey. The "Learn" environment at Researcher Academy
offers several interactive modules, webinars, downloadable guides and resources to guide you through
the process of writing for research and going through peer review. Feel free to use these free resources
to improve your submission and navigate the publication process with ease.

Language (usage and editing services)

Please write your text in good English (American or British usage is accepted, but not a mixture of
these). Authors who feel their English language manuscript may require editing to eliminate possible
grammatical or spelling errors and to conform to correct scientific English may wish to use the English
Language Editing service available from Elsevier's Author Services.

Appetite encourages researchers to take sex and gender into account when establishing objectives,
developing methods of study, obtaining and evaluating data, and reporting the results of their work.
We also acknowledge that sex and gender refer to a wide range of physiological, psychological and
cultural variables that do not have clear scientific boundaries. Therefore, we recommend that authors
describe participants in the terms that they endorsed when choosing to enter the study, e.g., male,
female, man, woman, non-binary etc. In addition, authors may wish to refer to sex/gender effects
rather than assuming a sharp categorization.

AUTHOR INFORMATION PACK 14 Jul 2022 www.elsevier.com/locate/appet 7
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Our online submission system guides you stepwise through the process of entering your article
details and uploading your files. The system converts your article files to a single PDF file used in
the peer-review process. Editable files (e.g., Word, LaTeX) are required to typeset your article for
final publication. All correspondence, including notification of the Editor's decision and requests for
revision, is sent by e-mail.

Submit your article
Please submit your article via https://www.journals.elsevier.com/appetite

Please submit, with the manuscript, the names, addresses and e-mail addresses of three potential
referees along with your reasons for suggesting them. Note that the editor retains the sole right to
decide whether or not the suggested reviewers are used.

PREPARATION

For questions about the editorial process (including the status of manuscripts under review) or for
technical support on submissions, please visit our Support Center.

Submission to this journal proceeds totally online and you will be guided stepwise through the creation
and uploading of your files. The system automatically converts your files to a single PDF file, which
is used in the peer-review process.

Appetite has published an editorial with guidelines on design and statistics, which authors are
encouraged to consult.

Cover letter

Cover letters should be addressed to the Editor in Chief.

The letter should: 1) identify the author who has been designated by co-authors as the corresponding
author and include the corresponding author's contact details, including email address and full postal
address; 2) verify that all authors accept full responsibility for all aspects of to the work described;
3) verify that the manuscript is not under review elsewhere; 4) verify that the corresponding author
can provide all original data for review.

In addition, if the study is part of a large study that is or will be published in pieces, an explanation for
this choice should be included as well as a verification that the current manuscript includes discussion
of how it relates to the other pieces and that full references to the other pieces are included. Multiple
manuscripts in which it seems that the dependent variables are just different measures of the same
tendencies will not be considered.

If the authors wish to suggest that a particular Executive Editor would be especially appropriate to
handle the submission, this may be included in the cover letter.

Ethics

Research involving human participants, human material, or human data must have been performed
in accordance with the Declaration of Helsinki and must have been approved by an appropriate
independent ethics committee. Similarly, research involving non-human animals or material derived
from them must have been approved by an appropriate independent ethics committee. A statement
detailing the approval, including the name of the ethics committee and the reference number where
appropriate, must appear in the method all manuscripts reporting such research. If an appropriate
committee granted an exemption from requiring ethics approval, this should also be detailed in
the manuscript, including the name of the ethics committee that granted the exemption. Further
information and documentation to support this should be made available to the Editor on request. If
an appropriate committee granted an exemption from requiring ethics approval, this should also be
detailed in the manuscript, including the name of the ethics committee that granted the exemption.
Further information and documentation to support this should be made available to the Editor on
request.

AUTHOR INFORMATION PACK 14 Jul 2022 www.elsevier.com/locate/appet 8
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Manuscript Preparation

Submission to this journal proceeds totally online, and you will be guided stepwise through the creation
and uploading of your files. The system automatically converts your files to a single PDF file, which is
used in the peer-review process. Appetite has published an editorial with guidelines on design and
statistics, which authors are encouraged to consult.

