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RESUMO

As Glicogenoses Hepaticas sdo erros inatos do metabolismo do glicogénio. O fendtipo
depende do subtipo de doenca e do controle metabdlico, porém as caracteristicas
principais séo: retardo de crescimento, baixa estatura, face arredondada (“boneca"),
hepatomegalia, hipoglicemia, hiperlactatemia, hipercolesterolemia e
hipertrigliceridemia. O tratamento inclui a controle dietético com restricdo de
carboidratos simples (frutose, maltose, glicose, lactose, galactose), administragcdo de
amido de milho cru diversas vezes ao dia, incluindo o periodo noturno, além de
acompanhamento de pardmetros clinicos e laboratoriais. A prevaléncia de dificuldades
alimentares e disturbio miofuncional orofacial nesses pacientes é desconhecida.
Objetivo: Investigar a prevaléncia de dificuldades alimentares e disturbio miofuncional
orofacial em pacientes com Glicogenose Hepatica. Métodos: Trata-se de um estudo
transversal, prospectivo com coleta de dados historicos, de 36 individuos com
diagnéstico confirmado de glicogenose hepatica (tipo 1a=22, 1b=8, 111=2, IXa=3; IXc=1;
sexo masculino=19; mediana de idade=12.0 anos (8.0-18.7). Todos o0s pacientes
estavam em tratamento com médico geneticista e nutricionista. A avaliagdo incluiu:
questionario para avaliagdo do comportamento alimentar, avaliagdo miofuncional
orofacial (AMIOFE), percepcao olfativa (Sniffin Sticks) e gustativa (Taste Strips),
antropometria facial. Resultados: Nove (25%) pacientes apresentaram diminuicdo da
percepcéo olfativa, 4 (11%) da gustativa, 8 (22.2%) de gustativa para o azedo. Vinte e
seis pacientes (72.2%) apresentaram dificuldade alimentar e 18 (50%) apresentaram
disturbio miofuncional orofacial. A mediana de escore miofuncional orofacial foi 87.5
(83.0-92.7). disturbio miofuncional orofacial esteve estatisticamente associado a
dificuldade alimentar, via alternativa de alimentacéo, seletividade alimentar, preferéncia

por alimentos liquidos/pastosos, estresse nas refeicbes (p<0.05). Treze pacientes



(36.1%) apresentaram respiracdo oral/oronasal, estando associado com seletividade
alimentar (p=0.011) e com realizar refeicdes separadamente da familia (p=0.041).
Menores escores nas fun¢des de degluticdo e de mastigacdo estiveram relacionados a
dificuldade alimentar, (respectivamente p=0.001, p=0.009) e a questdes especificas
relacionadas ao comportamento alimentar. Concluséo: A prevaléncia de dificuldades
alimentares e disturbio miofuncional orofacial em individuos brasileiros com
Glicogenose Hepética é alta. Comportamento alimentar, diminui¢do do paladar e olfato

e aspectos miofuncionais orofaciais estdo associados na Glicogenose Hepatica.

Palavras-chave: Erros Inatos do Metabolismo; Doenca de Depdsito de Glicogénio;
Comportamento Alimentar; Transtornos da Alimentacdo e da Ingestdo de Alimentos;

Sistema Estomatognatico; Terapia Miofuncional.



ABSTRACT

The hepatic glycogen storage diseases are innate errors of glycogen metabolism. The
phenotype depends on the disease subtype and extent of metabolic control, but the
major features include growth retardation, short stature, rounded (“doll’s”) face,
hepatomegaly,  hypoglycemia,  hyperlactatemia, = hypercholesterolemia,  and
hypertriglyceridemia. The treatment includes restricted intake of simple carbohydrates
(fructose, maltose, glucose, lactose, galactose), administration of uncooked cornstarch
several times a day, including overnight; and management of clinical and laboratory
parameters. The prevalence of feeding difficulties and orofacial myofunctional disorders
in these patients is unknown. Objective: To ascertain the prevalence of feeding
difficulties and orofacial myofunctional disorders in patients with GSD. Methods: This
was a cross-sectional, prospective study of 36 patients (19 males, 17 females; median
age, 12.0 years; range, 8.0-18.7 years) with confirmed diagnoses of GSD (type la,
n=22; Ib, n=8; I, n=2; 1Xa, n=3; IXc, n=1). All patients were being treated by a
medical geneticist and a dietitian. Evaluation included a questionnaire for evaluation of
feeding behavior, the orofacial myofunctional evaluation (AMIOFE), olfactory
performance (Sniffin” Sticks test), taste perception (Taste Strips), and facial
anthropometry. Results: Nine (25%) patients had decreased olfactory perception and
four (11%) had decreased taste perception. Eight patients (22.2%) had decreased
perception of sour taste. Twenty-six patients (72.2%) had feeding difficulties, and 18
(50%) had orofacial myofunctional disorders. The median orofacial myofunctional
score was 87.5 (83.0-92.7). Orofacial myofunctional disorders was significantly
associated with feeding difficulty, alternative feeding routes, food selectivity, preference
for fluid and semisolid foods, and mealtime stress (p<0.05). Thirteen patients (36.1%)

exhibited mouth breathing or oronasal breathing, which was significantly associated
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with food selectivity (p=0.011) and not eating together with the rest of the family
(p=0.041). Lower swallowing and chewing scores were associated with feeding
difficulty (p=0.001 and p=0.009, respectively) and with specific issues related to eating
behavior. Conclusion: There is a high prevalence of feeding difficulties and orofacial
myofunctional disorders in patients with hepatic glycogen storage diseases. Eating
behavior, decreased taste and smell perception, and orofacial myofunctional issues are

associated with hepatic glycogen storage diseases.

Keywords: Metabolism, Inborn Errors; Glycogen Storage Disease; Feeding Behavior;

Feeding and Eating Disorders; Stomatognathic System; Myofunctional Therapy

11



LISTA DE ABREVIATURAS E SIGLAS

AMC: Amido de milho cru

AME: Aleitamento materno exclusivo

AMIOFE: Avaliacao miofuncional orofacial com escores
AR: Autossdmica recessiva

BMI: Body mass index (indice de massa corporal)
cm: centimetros

CK: Creatina quinase

DMO: Distarbio miofuncional orofacial

Ex — ch: Distancia entre o canto externo do olho e o cheilion no lado
g: Grama

G —sn: Altura do terco médio da face

GSD I: Glicogenose tipo |

GSD la: Glicogenose tipo la

GSD Ib: Glicogenose tipo Ib

GSD IlI: Glicogenose tipo Il

GSD llla: Glicogenose tipo llla

GSD Illb: Glicogenose tipo I11b

GSD IX: Glicogenose tipo 1X

GSD IXa: Glicogenose tipo IXa

GSD IXb: Glicogenose tipo IXb

GSD IXc: Glicogenose tipo IXc

GSD: Glicogenose

GT: Gastrostomia

Kg: Quilograma

LX: Ligada ao X

12



m: metro

NPO: Nada por via oral

Sn —gn: Altura do terco inferior da face

Sn —sto: Altura do labio superior

SNE: Sonda nasoentérica

Sto — gn: Altura do labio inferior

TCLE: Termo de Consentimento Livre e Esclarecido
Tr —g: Altura do tergo superior da face

VAA: Via alternativa de alimentagéo

VO: Via oral

WHO: World Health Classification

13



LISTA DE FIGURAS

Figura 1: Fluxograma da estratégia de busca na selecao de informacdes sobre

Glicogenose Hepatica, comportamento alimentar e sistema estomatognatico............... 22

Figura 2: Representacao esquematica do metabolismo do glicogénio e classificacdo dos

tipos de Glicogen0SeS HEPALICAS ........c.ccverueiieiieii et 27

Figura 3: Representacdo esquematica da relacdo entre caracteristicas da doenca,

tratamento e suas repercussdes na alimentagdo e no sistema sensério motor oral......... 43

14



LISTA DE TABELAS

Tabela 1: Caracteristicas clinicas e classificacdo dos subtipos de Glicogenose Hepatica

ARTIGO

Table 1: Clinical characteristics and subtypes of Hepatic Glycogen Storage Disease.. 76
Table 2: Hepatic Glycogen Storage Disease — Sample Characterization Data (n= 36) 77

Table 3: Hepatic Glycogen Storage Disease - Comparison between feeding difficulty

and orofacial myofunctional evaluation scores with feeding aspects (n=36)................. 78

Table 4: Hepatic Glycogen Storage Disease - Children and adults in the specific

abilities of orofacial myofunctional test and in the facial anthropometry measurements