This journal operates a single anonymized review process. All contributions will be initially assessed by
the editor for suitability for the journal. Papers deemed suitable are then typically sent to a minimum of
two independent expert reviewers to assess the scientific quality of the paper. The Editor is responsible
for the final decision regarding acceptance or rejection of articles. The Editor's decision is final. Editors
are not involved in decisions about papers which they have written themselves or have been written
by family members or colleagues or which relate to products or services in which the editor has an
interest. Any such submission is subject to all of the journal's usual procedures, with peer review
handled independently of the relevant editor and their research groups. More information on types
of peer review.

Use of word processing software

It is important that the file be saved in the native format of the word processor used. The text
should be in single-column format. Keep the layout of the text as simple as possible. Most formatting
codes will be removed and replaced on processing the article. In particular, do not use the word
processor's options to justify text or to hyphenate words. However, do use bold face, italics, subscripts,
superscripts etc. When preparing tables, if you are using a table grid, use only one grid for each
individual table and not a grid for each row. If no grid is used, use tabs, not spaces, to align columns.
The electronic text should be prepared in a way very similar to that of conventional manuscripts (see
also the Guide to Publishing with Elsevier). Note that source files of figures, tables and text graphics
will be required whether or not you embed your figures in the text. See also the section on Electronic
artwork.

To avoid unnecessary errors you are strongly advised to use the 'spell-check' and 'grammar-check’
functions of your word processor.

It is important that the file be saved in the native format of the word processor used. The text
should be in single-column format. Keep the layout of the text as simple as possible. Most formatting
codes will be removed and replaced on processing the article. In particular, do not use the word
processor's options to justify text or to hyphenate words. However, do use bold face, italics, subscripts,
superscripts etc. When preparing tables, if you are using a table grid, use only one grid for each
individual table and not a grid for each row. If no grid is used, use tabs, not spaces, to align columns.
The electronic text should be prepared in a way very similar to that of conventional manuscripts (see
also the Guide to Publishing with Elsevier). Note that source files of figures, tables and text graphics
will be required whether or not you embed your figures in the text. See also the section on Electronic
artwork. To avoid unnecessary errors you are strongly advised to use the 'spell-check' and 'grammar-
check' functions of your word processor. Please ensure your paper has consecutive line numbering,
this is an essential peer review requirement.

Articles should include page and line numbering and the line spacing should be 1.5 or 2 and the font
should be no less than 11 point (and ideally 12 point).

Subdivision - numbered sections

Divide your article into clearly defined and numbered sections. Subsections should be numbered
1.1 (then 1.1.1, 1.1.2, ...), 1.2, etc. (the abstract is not included in section numbering). Use this
numbering also for internal cross-referencing: do not just refer to 'the text'. Any subsection may be
given a brief heading. Each heading should appear on its own separate line.

Introduction
State the objectives of the work and provide an adequate background, avoiding a detailed literature
survey or a summary of the results.

Methods
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Provide sufficient details to allow the work to be reproduced by an independent researcher. Methods
that are already published should be summarized, and indicated by a reference. If quoting directly
from a previously published method, use quotation marks and also cite the source. Any modifications
to existing methods should also be described. Include an ethics-approval statement as described
above. Include a section describing the statistical approach. This should include: 1) A statement that
the hypotheses were specified before the data were collected; 2) A statement that the analytic plan
was pre-specified and any data-driven analyses are clearly identified and discussed appropriately

Results

Results should be clear and concise. Authors are encouraged to read and comply with our Guideline
on Statistics. When possible, quantify findings and present them with appropriate indicators of
measurement error or uncertainty.

Discussion
This should explore the significance of the results of the work, not repeat them. A combined Results
and Discussion section is often appropriate. Avoid extensive citations and discussion of published
literature.

Appendices
Appendices are not encouraged. Critical details of Method should be described in that section of the
manuscript.

e Title. Concise and informative. Titles are often used in information-retrieval systems. Avoid
abbreviations and formulae where possible.

o Author names and affiliations. Please clearly indicate the given name(s) and family name(s)
of each author and check that all names are accurately spelled. You can add your name between
parentheses in your own script behind the English transliteration. Present the authors' affiliation
addresses (where the actual work was done) below the names. Indicate all affiliations with a lower-
case superscript letter immediately after the author's name and in front of the appropriate address.
Provide the full postal address of each affiliation, including the country name and, if available, the
e-mail address of each author.

e Corresponding author. Clearly indicate who will handle correspondence at all stages of refereeing
and publication, also post-publication. This responsibility includes answering any future queries about
Methodology and Materials. Ensure that the e-mail address is given and that contact details
are kept up to date by the corresponding author.

¢ Present/permanent address. If an author has moved since the work described in the article was
done, or was visiting at the time, a 'Present address' (or 'Permanent address') may be indicated as
a footnote to that author's name. The address at which the author actually did the work must be
retained as the main, affiliation address. Superscript Arabic numerals are used for such footnotes.

A concise and factual abstract is required. The abstract should state briefly the purpose of the
research, the principal results and major conclusions. An abstract is often presented separately from
the article, so it must be able to stand alone. For this reason, References should be avoided, but if
essential, then cite the author(s) and year(s). Also, non-standard or uncommon abbreviations should
be avoided, but if essential they must be defined at their first mention in the abstract itself. As per
the journal style, the abstract text should not be more than 280 words (1500 characters including
spaces). The abstract should be formatted as a single paragraph.

Graphical abstract

Although a graphical abstract is optional, its use is encouraged as it draws more attention to the online
article. The graphical abstract should summarize the contents of the article in a concise, pictorial form
designed to capture the attention of a wide readership. Graphical abstracts should be submitted as a
separate file in the online submission system. Image size: Please provide an image with a minimum
of 531 x 1328 pixels (h x w) or proportionally more. The image should be readable at a size of 5 x
13 cm using a regular screen resolution of 96 dpi. Preferred file types: TIFF, EPS, PDF or MS Office
files. You can view Example Graphical Abstracts on our information site.

Authors can make use of Elsevier's Illustration Services to ensure the best presentation of their images
and in accordance with all technical requirements.
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Immediately after the abstract, provide a maximum of 6 keywords, using American spelling and
avoiding general and plural terms and multiple concepts (avoid, for example, 'and’, 'of'). Be sparing
with abbreviations: only abbreviations firmly established in the field may be eligible. These keywords
will be used for indexing purposes.

Abbreviations

Define abbreviations that are not standard in this field in a footnote to be placed on the first page
of the article. Such abbreviations that are unavoidable in the abstract must be defined at their first
mention there, as well as in the footnote. Ensure consistency of abbreviations throughout the article.

Acknowledgements

Collate acknowledgements in a separate section at the end of the article before the references and do
not, therefore, include them on the title page, as a footnote to the title or otherwise. List here those
individuals who provided help during the research (e.g., providing language help, writing assistance
or proof reading the article, etc.).

Author Contributions

Each author should to declare his or her individual contribution to the article. The statement that all
authors have approved the final article should be true and included in the disclosure. Such a statement
should be included immediately following the Acknowledgements section of the article.

Formatting of funding sources
List funding sources in this standard way to facilitate compliance to funder's requirements:

Funding: This work was supported by the National Institutes of Health [grant numbers xxxx, yyyy]l;
the Bill & Melinda Gates Foundation, Seattle, WA [grant number zzzz]; and the United States Institutes
of Peace [grant number aaaa].

It is not necessary to include detailed descriptions on the program or type of grants and awards. When
funding is from a block grant or other resources available to a university, college, or other research
institution, submit the name of the institute or organization that provided the funding.