15



APRESENTACAO

Esta tese é oriunda de trabalho de Doutorado desenvolvido no Programa de Pds-
Graduacdo em Medicina: Ciéncias Médicas da Universidade Federal do Rio Grande do
Sul. A pesquisa foi desenvolvida no Servico de Genetica Médica do Hospital de
Clinicas de Porto Alegre (HCPA), com financiamento pelo Fundo de Incentivo a
Pesquisa (FIPE) do HCPA. Todos os experimentos com seres humanos apresentados
neste trabalho foram incluidos em projeto de pesquisa aprovado pelo Comité de Etica

em Pesquisa do Grupo de Pesquisa e Pés-Graduacdo do HCPA, nimero 150072.
A presente tese sera estruturada didaticamente em seis capitulos:

e Capitulo | — Introducéo

e Capitulo Il — Reviséo da literatura

e Capitulo Il - Justificativa, mapa conceitual e objetivos
e Referéncias (ndo constitui capitulo)

e Capitulo IV — Artigo cientifico

e Capitulo V — Consideracdes finais e perspectivas futuras

e Capitulo VI — Apéndices
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1 INTRODUCAO

As Glicogenoses (GSDs) Hepaticas sdo erros inatos do metabolismo do
glicogénio e apresentam as seguintes caracteristicas clinicas principais, de acordo com o
subtipo da doenca e com o mau controle metabolico: atraso no crescimento, baixa
estatura, hepatomegalia, hipoglicemia, elevacdo nos niveis sanguineos de lactato,
colesterol e triglicerideos (Wolfsdorf, Weinstein, 2003; Kishnani et al 2014; Derks,
Smit, 2014; Walter et al 2016). O tratamento da doenca é basicamente dietético, com
restricdo ou isencao de carboidratos simples e ingestdo de amido de milho cru (AMC)
frequente, por via oral ou por via alternativa de alimentacdo, para manutencdo da
normoglicemia e bom controle metabdlico (Weinstein, Wolfsdorf, 2002; Rake et al

2002; Chen, Kishnani, 2012; Derks, Smit, 2015).

Sabe-se que a alimentagdo é imprescindivel para a manutencdo da vida por ser a
fonte de nutri¢do e hidratacdo do organismo, além de ser importante para o crescimento
e desenvolvimento do sistema sensério motor oral (Silvério et al 2005; Junqueira,
2017). Além das questbes organicas envolvidas neste processo, é importante salientar o
papel social e afetivo relacionado ao contexto alimentar, iniciando-se na vinculagao
mae-bebé na amamentacdo e estendendo-se também nas relacbes e convivio social nas
refeicOes durante toda a vida. Neste sentido, dificuldades ou alteraces neste processo
podem ocasionar disfun¢des nutricionais, estruturais, afetivas e sociais, visto que a
alimentacdo € um ato aprendido e com importante papel social nas relagdes humanas
(Morris, Klein, 2000; Silvério et al 2005; Batista et al 2007; Chatoor, 2009; Junqueira

2017).

As dificuldades alimentares tem se tornado uma preocupacdo atual, e

independem de questdes socioeconémicas. Caracterizam-se por uma dificuldade no
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processo alimentar, devido a questdes organicas e comportamentais, déficits motores
e/ou sensoriais, recusa ou seletividade aos alimentos, fobia e averséo alimentar, dores e
desconfortos frequentes e duradouros ao comer, entre outros sinais e sintomas, com
graus variados (Morris, Klein, 2000; Benjasuwantep et al 2013; Kerzner et al 2015,

Edwards et al 2015; Gonzalez, 2016).

Sabe-se que entre as principais causas de dificuldades alimentares estdo as
doengas gastrointestinais e cardiorrespiratorias, sintomas e desconfortos como nauseas,
diarreias e vomitos frequentes, habitos familiares inadequados, questdes emocionais e
comportamentais (tais como estresse, ansiedade durante refeices e pressdes do
ambiente) (Morris, Klein, 2000; Dunitz-Scheer et al 2009; Edwards et al 2015;
Gonzélez, 2016). Além disso, na ocorréncia de seletividade e/ou recusa alimentar, o0s
individuos podem ser privados de diversas experiéncias motoras e sensoriais orais, além
de sociais, durante o0 seu crescimento e desenvolvimento, impactando no
comportamento alimentar e nas estruturas e funcdes do sistema sensério motor oral

(Junqueira 2017).

Os pacientes com GSDs hepaticas frequentemente apresentam diversas das
caracteristicas supracitadas, tornando esta populacdo suscetivel a desenvolver
dificuldades alimentares e disturbios miofuncionais orofaciais (DMQOs). Existem
estudos na literatura que investigam alternativas terapéuticas para melhorar a qualidade
de vida dos pacientes com relacdo a doenca e ao tratamento (Hochuli et al 2015; Derks,
Smit, 2015; El-Karaksy et al 2015; Flanagan et al 2015). Também existem pesquisas
que apontam para a ocorréncia de alteracGes orais e dentofaciais nestes individuos
(Baccetti et al 1994; Cleary et al 2002, Bartolli et al 2006), porém destaca-se a escassez
de estudos que investiguem de forma especifica os disturbios miofuncionais orofaciais e

as dificuldades alimentares nestes pacientes.
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2 REVISAO DA LITERATURA

2.1 Estratégias para localizar e selecionar as informacdes

A selecdo de informagdes foi realizada por meio de estratégia de busca com
termos abrangentes, visto que as GSDs hepéticas formam um conjunto de uma doencas
raras e que existem poucos estudos na literatura sobre dificuldades alimentares e sistema
orofacial neste grupo de pacientes. lgualmente, destaca-se a exigua uniformizacdo de
nomenclaturas nacionais e internacionais na area da Fonoaudiologia, com énfase na
alimentacdo e dificuldades alimentares. Foram utilizados os seguintes descritores:
glicogenose (glycogen storage disease), sistema estomatognatico (stomatognathic
system), comportamento alimentar (feeding behaviour), por meio de duas buscas, com a
associacdo dos termos “glicogenose” e “sistema estomatognatico”, bem como
“glicogenose” e “comportamento alimentar” nas bases de dados Medline (via PubMed),
LILACS e SciELO, com periodo de abrangéncia de janeiro de 1970 a dezembro de

2017.

Os critérios de elegibilidade foram: estudos sobre sistema sensério motor oral
e/ou dificuldades alimentares em pacientes com GSDs hepaticas, sem restricdo de
idioma, tipo de estudo ou periodo de publicacdo. Foram excluidos estudos realizados
com pacientes com outros tipos de GSDs (sem envolvimento hepético), outras doencas,
estudos com modelos animais ou que ndo mencionassem de forma clara as questdes

orofaciais e/ou 0 comportamento alimentar dos pacientes.

Referente a combinagdo dos termos “glicogenose” e ‘“‘comportamento
alimentar”, foram identificados 56 artigos nas bases de dados Medline, LILACS e

SciELO. Destes, quatro foram incluidos conforme os critérios de elegibilidade. A busca
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com os termos “glicogenose” e “sistema estomatognatico” identificou 29 artigos, nas

mesmas bases de dados e no mesmo periodo de tempo. Destes, onze foram incluidos na

presente revisao, conforme apresentado na figura 1.

Estratégia de busca “Glicogenose” e
“Comportamento Alimentar”

Estudos
potencialmente
identificados
n=56
(n=29 PUBMED; n=2
LILACS; n=0 SciELO)

Estratégia de busca “Glicogenose” e
“Sistema Estomatognatico”

Leitura do texto
completo
n=45

Estudos excluidos
n=11
(outras formas de
Glicogenose, outras
doengas, modelos animais)

Estudos
potencialmente
identificados
n=29
(n=29 PUBMED; n=0
LILACS e SciELO)

Leitura do texto
completo
n=18

Estudos excluidos
n=11
(outras formas de
Glicogenose, outras
doengas, modelos animais)

Estudos excluidos
n=41
(outras formas de
Glicogenose, outras
doengas, ndo relacionado
ao tema)

Estudos incluidos
n=4

Estudos excluidos
n=7
(outras formas de
Glicogenose, outras
doengas, ndo relacionado
sistema estomatognatico)

Estudos incluidos
n=11

Figura 1: Fluxograma da estratégia de busca na selecdo de informacGes sobre Glicogenose

Hepatica, comportamento alimentar e sistema estomatognatico.

2.1.1 InformacGes selecionadas sobre Glicogenose Hepéatica e Comportamento

Alimentar

Os quatro estudos incluidos na revisao sobre GSDs hepaticas e Comportamento

Alimentar ndo incluiram avalia¢cGes ou programas de intervencao especificos nesta area,

porém mencionavam a preocupagdo constante com 0s possiveis impactos da doenca e
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do tratamento dietético no processo alimentar e na qualidade de vida dos pacientes e
seus familiares (Correia et al 2008; Hochuli et al 2015; Derks, Smit 2015; El-Karaksy et
al 2015). Neste contexto, destaca-se o estudo de Correia et al (2008) que descreveu a
importancia de atentar para a qualidade de vida dos pacientes e suas familias sobre a
necessidade de ingestdo e/ou administracdo de AMC durante a noite. Hochuli et al
(2015) apresentaram o estudo do consumo de um amido de milho modificado a noite,
como sendo uma alternativa adequada e mais palatavel para manutencdo do controle de
glicemia noturna em pacientes adultos com GSD I. O estudo de Derks e Smit (2015)
também ressaltou a importancia de intervencdes integradas no tratamento da GSD Il e
El-Karaksy e colaboradores (2015) apresentaram a sugestdo de programacao individual

das doses de AMC para melhorar o apetite de criangas.

Observa-se que embora exista uma preocupacdo constante e atual sobre o
tratamento dietético, alimentacdo e qualidade de vida destes pacientes, ainda existe
lacuna na literatura referente a investigacGes especificas sobre este tema, sendo ainda
que nenhum estudo incluiu atuacdo fonoaudiologica. Referéncias secundarias foram
analisadas, sendo estas oriundas de busca manual em listas de referéncias dos artigos
identificados. O estudo de Flanagan et al (2015), que investiga a autoestima corporal € a
alimentacdo na doenca. Neste trabalho, os autores reforcaram novamente a necessidade
de abordar aspectos de satde mental, alimentacao e autoestima no acompanhamento de

individuos com GSD.
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2.1.2 Informacdes selecionadas sobre Glicogenose Hepética e Sistema

Estomatognético

Dos onze estudos selecionados na revisdo sobre GSDs e Sistema
Estomatognatico, apenas dois incluiram avaliagbes da musculatura orofacial (Schochet
et al 1971; Horvath et al 2012). Os demais estudos, identificados na busca, estdo
relacionados a descrigdo de manifestagdes orais e dentofaciais, por meio de intervencgdes
odontoldgicas na doenga (Ralls, Marshal, 1971; Herzog et al 1986; Barrett et al 1990;
Baccetti et al 1994; Avsar, 2007; Salapata et al 1995, Kidd et al 2002; Mortellaro et al

2005; Bartoli et al 2006).

O estudo de Schochet e colaborares (1971) avaliou, com microscopia eletronica,
a musculatura esquelética de um paciente com GSD 1V, identificando depdsitos de
polissacarideos mais abundantes na lingua e no diafragma do que em outros musculos
esqueléticos. J& o estudo de Horvath e colaboradores (2012) apresentou trés pacientes
com GSD llla (forma da doen¢a com envolvimento hepatico e muscular), com fraqueza
na avaliacdo instrumental da forca lingual, apresentando disartria e/ou disfagia leve.
Nesse estudo, foi realizada também ressonancia magnética em um dos pacientes,
evidenciando infiltracdo gordurosa na base da musculatura intrinseca da lingua. Os
autores concluem a necessidade de investigacdo detalhada com grupo maior de
pacientes com GSD Ill para determinar a incidéncia de comprometimento muscular na

lingua destes pacientes.

Outros estudos incluidos na revisao relatam achados principalmente referentes a
questBes odontoldgicas, manifestacbes orais e dentofaciais nas GSDs, tais como
erupcdo dentaria atrasada, achados radiograficos de taurodontismo e reducdo das

dimensdes do complexo craniofacial, do maxilar superior, resultando em mordida
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cruzada posterior (Baccetti et al 1994; Avsar, 2007). Referente as manifestagdes orais, 0
estudo de Herzog e colaboradores (1986) relatou 0 manejo cirargico oral de um paciente
com GSD; ja os estudos de Ralls e Marshal (1971), Barrett et al (1990), Salapata et al
(1995), Kidd et al (2002), Mortellaro et al (2005), Bartoli et al (2006), identificaram os
seguintes achados: doenca periodontal, placas e gengivite, multiplas Ulceras orais
profundas na lingua, na mucosa labial e vestibular, sangramento na regido oral,
principalmente em pacientes com GSD Ib, provavelmente associados ao
comprometimento imunoldgico, além de manchas no esmalte dos dentes caracteristicas

de hipomineralizacdo, provocando maior suscetibilidade a céaries.

Para complementar a pesquisa, optou-se por realizar busca manual por outros
artigos relacionados ao tema, analisando-se as referéncias dos estudos identificados. O
estudo de Cleary et al (2002), com pacientes com GSD Ill, apresentando uma série de
alteracOes faciais, como hipoplasia de face média, entre outras. Os autores apontam
ainda que muitos individuos relataram alteracfes clinicas (otite e sinusite recorrente)
provavelmente em decorréncia das alteragcdes craniofaciais. O estudo de Verbeek et al
(2016) incluiu ultrassonografia muscular (musculos biceps, quadriceps, panturrilha e
tibial anterior) de pacientes com subtipos | e Ill, identificando que, na infancia, ambos
0s subtipos apresentam sintomas de miopatia; sendo que no tipo I, os sintomas
melhoram na fase adulta. Destaca-se que nenhum dos estudos identificados incluiu

atuacédo fonoaudiolégica na avaliacao.

2.2 Glicogenoses

As doencas de depdsito do glicogénio (Glicogenoses) sdo um grupo de
alteracOes genéticas metabdlicas resultantes de um defeito na sintese ou degradagéo do

glicogénio, sendo subdivididas numericamente segundo a ordem de identificacdo dos
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defeitos enziméticos e de acordo com os 6rgdos acometidos e manifestacfes clinicas

(Walter et al 2016). As formas hepéticas da doenca séo: glicogenose tipo 0, | (la e Ib),

11 (Ia e Nb), IV, VI, IX (IXa, 1Xb, IXc), XI.

Na tabela 1, observa-se a classificacdo dos subtipos da doenca e na figura 2 é

apresentado um esquema do metabolismo do glicogénio e classificagdo das GSDs

hepéticas. Estas representacbes foram realizadas com dados prévios na literatura

(Wolfsdorf, Weinstein, 2003; Beauchamp et al 2007; Dagli et al 2012; Chen et al 2014;

Nalin, 2015; Bali et al 2016).

Tabela 1: Caracteristicas clinicas e classificacdo dos subtipos de Glicogenose Hepatica

Tipo Enzima Gene Heranga Caracteristicas Clinicas Tratamento
(MIM)
0 Glicogénio sintase  GYS2 AR Hipoglicemia  cetética ao Dieta hiperproteica e
(240600) jejum, hiperglicemia, com carboidratos
hiperlactacidemia e complexos de baixo
hiperlipidemia  p6és-prandial, indice glicémico; uso
sem hepatomegalia. noturno de AMC
la Glicose-6- G6PC AR Hipoglicemia, hepatomegalia, Uso de AMC; restricao
(232200) fosfatase retardo  no  crescimento, de galactose, frutose,
acidose latica, hiperuricemia e lactose e sacarose
hiperlipidemia
Ib Transportador de SLC37A4 AR Semelhante a la, com Uso de AMC; restricdo
(232220) Glicose-6-fosfato neutropenia (infeccdes de galactose, frutose,
recorrentes, doenca lactose e sacarose. Uso
inflamatdria intestinal) de filgastrima
Illa e Enzima AGL AR Hepatomegalia, hipoglicemia Uso de AMC; dieta
11b desramificadora cetotica, retardo no hiperproteica; restricdo
(232400) de glicogénio crescimento, elevagdo de de sacarose
enzimas hepéticas e CK. No
tipo Illa ocorre também
fraqueza muscular e
cardiomiopatia
1V Enzima GBE1 AR Hepatomegalia, retardo no Transplante de figado
(232500) ramificadora  de crescimento e cirrose Nos casos graves
glicogénio
Vi Glicogénio PYGL AR Hepatomegalia, retardo no Aumento na ingesta de
(231700) fosforilase crescimento, hipoglicemia, carboidrato, alimentacdo
hepética hiperlipidemia e frequente e
hipercetoseleves hiperproteica em casos
sintomaticos
IXal e Fosforilasequinase PHKA2 LX Hepatomegalia, hipoglicemia Uso de AMC, dieta
1Xa2 (subunidade alfa) cetdtica ao jejum, retardo no hiperproteica, evitar
(306000) crescimento, elevacdo de grandes quantidades de
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IXb Fosforilasequinase PHKB
(261750) (subunidade beta)
1Xc Fosforilasequinase PHKG2
(613027) (subunidade

gama)
Xl Transportador de GLUT2
(227810) glicose-2

enzimas hepaticas e
hiperlipidemialeves

AR Semelhante a IXa

AR Semelhante a IXa e cirrose
hepéatica

AR Hipoglicemia,  déficit no

crescimento, raquitismo e
abdome protuberante devido
ao aumento do tamanho do
figado e rins

sacarose
Semelhante a IXa

Semelhante a 1Xa

Restricdo da ingestéo de
galactose,
suplementacdo de agua,
ingestdo de  AMC,
eletrolitos e vitamina D

Siglas: AR (autossdmica recessiva); LX (ligada ao X); AMC (amido de milho cru). Fonte: Wolfsdorf, Weinstein (2003);
Beauchamp et al (2007); Dagli et al (2016); Bali et al (2016); Chen et al (2014); Nalin (2015)