If no funding has been provided for the research, it is recommended to include the following sentence:

This research did not receive any specific grant from funding agencies in the public, commercial, or
not-for-profit sectors.

Units

Follow internationally accepted rules and conventions: use the international system of units (SI). If
other units are mentioned, please give their equivalent in SI. Ensure that the data are reported with
reasonable precision. Age, BMI and similar demographic data rounded to 0.1 at the most, 0-100 VAS
to 1, Likert-scale data to 1, etc.

Math formulae

Please submit math equations as editable text and not as images. Present simple formulae in
line with normal text where possible and use the solidus (/) instead of a horizontal line for small
fractional terms, e.g., X/Y. In principle, variables are to be presented in italics. Powers of e are often
more conveniently denoted by exp. Number consecutively any equations that have to be displayed
separately from the text (if referred to explicitly in the text).

Footnotes
Footnotes should be used sparingly. Number them consecutively throughout the article. Many word
processors can build footnotes into the text, and this feature may be used. Otherwise, please indicate

the position of footnotes in the text and list the footnotes themselves separately at the end of the
article. Do not include footnotes in the Reference list.

Electronic Artwork
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General points Make sure you use uniform lettering and sizing of your original artwork Embed the used
fonts if the application provides that option Aim to use the following fonts in your illustrations: Arial,
Courier, Times New Roman, Symbol, or use fonts that look similar Number the illustrations according
to their sequence in the text Use a logical naming convention for your artwork files Provide captions to
illustrations separately Size the illustrations close to the desired dimensions of the published version
Submit each illustration as a separate file

A detailed guide on electronic artwork is available. You are urged to visit this site; some excerpts
from the detailed information are given here.

Formats

If your electronic artwork is created in a Microsoft Office application (Word, PowerPoint, Excel) then
please supply 'as is' in the native document format. Regardless of the application used other than
Microsoft Office, when your electronic artwork is finalized, please 'Save as' or convert the images to
one of the following formats (note the resolution requirements for line drawings, halftones, and line/
halftone combinations given below): EPS (or PDF): Vector drawings, embed all used fonts TIFF (or
JPEG): Color or grayscale photographs (halftones), keep to a minimum of 300 dpi TIFF (or JPEG):
Bitmapped (pure black and white pixels) line drawings, keep to a minimum of 1000 dpi TIFF (or JPEG):
Combinations bitmapped line/half-tone (color or grayscale), keep to a minimum of 500 dpi

Please do not: Supply files that are optimized for screen use (e.g., GIF, BMP, PICT, WPG); these
typically have a low number of pixels and limited set of colors; Supply files that are too low in
resolution; Submit graphics that are disproportionately large for the content

Color artwork

Please make sure that artwork files are in an acceptable format (TIFF (or JPEG), EPS (or PDF), or
MS Office files) and with the correct resolution. If, together with your accepted article, you submit
usable color figures then Elsevier will ensure, at no additional charge, that these figures will appear
in color online (e.g., ScienceDirect and other sites) regardless of whether or not these illustrations
are reproduced in color in the printed version. For color reproduction in print, you will receive
information regarding the costs from Elsevier after receipt of your accepted article. Please
indicate your preference for color: in print or online only. Further information on the preparation of
electronic artwork.

Illustration services

Elsevier's Author Services offers Illustration Services to authors preparing to submit a manuscript but
concerned about the quality of the images accompanying their article. Elsevier's expert illustrators
can produce scientific, technical and medical-style images, as well as a full range of charts, tables
and graphs. Image 'polishing' is also available, where our illustrators take your image(s) and improve
them to a professional standard. Please visit the website to find out more.

Figure captions

Ensure that each illustration has a caption. A caption should comprise a brief title (not on the figure
itself) and a description of the illustration. Keep text in the illustrations themselves to a minimum but
explain all symbols and abbreviations used.

Please submit tables as editable text and not as images. Tables can be placed either next to the
relevant text in the article, or on separate page(s) at the end. Number tables consecutively in
accordance with their appearance in the text and place any table notes below the table body. Be
sparing in the use of tables and ensure that the data presented in them do not duplicate results
described elsewhere in the article. Please avoid using vertical rules and shading in table cells.

Citation in text

Please ensure that every reference cited in the text is also present in the reference list (and vice
versa). Any references cited in the abstract must be given in full. Unpublished results and personal
communications are not recommended in the reference list, but may be mentioned in the text. If these
references are included in the reference list they should follow the standard reference style of the
journal and should include a substitution of the publication date with either 'Unpublished results' or
'Personal communication'. Citation of a reference as 'in press' implies that the item has been accepted
for publication.
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Web references

As a minimum, the full URL should be given and the date when the reference was last accessed. Any
further information, if known (DOI, author names, dates, reference to a source publication, etc.),
should also be given. Web references can be listed separately (e.g., after the reference list) under a
different heading if desired, or can be included in the reference list.

Data references

This journal encourages you to cite underlying or relevant datasets in your manuscript by citing them
in your text and including a data reference in your Reference List. Data references should include the
following elements: author name(s), dataset title, data repository, version (where available), year,
and global persistent identifier. Add [dataset] immediately before the reference so we can properly
identify it as a data reference. The [dataset] identifier will not appear in your published article.

Preprint references

Where a preprint has subsequently become available as a peer-reviewed publication, the formal
publication should be used as the reference. If there are preprints that are central to your work or that
cover crucial developments in the topic, but are not yet formally published, these may be referenced.
Preprints should be clearly marked as such, for example by including the word preprint, or the name
of the preprint server, as part of the reference. The preprint DOI should also be provided.

References in a special issue
Please ensure that the words 'this issue' are added to any references in the list (and any citations in
the text) to other articles in the same Special Issue.

Reference management software

Most Elsevier journals have their reference template available in many of the most popular reference
management software products. These include all products that support Citation Style Language
styles, such as Mendeley. Using citation plug-ins from these products, authors only need to select
the appropriate journal template when preparing their article, after which citations and bibliographies
will be automatically formatted in the journal's style. If no template is yet available for this journal,
please follow the format of the sample references and citations as shown in this Guide. If you use
reference management software, please ensure that you remove all field codes before submitting
the electronic manuscript. More information on how to remove field codes from different reference
management software.

Reference formatting

There are no strict requirements on reference formatting at submission. References can be in any
style or format as long as the style is consistent. Where applicable, author(s) name(s), journal title/
book title, chapter title/article title, year of publication, volume number/book chapter and the article
number or pagination must be present. Use of DOI is highly encouraged. The reference style used by
the journal will be applied to the accepted article by Elsevier at the proof stage. Note that missing data
will be highlighted at proof stage for the author to correct. If you do wish to format the references
yourself they should be arranged according to the following examples:

Reference Style

Text: Citations in the text should follow the referencing style used by the American Psychological
Association. You are referred to the Publication Manual of the American Psychological Association,
Sixth Edition, ISBN 978-1-4338-0561-5, copies of which may be ordered online or APA Order Dept.,
P.0.B. 2710, Hyattsville, MD 20784, USA or APA, 3 Henrietta Street, London, WC3E 8LU, UK.

List: references should be arranged first alphabetically and then further sorted chronologically if
necessary. More than one reference from the same author(s) in the same year must be identified by
the letters 'a’, 'b’, 'c', etc., placed after the year of publication.

Examples:

Reference to a journal publication:

Van der Geer, J., Hanraads, J. A. J., & Lupton, R. A. (2010). The art of writing a scientific article.
Journal of Scientific Communications, 163, 51-59. https://doi.org/10.1016/j.5¢.2010.00372.
Reference to a journal publication with an article number:

Van der Geer, J., Hanraads, J. A. J., & Lupton, R. A. (2018). The art of writing a scientific article.
Heliyon, 19, e00205. https://doi.org/10.1016/j.heliyon.2018.e00205.