Amilo-1 ,4-1,6-glicosidase Fosfarilase
(Enzima ramificadora) quinase GSD IX
GSDIV . C
4 Glicogénio ¥
Glicogénio Glicogénio
Sintase ™. Fosforilase G50 VI
espo % e
UDP-Glicose Amila-1.6-gli
_._-——{Enzima desramificadora)
GsSD I
Glicose-1-P
&
Via das Penicses ¥ ¥
5 I — I —
Ribose-5-P Glicose-6-P » Glicose +—
Y & Glicose-6-fosfatase
Mcida Urica
v GsSD I
Frutose-6-F
TT
Frutose-1,6-P2
‘l
Piruvato
. L] v v
MAcidas graxos i .
fvres A— Acetil-Cof Lactaio Alanina
¥
L Ciclo de Krabs
Triglicerideos

cosidase
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Figura 2: Representacdo esquematica do metabolismo do glicogénio e classificagdo

dos tipos de Glicogenoses Hepaticas
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A frequéncia global de todas as formas de GSD € de aproximadamente 1 em
20.000 nascidos vivos e as formas hepéticas sdo herdadas com carater autossémico
recessivo em sua grande maioria, com exce¢do da tipo 1Xa, que é ligada ao X
(Hendriksz, Gissen, 2011; Chen, Kishnani, 2012). Estima-se que as formas mais
frequentes da doenca sejam os tipos I, Il e IX, que serdo apresentadas

separadamente a seguir.

2.2.1 Glicogenose Hepatica tipo |

A GSD tipo | € caracterizada pelo acimulo de glicogénio no figado e nos rins,
ocasionando o aumento destes 6rgdos. Os dois subtipos da doenca (GSD la e GSD
Ib) sdo clinicamente indistinguiveis. Em recém-nascidos ndo tratados, pode-se
observar hipoglicemia grave. Ja em bebés ndo tratados, por volta de trés meses de
vida, observa-se com frequéncia: hepatomegalia, acidose lactica, hiperuricemia,
hiperlipidemia, hipertrigliceridemia e convulsdes hipoglicémicas. Outras
caracteristicas clinicas na doenca incluem: face de boneca com aumento de
bochechas, baixa estatura e abddémen protuberante. Xantoma e diarreia também

podem estar presentes (Bali et al 2016).

A forma la da doenca, também conhecida como doenca de Von Gierke, é
causada pela deficiéncia da enzima glicose-6-fosfatase (G6Pase), situada no reticulo
endoplasmatico com expressao principalmente em figado, rins e intestino. O gene
G6Pase localiza-se no cromossomo 17g21.31 (Brody et al 1995; Bali et al 2016).
Individuos com GSD la ndo tratados apresentam retardo de crescimento, resultando
em baixa estatura, osteoporose, puberdade tardia, gota, doenga renal, hipertensao

pulmonar, adenomas hepaticos com potencial para transformacdo maligna, ovarios
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policisticos, pancreatite e alteracbes na fungdo cerebral. Vale destacar que em
individuos tratados, espera-se importante reducdo de complicacBes na vida adulta,

puberdade e crescimento normal (Bali et al 2016).

A forma Ib é causada por um defeito no transportador de glicose-6-fosfato
(G6PT). O gene SLC37a4, mapeado em humanos, encontra-se no Cromossomo
11923.3 (Annabi et al 1998). Neste subtipo, sdo observadas caracteristicas clinicas
semelhantes ao tipo la, porém com achados adicionais de neutropenia e disfuncao
plaquetaria, ocasionando tendéncia ao sangramento com epistaxe, infec¢des
recorrentes, entre outros. Em pacientes ndo tratados, ocorre neutropenia crénica ap6s
0s primeiros anos de vida, que resulta em infeccbes bacterianas recorrentes e Ulceras

na mucosa bucal e intestinal (Kishnani et al 2014; Bali et al 2016).

O diagnostico da GSD | costuma ocorrer pela combinacdo de achados
clinicos, testes bioguimicos e genéticos (Walter et al 2016). Neste sentido, na GSD
la, pode ser realizada a analise do gene G6PC. A pesquisa de mutacdes em G6PT
deve ser realizada no caso de pacientes com neutropenia e infec¢des recorrentes, ou
que apresentem outras caracteristicas clinicas da GSD Ib (Walter et al 2016).
Também costuma ser realizada biopsia hepética para diagnostico, em funcdo de
ocorrer atividade enzimatica hepatica deficiente (atividade catalitica de glicose-6-

fosfatase ou atividade do transportador de glicose-6-fosfato) (Bali et al 2016).

A G6Pase e G6PT, conjuntas, formam um complexo funcional responsavel
pela produgdo de glicose, catalisando os pontos finais da glicolise e da
gliconeogénese (Bali et al 2016). No caso da GSD |, ambas estdo alteradas. Por esta
producéo endogena de glicose estar alterada ou ausente, e pelas rotas alternativas que

a enzima glicose-6-fosfato segue, ocorrem alteracfes metabolicas, especialmente
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apos curto periodo de jejum (Bali et al 2016), fazendo com que este subtipo necessite

de maior controle dietético.

2.2.2 Glicogenose Hepatica tipo 111

A GSD Il é causada pela deficiéncia da enzima desramificadora do
glicogénio (amilo-1,6-glicosidase). Evidéncias mostram que o gene AGL localiza-se
no cromossomo 1p21.2 (Bao et al 1996). Para que ocorra a liberagcdo da glicose do
glicogénio, ha a necessidade de acdo de ambas as enzimas glicogénio fosforilase e
desramificadora do glicogénio (Endo et al 2006; Ozen, 2007). Na auséncia e/ou
deficiéncia da enzima desramificadora, h& a interrupcdo de glicogendlise nos pontos
de ramificagdo mais externos, e, consequentemente, ocorre acumulo anormal de
glicogénio nos 6rgédos. Portanto, na GSD Ill, este acimulo pode acometer figado,

musculo cardiaco e muasculos esqueléticos (Dagli et al 2016).

A GSD 11 possui dois subtipos, tipos Illa e I1Ib. A GSD llla é a mais comum,
presente em cerca de 85% dos individuos afetados, e manifesta-se com
comprometimento do figado e dos musculos. A GSD Illb, que possui somente
envolvimento hepético, compreende cerca de 15% de todas as GSD Ill. Na infancia,
as principais caracteristicas clinicas sdo: hipoglicemia cet6tica, hepatomegalia,
hiperlipidemia, aumento de transaminases hepaticas e creatina quinase (CK). Na
adolescéncia e na idade adulta, a doenca hepatica pode se tornar menos proeminente

(Dagli et al 2016).

Em individuos ndo tratados com GSD llla, além das caracteristicas
supracitadas, pode-se observar também alteracbes musculares, devido ao
comprometimento hepatomuscular desta forma da doenca. A miocardiopatia

hipertréfica desenvolve-se com frequéncia nos pacientes, geralmente durante a
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infancia, podendo variar de assintomético (frequentemente) a disfuncdo cardiaca
grave, a insuficiéncia cardiaca congestiva e (raramente) a morte stbita. A miopatia
esquelética costuma se manifestar por fraqueza muscular, ndo sendo muito evidente
na infancia, mas apresentando progressdo lenta, com sintomas mais evidentes na
terceira e a quarta década de vida (Dagli et al 2016). Na GSD Illb, o quadro clinico é
semelhante ao tipo Illa, porém com auséncia de sintomas musculares, visto que esta
forma afeta apenas o figado (Chen, Kishnani, 2012; Derks, Smit, 2014; Dagli et al

2016).

O diagnostico da GSD I, assim como em outras GSDs, ocorre com a
suspeita clinica da doenca devido aos sintomas de hepatomegalia e hipoglicemia,
podendo ocorrer também os achados laboratoriais de elevacdo em transaminases
hepéaticas e em CK neste subtipo de GSD. Em geral, o diagnéstico é confirmado
através da medida anormal de glicogénio no figado e/ou musculo, ou ainda por meio
da medida da atividade da amilo-1,6-glicosidase no figado, mdsculo e nos eritrocitos.
Destaca-se que a medida no musculo é fundamental para se possa diferenciar o0s

subtipos GSD Illa e IlIb (Dagli et al 2016).

2.2.3 Glicogenose Hepatica tipo 1X

A Glicogenose tipo IX é causada pela deficiéncia da enzima fosforilase
quinase (PhK), sendo subdividida em tipos IXa, IXb e IXc. As caracteristicas clinicas
incluem principalmente: hepatomegalia, retardo de crescimento, hipoglicemia
hipercetdtica, com tendéncia de melhora na vida adulta e com o tratamento. Outros
achados incluem alteracdo de parametros laboratoriais, com aumento de

transaminases hepaticas, colesterol e triglicerideos, além de fibrose hepatica,
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podendo evoluir para cirrose quando nédo tratada ou em pacientes com mau controle

metabolico (Goldstein et al 2011).

A GSD IXa é o subtipo mais comum, sendo causada por mutacGes em
PHKAZ2, com localizagdo em Xp22.13. Este subtipo € o Unico com padréo de heranca
Ligada ao X. A GSD IXb é causada por alteracdes no gene PHKB, com localizacéo
citogenética em 16¢12.1, possuindo padrdo de heranga autossémica recessiva. A
GSD IXc é causada por mutacdes em PHKG2, com localizagdo em 16p11.2, também
com padrdo de heranga autossdmica recessiva. Na literatura, esta descrita incidéncia
estimada de 1:100.000 para deficiéncia de PhK hepatica (Goldstein et al 2011;

Walter et al 2016).

O diagnostico da GSD 1X é baseado em achados clinicos, ensaio de atividade
da enzima PhK em eritrdcitos, tecidos do figado ou musculo (dependendo da
apresentacdo) e achados confirmatorios em testes genéticos moleculares (Goldstein
et al 2011). A GSD IXa frequentemente apresenta manifestaces mais leves da
doenca. Embora o tratamento também inclua dieta restritiva, a ingestdo de AMC
costuma ser em quantidades menores em comparacdo com a GSD |, devido a maior

tolerancia ao jejum (Wolfsdorf, Weinstein, 2003, Goldstein et al 2011; Nalin, 2015)

2.3.4 Tratamento das Glicogenoses Hepaticas

O tratamento das GSDs hepaticas dependera do subtipo da doenca, mas de
forma geral devera incluir acompanhamento com equipe multidisciplinar,
envolvendo principalmente médico e nutricionista, além de outras especialidades da
Medicina, Enfermagem, Psicologia e Fonoaudiologia. Busca-se 0 manejo de
parametros clinicos (crescimento, estatura e peso, tamanho do figado e outros 6rgéos,

desenvolvimento motor, pardmetros neuromusculares, presséo arterial, entre outros),

32



pardmetros laboratoriais (glicose, lactato, fungdo hepética e provas canaliculares,
colesterol, triglicerideos, creatina quinase, cetonas, entre outros) e pardmetros

cardiacos (Rake et al 2002; Kishnani et al 2014; Walter et al 2016).

Além do controle dos pardmetros supracitados, outro aspecto importante a ser
destacado é o manejo dietético realizado durante toda a vida, dependendo do subtipo
de GSD, sendo mais rigoroso em algumas formas da doenga, principalmente as que
cursam com hipoglicemia. De forma geral, ha a necessidade de restri¢cdo ou isengdo
de carboidratos simples (frutose, sacarose, maltose, galactose, lactose), e
fornecimento frequente de carboidratos exdgenos (por via oral ou enteral), como o
AMC, misturado a agua, diversas vezes ao dia, incluindo o periodo noturno, para
prevencdo da hipoglicemia e distdrbios metabolicos secundarios, visto que muitos
pacientes ndo toleram jejum superior a trés horas. (Wolfsdorf, Weinstein, 2003;
Chen, Kishnani, 2012; Derks, Smit, 2015; Walter et al 2016). Portanto, devido as
restricbes e a necessidade de alimentacdo continua, muitos pacientes possuem

indicacdo de via alternativa de alimentacdo (Rake et al 2002).

Fazendo uma revisdo histdrica sobre a evolugdo do tratamento nas GSDs
hepéticas, destaca-se 0 ano de 1974 com a proposta de dieta continua para
manutencdo da normoglicemia e prevencdo de alteragdes metabolicas secundarias
(Burr et al 1974). Apos, Chen e colaboradores (1984) propdem a utilizacdo de AMC,
a cada quatro horas, como alternativa para o tratamento da GSD I, visando o
aumento da tolerancia ao jejum. Ambas as terapias (infusdo continua e AMC)
apresentam bons resultados no controle metabdlico dos pacientes com GSD (Derks et
al 2013; Shah and O’Dell, 2013). No entanto, destaca-se que o uso do AMC ndo
pode ser adicionado a &gua morna, quente ou a componentes citricos, pois esta

combinacdo pode acelerar a hidrolise do amido e diminuir seu tempo de acdo no
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organismo (Reis et al 1999). Por fim, destaca-se que o transplante hepatico também
pode ser uma opcdo no caso de pacientes com complicagdes graves (Morioka et al

2005).

2.3 Dificuldades Alimentares

Estudos na literatura mostram que as dificuldade alimentares sdo comuns na
infancia, podendo afetar 50% das criangas independente do sexo ou de questfes
socioeconémicas (Carruth et al 2004; Wright et al 2007; Chatoor, 2009; Mascola et
al 2010; Benjasuwantep et al 2013; Kerzner et al 2015). Observa-se 0 aumento no
namero de estudos sobre este tema nos Ultimos anos, porém ainda existem lacunas na
literatura, principalmente quanto ao consenso da nomenclatura, aos instrumentos e
formas de avaliacdo, a compreensdo da dificuldade alimentar, a classificacdo e
gravidade da dificuldade e as formas de intervencdo e tratamento de individuos
saudaveis e com diagndsticos associados, doencas de base ou dificuldades no

desenvolvimento. (Kerzner et al 2015, Edwards et al 2015, Junqueira, 2017)

Em um estudo recente, Kerzner e colaboradores (2015) propdem estratégias
para classificacdo das dificuldades alimentares, descrevendo que a dificuldade
alimentar frequentemente integra questdes organicas e comportamentais do paciente,
comportamento e estilo alimentar da familia, e ainda pode envolver ampla variagdo
na especificidade e gravidade da dificuldade alimentar. De acordo com a literatura,
as principais condi¢bes organicas associadas a dificuldade alimentar sdo: disfagia,
doencas e alteragbes gastrointestinais, metabdlicas e cardiorrespiratorias,
anormalidades estruturais e mecanicas, como distdrbios miofuncionais orofaciais,
déficits no crescimento, via alternativa de alimentagdo. Outras questdes que também
estdo relacionadas diretamente sdo: duracdo prolongada das refeigcdes, recusa

duradoura de alimentos, estresse durante a refeicdo, falta de autonomia e/ou distracéo
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para favorecer a ingestdo dos alimentos, dificuldade para ingerir texturas diferentes,
seletividade e fixagdo pelos mesmos alimentos (Carruth et al 2004; Wright et al
2007; Chatoor, 2009; Dunitz-Scheer et al 2009; Mascola et al 2010; Benjasuwantep

et al 2013; Edwards et al 2015; Kerzner et al 2015).

O consenso quanto a nomenclatura a ser adotada permanece um desafio.
Kerzner et al (2015) agrupa quatro principais termos comumente utilizados na
literatura: “neofobia” (rejei¢do a alimentos novos ou desconhecidos), “exigente para
comer/seletividade alimentar” (refere-se a criangas que selecionam demasiadamente
e/ou apresentam sensibilidade alta aos alimentos ou ainda que apresentem
inapeténcia); “transtorno alimentar” (termo que se refere a presenca de problema,
comumente de ordem grave, com impactos organicos, nutricionais ou emocionais na
crianga); “dificuldade alimentar” (termo amplo que refere-se a presenca de qualquer

problema ou queixa no processo de alimentacao).

Os mesmos autores (Kerzner et al 2015) propdem a seguinte classificacdo das
dificuldades alimentares nestas trés categorias principais. Dentre elas: 1) criancas que
ndo comem o suficiente (apetite limitado); 2) criancas que comem uma variedade
inadequada de alimentos (ingestdo seletiva); 3) criancas com medo de comer (fobia
ou aversdo alimentar). Propdem que cada categoria seja subdividida e classificada
conforme as proposicdes: erro de percepcdo dos pais sobre a dificuldade alimentar;
questBes comportamentais, questdes organicas, estilo de alimentacdo dos familiares,

variando de leve a grave.

Vale salientar que no caso de individuos que apresentem condigdes organicas
associadas a dificuldade alimentar, torna-se fundamental a resolucéo destas situacoes

médicas para melhora do apetite e do comportamento alimentar, sendo que 0 manejo
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nestes casos costuma ser complexo, podendo envolver o uso de vias alternativas de
alimentacdo (Kerzner et al 2015). Em oposic¢do, sabe-se que 0 uso destes recursos
também pode impactar negativamente no comportamento alimentar do individuo

(Dunitz-Scheer et al 2009).

2.4 Sistema Sensorio Motor Oral (Estruturas e Fungfes Estomatognaticas)

O sistema sensorio motor oral, também denominado como sistema
estomatognatico (Sociedade Brasileira de Fonoaudiologia, 2007), é composto por
0ss0s, dentes, articulagdo temporomandibular, masculos, sistema vascular e nervoso
e espacos vazios. AlteracBes nestes 6rgdos acarretam em disturbios de funcdes
estomatognaticas, como succ¢do, respiragdo, mastigacdo, degluticdo e fala, podendo
comprometer significativamente o processo alimentar, a satde, a qualidade de vida
do paciente (Marchesan, 2005; Silvério et al 2005; Junqueira, 2017). De acordo com
a Sociedade Brasileira de Fonoaudiologia (2007), alteracbes que envolvam a
musculatura orofacial, interferindo no crescimento, desenvolvimento ou
funcionamento das estruturas e fungbes estomatognaticas caracterizam a presenca de

DMO.