Reference to a book:

Strunk, W., Jr., & White, E. B. (2000). The elements of style. (4th ed.). New York: Longman, (Chapter
4).

Reference to a chapter in an edited book:

AUTHOR INFORMATION PACK 14 Jul 2022 www.elsevier.com/locate/appet 13



84

Mettam, G. R., & Adams, L. B. (2009). How to prepare an electronic version of your article. In B. S.
Jones, & R. Z. Smith (Eds.), Introduction to the electronic age (pp. 281-304). New York: E-Publishing
Inc.

Reference to a website:

Cancer Research UK. Cancer statistics reports for the UK. (2003). http://www.cancerresearchuk.org/
aboutcancer/statistics/cancerstatsreport/ Accessed 13 March 2003.

Reference to a dataset:

[dataset] Oguro, M., Imahiro, S., Saito, S., Nakashizuka, T. (2015). Mortality data for Japanese
oak wilt disease and surrounding forest compositions. Mendeley Data, v1. https://doi.org/10.17632/
Xwj98nb39r.1.

Reference to a conference paper or poster presentation:

Engle, E.K., Cash, T.F.,, & Jarry, J.L. (2009, November). The Body Image Behaviours Inventory-3:
Development and validation of the Body Image Compulsive Actions and Body Image Avoidance Scales.
Poster session presentation at the meeting of the Association for Behavioural and Cognitive Therapies,
New York, NY.

Journal abbreviations source
Journal names should be abbreviated according to the List of Title Word Abbreviations.

Elsevier accepts video material and animation sequences to support and enhance your scientific
research. Authors who have video or animation files that they wish to submit with their article are
strongly encouraged to include links to these within the body of the article. This can be done in the
same way as a figure or table by referring to the video or animation content and noting in the body
text where it should be placed. All submitted files should be properly labeled so that they directly
relate to the video file's content. In order to ensure that your video or animation material is directly
usable, please provide the file in one of our recommended file formats with a preferred maximum
size of 150 MB per file, 1 GB in total. Video and animation files supplied will be published online in
the electronic version of your article in Elsevier Web products, including ScienceDirect. Please supply
'stills' with your files: you can choose any frame from the video or animation or make a separate
image. These will be used instead of standard icons and will personalize the link to your video data. For
more detailed instructions please visit our video instruction pages. Note: since video and animation
cannot be embedded in the print version of the journal, please provide text for both the electronic
and the print version for the portions of the article that refer to this content.

Include interactive data visualizations in your publication and let your readers interact and engage
more closely with your research. Follow the instructions here to find out about available data
visualization options and how to include them with your article.

Supplementary material such as applications, images and sound clips, can be published with your
article to enhance it. Submitted supplementary items are published exactly as they are received (Excel
or PowerPoint files will appear as such online). Please submit your material together with the article
and supply a concise, descriptive caption for each supplementary file. If you wish to make changes to
supplementary material during any stage of the process, please make sure to provide an updated file.
Do not annotate any corrections on a previous version. Please switch off the 'Track Changes' option
in Microsoft Office files as these will appear in the published version.

Online studies are becoming increasingly common and they have some advantages over in person
studies e.g. easier recruitment of larger and more diverse samples . However, there are potential
limitations e.g. low data quality due to malicious programs, or bots, generating invalid data. Therefore
authors are requested to outline in their manuscript the steps they have taken to improve data
quality and detect bots. Such strategies might include the use of recaptcha at the start of a survey,
dummy/implausible questions, attention check questions, collecting timing and page use data, and
consistency checks.
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This journal requires and enables you to share data that supports your research publication where
appropriate, and enables you to interlink the data with your published articles. Research data
refers to the results of observations or experimentation that validate research findings. To facilitate
reproducibility and data reuse, this journal also encourages you to share your software, code, models,
algorithms, protocols, methods and other useful materials related to the project.