No contexto dos DMOs, entende-se que estes podem impactar de forma
negativa na alimentacao, devido a dificuldade na succao, mastigacédo e degluticdo dos
alimentos (Junqueira, 2015), pois para que ocorra um adequado desenvolvimento das
estruturas e fungBes orofaciais & necessario que exista uma relacdo positiva entre
forma (estrutura) e funcdo. Em contrapartida, fungdes orofaciais inadequadas e o0 uso
de habitos orais deletérios também trazem consequéncias para o desenvolvimento
motor oral e influenciam de forma negativa na oclusdo dentaria e nas demais

estruturas orofaciais (Maciel et al 2007). Portanto, o DMO possui relacdo

36



interdependente com a dificuldade alimentar, podendo ser causa ou consequéncia do

problema (Cattoni, 2003; Cattoni, Fernandes, 2009; Kerzner et al 2015).

2.5 Sentidos Quimicos

O paladar ou gustacdo é uma complexa e rica experiéncia sensorial que
relaciona fungGes emocionais e comportamentais do sistema nervoso central, tais
como apetite, preferéncia inata e aprendizado, além de sobrevivéncia bioldgica
associada as necessidades metabdlicas e nutritivas do corpo, além de reconhecimento
de alimentos indesejaveis e letais. Da mesma forma, o olfato é um sentido quimico
que esta relacionado ao prazer, a qualidade de vida e a alimentacdo na fase
preparatoria oral e saciedade, estando também associado a sobrevivéncia bioldgica

no reconhecimento de alimentos estragados ou substancias tdxicas (Guyton, 2011).

Com base no exposto, entende-se que 0S pProcessos sensoriais estdo
relacionados e interferem na alimentacdo, pois interagem entre si, e com outros
sentidos e vias neurais, participando também do controle do apetite e da saciedade,
que culminam na iniciacdo e no término da alimentacdo (Cambraia, 2004). Estudos
na literatura tem investigado possiveis relacdes entre preferéncia alimentares
(especificamente sobre o sabor dos alimentos), e dificuldades alimentares na
Fenilcetonuria, doenca genética (erro inato do metabolismo) que necessita tratamento
dietético com restricdo alimentar e ingestdo de formula metabdlica (Evans et al 2016;

Evans et al 2017).

O estudo de revisdo de Machado e Mezzomo (2011) também cita que a
relacdo entre respiracdo oral e modificacdo no processo geral de alimentagéo,
associada as dificuldades no olfato, paladar e distarbios miofuncionais orofaciais

podem repercutir no estado nutricional, prejudicando o desenvolvimento e equilibrio
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postural do paciente. Os autores também referem a importancia do desenvolvimento
de mais estudos na area para compreensdo da relagdo entre estes processos e

distdrbios.

2.6 Sistema sensério motor oral e dificuldades alimentares nas Glicogenoses
Hepéaticas

As condigcbes agudas e cronicas de satude possuem importante influéncia no
comportamento alimentar, podendo impactar em questdes como apetite, fome e
saciedade, habilidades motoras, conforto e prazer durante a alimentacdo, alem de
questdes emocionais e sociais envolvidas no processo alimentar (Jungueira et al
2015; Junqueira, 2017). Diante do exposto, entende-se que o paciente com GSD
hepéatica apresenta diversas questdes clinicas, organicas e comportamentais, que

podem afetar de forma significativa o processo alimentar.

Este grupo de pacientes frequentemente apresenta sintomas e/ou doencas
gastrointestinais agudas e crénicas, tais como hepatomegalia, adenomas hepaticos,
diarreia, enteropatia, danos na mucosa intestinal, cirrose e carcinoma hepético, entre
outros (Rake et al 2002; Weinstein, Wolfsdorf, 2002; Lucchiari et al 2007). Neste
contexto, ressalta-se que o conforto alimentar é influenciado significativamente na
presenca de alteracBes gastrointestinais, pois causam dores, nauseas, diarreias e

diminuicdo do apetite.

Outro fator importante a ser destacado € a necessidade de ingestdo frequente
de AMC, misturado a &gua, no tratamento da doenca. No caso da GSD |, a indicagéo
do AMC costuma ser a cada trés horas devido a baixa tolerancia ao jejum destes

pacientes (Weinstein, Wolfsdorf, 2002; Rake et al 2002). Embora ndo exista clareza
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na literatura sobre a interferéncia do tratamento com AMC no comportamento
alimentar dos pacientes, entende-se que a sua administracdo interfere na relacdo de
fome e saciedade e no padrdo mastigatério dos pacientes, visto que estes
frequentemente irdo substituir alimentos solidos pela ingestdo do AMC, que é

apresentado na consisténcia liquida.

Conforme descrito anteriormente, os héabitos familiares e as questdes
socioemocionais também possuem importante influéncia no comportamento
alimentar do individuo (Cambraia, 2004; Kerzner et al 2015; Edwards et al 2015).
Neste contexto, destaca-se a possivel relacdo entre GSDs hepaticas e fobia e/ou
aversdo alimentar. Visto que os pacientes com GSD hepéatica necessitam ingerir
alimentos conforme dieta restrita de carboidratos simples e em horérios pré-
determinados, conforme indicacdo médica e nutricional, entende-se que este fato
pode estar interferindo nas relac@es sociais e emocionais associadas a alimentacao,
pois frequentemente ha a necessidade de ingestdo de alimentos diferentes e em

horarios diversos aqueles dos locais de convivéncia do paciente.

Ainda referente a dindmica alimentar e tratamento dietético, entende-se que
paciente e familiares podem apresentar quadros de ansiedade e estresse constante na
tentativa de evitar a hipoglicemia. Igualmente, existe a necessidade de interromper o
sono diariamente para receber AMC 1 a 3 vezes por noite, causando prejuizos
importantes. O esfor¢o pode ser exaustivo e a fadiga resultante pode afetar o trabalho
e a qualidade de vida dos pacientes e suas familias. Além disso, o esgotamento de
acordar todas as noites eventualmente leva ao adiamento da administragéo de uma
dose de AMC, o que coloca os individuos com GSD em risco extremo de

hipoglicemia (Correia et al 2008).
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3 JUSTIFICATIVA

As GSDs hepaticas sdo doencas genéticas que frequentemente cursam com
alteragBes gastrointestinais, atraso no crescimento, entre outras questdes clinicas e
laboratoriais principalmente em individuos ndo tratados ou com mau controle
metabdlico. O tratamento é basicamente dietético, com restricdo ou isencdo de
carboidratos simples e ingestdo frequente de AMC para manutencdo da
normoglicemia. Para tanto, diversos pacientes possuem indicacdo de via alternativa
de alimentacdo para garantir o aporte caldrico necessario e prevenir hipoglicemia,

principalmente no periodo noturno.

A doenga, suas possiveis complicacdes e o tratamento podem interferir na
alimentacdo e no sistema sensério motor oral do paciente, visto que as questdes
mecanicas e estruturais organicas (como as alteracdes gastrointestinais, os distlrbios
miofuncionais orofaciais e 0 uso de via alternativa de alimentacdo como estratégia de
tratamento), assim como as questdes comportamentais (a exemplo de mudanca de
habitos e rotinas alimentares da familia, estresse relacionado a alimentacéo) sdo
causas frequentes de dificuldades alimentares. Neste sentido, destaca-se a
insuficiéncia de estudos na area e a importancia da investigacdo sobre
comportamento alimentar e sistema sensério motor oral nesta doenca, visando a
identificacdo de alteracdes e a compreensao da relacdo entre os achados e a doenca

para o oferecimento de intervengdes futuras nesta populagéo.
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4 MAPA CONCEITUAL

As GSDs hepaticas séo erros inatos do metabolismo do glicogénio. De acordo
com o subtipo da doenca e com 0 mau controle metabdlico, podem apresentar: atraso
no crescimento, baixa estatura, face arredondada, hepatomegalia, hipoglicemia,
elevacdo nos niveis sanguineos de lactato, colesterol, triglicerideos e &cido drico
(Kishnani et al 2014; Chen e Kishnani, 2012; Derks, Smit, 2014). O tratamento é
basicamente dietético com restricdo ou isencéo de carboidratos simples e ingestdo de
AMC, por via oral ou via alternativa de alimentacdo, diversas vezes ao dia, incluindo
0 periodo noturno, pois alguns pacientes nao toleram jejum superior a trés horas.

(Rake et al 2002; Chen, Kishnani, 2012; Derks, Smit, 2015).

As caracteristicas da doenca e 0 seu tratamento envolvem diversas questfes
orgénicas e comportamentais que frequentemente estdo associadas as dificuldades
alimentares e aos disturbios miofuncionais orofaciais (Cleary et al 2002; Correia et al
2008; Junqueira et al 2015; Flanagan et al 2015; Kerzner et al 2015; Edwards et al
2015). Neste contexto, entende-se que o0s pacientes com GSD hepatica estdo
suscetiveis ao desenvolvimento de problemas alimentares e distirbio miofuncional

orofacial.
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Figura 3: Representacdo esquematica da relacdo entre caracteristicas da doenca,

tratamento e suas repercussdes na alimentacgdo e no sistema sensério motor oral.
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5 OBJETIVOS

Esta tese teve 0 objetivo de investigar a ocorréncia de dificuldades
alimentares e de distrbios miofuncionais orofaciais, e de investigar a percepcao
olfativa e gustativa em pacientes brasileiros com GSD hepética que estejam em

tratamento.

5.1 Objetivo Geral

Investigar aspectos relacionados ao comportamento alimentar, ao sistema
sensorio motor oral e aos sentidos quimicos em uma amostra de pacientes brasileiros

com GSD hepatica em tratamento.

5.2 Objetivos Especificos

1) Investigar a prevaléncia de dificuldades alimentares em pacientes com
GSD hepatica, e relacionar os achados com aspectos organicos e comportamentais da

alimentacdo e do sistema sensério motor oral;

2) Investigar a prevaléncia de distarbio miofuncional orofacial em pacientes
com GSD hepética, e relacionar os achados com aspectos organicos e

comportamentais da alimentacéo;

3) Analisar as medidas antropométricas faciais, bem como 0s aspectos
miofuncionais relacionados a aparéncia e a mobilidade de estruturas orofaciais e de

funcBes de respiracdo, mastigacao e degluticdo em pacientes com GSD hepatica;
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4) Avaliar e mensurar a percepcdo olfativa e gustativa em pacientes com GSD

hepatica;
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Abstract

The Hepatic Glycogen Storage Diseases (GSDs) are inborn errors of metabolism
whose dietary treatment involves uncooked cornstarch administration and restriction
of simple carbohydrate intake. The prevalence of feeding difficulties (FDs) and
Orofacial myofunctional disorders (OMDs) in these patients is unknown. Objective:
To ascertain the prevalence of FDs and OMDs in GSD. Methods: This was a cross-
sectional, prospective study of 36 patients (19 males; median age, 12.0 years; range,
8.0-18.7 years) with confirmed diagnoses of GSD (type 1a=22; 1b=8; I11=2; 1Xa=3;
IXc=1). All patients were being treated by a medical geneticist and a dietitian.
Evaluation included a questionnaire for evaluation of feeding behavior, the Orofacial
myofunctional evaluation (AMIOFE), olfactory and taste performance (Sniffin’
Sticks and Taste Strips tests), and facial anthropometry. Results: Nine (25%)
patients had decreased olfactory perception and four (11%) had decreased taste
perception. Eight patients (22.2%) had decreased perception of sour taste. Twenty-
six patients (72.2%) had FD, and 18 (50%) had OMD. OMD was significantly
associated with FD, tube feeding, selectivity intake, preference for fluid and
semisolid foods, and mealtime stress (p<0.05). Thirteen patients (36.1%) exhibited
mouth or oronasal breathing, which was significantly associated with selectivity
intake (p=0.011) and not eating together with the rest of the family (p=0.041). Lower
swallowing and chewing scores were associated with FD, and with specific issues
related to eating behavior (p<0.05). Conclusion: There is a high prevalence of FDs
and OMDs in patients with GSD. Eating behavior, decreased taste and smell

perception, and orofacial myofunctional issues are associated with GSD.

Concise one sentence about manuscript: Prevalence of feeding difficulties and

orofacial myofunctional disorders in patients with hepatic glycogen storage disease.
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INTRODUCTION

Hepatic Glycogen Storage Diseases (GSDs) are inborn errors of glycogen
metabolism. According to the enzyme defect involved and clinical characteristics,
the GSDs are divided into subtypes (Wolfsdorf, Weinstein, 2003; Walter et al 2016)
(Table 1). Phenotype depends on the disease subtype and extent of metabolic control,
but the major features include growth retardation, short stature, doll-like face,
hepatomegaly, hypoglycemia, hyperlactatemia, hypercholesterolemia, and
hypertriglyceridemia (Chen, Kishnani, 2012; Kishnani et al 2014; Derks, Smit, 2014)

(Table 1).

Treatment can includes restricted intake of simple carbohydrates (fructose,
maltose, glucose, lactose, galactose), administration of uncooked cornstarch several
times a day, including overnight, as some patients do not tolerate fasting for more
than 3 hours; and management of clinical and laboratory parameters (Weinstein and
Wolfsdorf, 2002; Chen and Kishnani, 2012; Derks and Smit, 2015). Liver
transplantation may be indicated for patients with severe complications (Morioka et
al 2005). Often, due to the dietary restrictions and continuous feeding, tube feeding is
indicated to maintain normoglycemia and proper metabolic control (Rake et al 2002;

Weinstein and Wolfsdorf, 2002; Flanagan et al 2015).

Feeding difficulties (FDs) are common in childhood, affecting up to 50% of
children regardless of sex or socioeconomic status. Causes include a variety of
organic and behavioral issues, as well as the feeding style of the caregivers; specific
features and severity vary widely (Carruth et al 2004; Wright et al 2007; Dunitz-
Scheer et al 2009; Mascola et al 2010; Benjasuwantep et al 2013; Edwards et al

2015; Kerzner et al 2015). Kerzner (2015) classifies FDs into three categories
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(limited appetite, selective intake, and fear of feeding), and stresses also that
difficulties may be related to misperception on the part of the parents, behavioral or

organic factors, or due to family feeding style.

The main organic conditions associated with FD are: dysphagia;
gastrointestinal, metabolic and cardiorespiratory abnormalities; structural/mechanical
abnormalities; orofacial myofunctional disorders (OMDs); growth failure; and tube
feeding. Other issues that are also directly related include prolonged mealtimes, food
refusal, mealtime stress, lack of autonomy to self-feed, lack of distractions to
increase intake, difficulty in eating foods with different textures, and picky eating
(Carruth et al 2004; Wright et al 2007; Dunitz-Scheer et al 2009; Mascola et al 2010;

Benjasuwantep et al 2013; Edwards et al 2015; Kerzner et al 2015).

Although research has been conducted in GSDs (Shah and O’Dell, 2013;
Deran et al 2013; Flanagan et al 2015; Walter et al 2016), few studies have sought to
correlate GSD with OMD and FDs, and few scales for assessment of feeding
behavior have been validated for the Brazilian population and for patients with GSD.
GSDs are particularly susceptible to FDs, since both the disease and their treatment
are associated with risk factors for the development of these disorders. Poor
acceptance of dietary plans by patients and families are also a concern (Correia et al
2008; Santos et al 2014; Junqueira et al 2015; Flanagan et al 2015; Junqueira, 2017).
Within this context, the present study aimed to investigate FDs, OMDs, and olfactory

and gustatory perception in Brazilian patients with hepatic GSDs.
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MATERIALS AND METHODS

Sample

This was a cross-sectional, prospective study of 36 patients (19 males, 17
females; median age, 12.0 years; range, 8.0-18.7 years) with confirmed diagnoses of
GSD (type la, n=22; Ib, n=8; Ill, n=2; 1Xa, n=3; 1Xc, n=1) who were being treated at
Hospital de Clinicas de Porto Alegre, a referral center in Southern Brazil. Data were
collected from 2015 to 2017. A convenience sampling strategy was used. The sample
profile is described in Table 2. Due to similarities in clinical characteristics and
treatment, GSD subtypes were pooled as “subtype I’ (Ia and Ib) and “other subtypes”
(111 and 1X). Treatment included follow-up by an interdisciplinary team (a medical
geneticist specializing in inborn errors of metabolism, a specialized dietitian, nurse,
and clinical psychologist; other specialties by consultation request) with visits every
three months; control of clinical and laboratory parameters; dietary management; and
group therapy. Individuals under the age of 5 were excluded according to the test's
age cut-off. The study was approved by the Institutional Review Board of the local
where it was carried out (protocol no. 150072), and written informed consent was

obtained from all individuals before participation in the study

(Table 2)

Procedures

Clinical information was collected from medical records and through a
structured interview with the patient about feeding difficulties. Family caregivers
answered the questionnaire in case of patients unable to understand the questions. To
investigate dietary habits and feeding difficulties, a questionnaire of relevant items

was constructed according to Edwards et al (2015) and Kerzner et al (2015). Items
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related to organic issues assessed weight, height, body mass index, use of alternative
feeding routes (gastrostomy or nasoenteric/nasogastric tube) for more than 1 year
(whether in childhood or at the time of evaluation), exclusive breastfeeding for 6
months or more, cornstarch dose, full or mixed oral feeding, and presence of
gastrointestinal conditions, signs, or symptoms. Relevant behavioral signs and issues
included selective intake (picky eating), fear of feeding (or aversion to new and
different foods), complaining of prolonged mealtimes, mealtime stress (e.g., parents’
and/or caregivers’ insistence on offering food, constant resistance and/or refusal to
feed, especially in childhood), preference for fluid and/or semisolid foods, and
family eating habits (e.g., not eating together). The presence of “eating difficulties”
was determined on the basis of self-reports by patients/family members, clinical
evaluation by the researcher, and presence of one or more of the aforementioned

behaviors.