Below are a number of ways in which you can associate data with your article or make a statement
about the availability of your data when submitting your manuscript. When sharing data in one of
these ways, you are expected to cite the data in your manuscript and reference list. Please refer to the
"References" section for more information about data citation. For more information on depositing,
sharing and using research data and other relevant research materials, visit the research data page.

Data linking

If you have made your research data available in a data repository, you can link your article directly to
the dataset. Elsevier collaborates with a number of repositories to link articles on ScienceDirect with
relevant repositories, giving readers access to underlying data that gives them a better understanding
of the research described.

There are different ways to link your datasets to your article. When available, you can directly link
your dataset to your article by providing the relevant information in the submission system. For more
information, visit the database linking page.

For supported data repositories a repository banner will automatically appear next to your published
article on ScienceDirect.

In addition, you can link to relevant data or entities through identifiers within the text of your
manuscript, using the following format: Database: xxxx (e.g., TAIR: AT1G01020; CCDC: 734053;
PDB: 1XFN).

Data in Brief

You have the option of converting any or all parts of your supplementary or additional raw data into
a data article published in Data in Brief. A data article is a new kind of article that ensures that your
data are actively reviewed, curated, formatted, indexed, given a DOI and made publicly available
to all upon publication (watch this video describing the benefits of publishing your data in Data in
Brief). You are encouraged to submit your data article for Data in Brief as an additional item directly
alongside the revised version of your manuscript. If your research article is accepted, your data article
will automatically be transferred over to Data in Brief where it will be editorially reviewed, published
open access and linked to your research article on ScienceDirect. Please note an open access fee is
payable for publication in Data in Brief. Full details can be found on the Data in Brief website. Please
use this template to write your Data in Brief data article.

Data statement

To foster transparency, we require you to state the availability of your data in your submission if
your data is unavailable to access or unsuitable to post. This may also be a requirement of your
funding body or institution. You will have the opportunity to provide a data statement during the
submission process. The statement will appear with your published article on ScienceDirect. For more
information, visit the Data Statement page..

AFTER ACCEPTANCE

To ensure a fast publication process of the article, we kindly ask authors to provide us with their proof
corrections within two days. Corresponding authors will receive an e-mail with a link to our online
proofing system, allowing annotation and correction of proofs online. The environment is similar to
MS Word: in addition to editing text, you can also comment on figures/tables and answer questions
from the Copy Editor. Web-based proofing provides a faster and less error-prone process by allowing
you to directly type your corrections, eliminating the potential introduction of errors.

If preferred, you can still choose to annotate and upload your edits on the PDF version. All instructions
for proofing will be given in the e-mail we send to authors, including alternative methods to the online
version and PDF.
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We will do everything possible to get your article published quickly and accurately. Please use this
proof only for checking the typesetting, editing, completeness and correctness of the text, tables and
figures. Significant changes to the article as accepted for publication will only be considered at this
stage with permission from the Editor. It is important to ensure that all corrections are sent back
to us in one communication. Please check carefully before replying, as inclusion of any subsequent
corrections cannot be guaranteed. Proofreading is solely your responsibility.

The corresponding author will, at no cost, receive a customized Share Link providing 50 days free
access to the final published version of the article on ScienceDirect. The Share Link can be used for
sharing the article via any communication channel, including email and social media. For an extra
charge, paper offprints can be ordered via the offprint order form which is sent once the article is
accepted for publication. Both corresponding and co-authors may order offprints at any time via
Elsevier's Author Services. Corresponding authors who have published their article gold open access
do not receive a Share Link as their final published version of the article is available open access on
ScienceDirect and can be shared through the article DOI link.

AUTHOR INQUIRIES

Visit the Elsevier Support Center to find the answers you need. Here you will find everything from
Frequently Asked Questions to ways to get in touch.

You can also check the status of your submitted article or find out when your accepted article will
be published.

© Copyright 2018 Elsevier | https://www.elsevier.com

AUTHOR INFORMATION PACK 14 Jul 2022 www.elsevier.com/locate/appet 16