Clinical evaluations were performed on the same day by a trained speech—
language pathologist with experience in administration of all the study scales. The
instruments were: a) a validated protocol for investigation of OMD, the protocol of
Orofacial Myofunctional Evaluation with Scores (AMIOFE) (De Felicio, 2008; De
Felicio et al 2012). This scale measures quantitative and qualitative aspects including
appearance, posture, and mobility of components of the stomatognathic system (lips,
tongue, jaw, cheeks, face, palate) and functions (breathing, chewing, and
swallowing). A score <88 is considered indicative of orofacial myofunctional
disorder; b) analysis of olfactory perception by the Sniffin’ Sticks test, considering a
score <10 as the cutoff point for suspected olfactory disturbance in individuals aged
>11 years; c) analysis of taste perception by the Taste Strips test, considering a total

score <9 as the cutoff point for suspected gustatory disturbance, and <2 points for the
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sour taste as a suspected decrease in taste perception in subjects aged >11 years. Sour
taste was assessed separately, because it is often present in foods restricted in the diet
of patients with hepatic GSDs; and d) facial anthropometry, performed using an
adapted version of the protocol proposed by Cattoni (2003). With the individual
seated, with the head at rest and the lips occluded, a Digimess Pro-Fono model
digital caliper was used to obtain the following measurements: height of the upper
third of the face (Tr—G); height of the middle third of the face (G—Sn); height of the
lower third of the face (Sn—Gn); height of the upper lip (Sn—Sto); height of the lower
lip (Sto—Gn); distance between the outer corner of the eye and the cheilion (labial
commissure) on the right and left sides of the face (Ex—Ch). Three measurements
were obtained, always by the same researcher, and the average taken into account for

analysis.

Statistical Analysis

The chi-square, Fisher’s exact, Mann—Whitney U, and Spearman correlation
tests were used for nonparametric variables. Repeated-measures analysis of variance
(ANOVA) with Bonferroni’s post-hoc correction was used for parametric variables.
The Kolmogorov-Smirnov test was used to evaluate the assumption of normality.

The significance level was set at 5% (p<0.05).

RESULTS

Assessment of smell and taste perception was performed in 22 patients
(61.1% of the sample), all aged >11 years, in accordance with the test
recommendations. Regarding olfactory perception, the median score was 10.0 (8.8—

11.25) points. Nine patients (25%) had scores below the cutoff point, indicating
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hyposmia. For taste perception, the median score was 11.5 (10.0-14.0) points. Four
patients (11.1%) had scores below the cutoff point for all flavors, suggesting
hypogeusia. The scale for sourness alone ranges from zero to four points. The sample
median was 3.0 (0.8-3.0) points, with eight patients (22.2%) having a score

indicative of decreased sour taste perception.

Variables related to the reduction of olfactory, gustatory and sourness
perception were compared to behavioral issues regarding food. Decreased olfactory
perception was associated with selectivity intake (p=0.027), while decreased
sourness perception was associated with preference for fluid and/or semisolid foods

(p=0.006) by Fisher’s exact test.

Findings related to feeding behavior were analyzed and compared to feeding
difficulties and orofacial myofunctional scale scores (Table 3). Regarding
stomatognathic functions, one patient presented with mouth breathing and 12
(33.33%) with oronasal-type breathing. Both breathing patterns, together, were
associated with selective intake (p=0.011) and non-participation in family meals
(p=0.014). Mastication could not be assessed in three children due to lack of oral
feeding secondary to complete food refusal. In these cases, the minimum score of
one point was assigned, in accordance with test recommendations. Dysphagia was
excluded in all cases by clinical assessment. Total orofacial myofunctional score was
correlated with age (r=0.493, p=0.002) by Spearman Correlation test, suggesting that

younger individuals had lower test scores (Table 3)

Table 4 presents an analysis of posture/appearance and mobility of orofacial
structures and functions, and the facial anthropometric measurements, both stratified

by age range. Comparison of anthropometric values and the sex variable in adults
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revealed that, in males, the height of the lower third of the face was significantly
larger (p=0.041). Comparison between the facial thirds showed that the middle third
was significantly smaller than the upper third (p<0.001, repeated-measures ANOVA
with post-hoc Bonferroni correction), while there was no difference between the

middle and lower thirds (p=0.117) (Table 4).

DISCUSSION

This was the first study in the literature to include a speech—language
pathology viewpoint in the investigation of orofacial myofunctional issues and
feeding behavior, as well as evaluate the possible association of these issues with the
senses of smell and taste, in a sample of patients with hepatic glycogen storage
diseases. Our findings indicate that feeding difficulties and orofacial myofunctional
disorders are prevalent in this population, which may be particularly susceptible to

the development of stomatognathic abnormalities.

GSD la was the most prevalent subtype in our sample, which is consistent
with the literature (Janecke et al 2001; Chou et al 2002). Our findings regarding body
mass index, which was mostly indicative or normal weight or overweight, provides
further evidence that growth curves may not be a good indicator of feeding
difficulties, as reported in previous studies (Benjasuwantep et al 2013). In the case of
GSD, overweight or obesity correlate with the need for frequent administration of
foods rich in carbohydrate or protein of high biological value, whether orally or by
alternative routes (Santos et al 2014), regardless of the presence of feeding

difficulties or acceptance by the patient.
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In this sample, alternative feeding routes were used in a substantial portion of
patients, which is consistent with the need for uninterrupted dietary treatment to
prevent fatal hypoglycemia. It is also worth noting that three patients presented with
complete refusal of oral feeding secondary to progressive food refusal. Although
alternative feeding routes are a necessary resource for some patients with GSD (Rake
et al 2002), tube feeding is known to cause adverse events, including negative
impacts in the stomatognathic system and hinder swallowing and feeding behavior

(Dunitz-Scheer et al 2009; Gomes et al 2015).

The study participants exhibited reduced olfactory and taste perception, and
we identified an association between this reduced perception and feeding issues.
These findings are consistent with the literature on feeding difficulties (Dunitz-
Scheer et al 2009, Edwards et al 2015, Evans et al 2017). It is well known that varied
sensory experiences in childhood feeding (olfactory, gustatory, tactile, involving
different textures and thicknesses) play an important role in promoting proper and
pleasant eating habits. It is understood that, in hepatic GSDs, olfactory and taste
perception may be limited by the lack of stimuli caused by the highly restrictive diet,

particularly regarding fruits and some vegetables.

We also found a high prevalence of feeding difficulties in the sample, which
suggests that individuals with hepatic GSDs have a higher frequency of selective
intake and fear of feeding than children without these diseases (Benjasuwantep et al
2013). Accordingly, Kerzner et al (2015) and Edwards et al (2015) note that children
with chronic diseases or behavioral issues tend to develop feeding difficulties. A
study by Evans et al (2017) in patients with phenylketonuria, an inborn error of
metabolism which also requires a restrictive diet for proper management, showed

that these patients exhibit food neophobia regardless of their family eating habits.
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The author suggested that this phobia is mainly caused by fear of eating foods that

may be forbidden in the patient’s diet.

The high frequency of negative eating situations and behaviors identified in
this sample corroborates previous studies showing that gastrointestinal abnormalities,
orofacial myofunctional disorders, and the use of alternative feeding routes are
mechanical and structural factors that frequently cause feeding difficulty. Family
habits and unfavorable and stressful environments have also been described as
behavioral factors that predispose to food refusal and selective intake (Dunitz-Scheer
et al 2009; Kerzner et al 2015; Edwards et al 2015). Benjasuwantep et al (2013)
reported that children with eating problems tend to eat at the table with their families

less often and have prolonged feeding times.

Within this context, we identified that several participants in our sample did
not eat meals as a family, and found an association between GSD type | and feeding
difficulty. These findings may be related to the high overall prevalence of feeding
difficulty in the sample, as individuals with feeding problems often do not eat at the
family table (Dunitz-Scheer et al 2009; Benjasuwantep et al 2013), as well as to the
disease itself and its treatment, since patients with hepatic GSD need to eat at the
prescribed time, which may diverge from family mealtimes (Rake et al 2002;
Weinstein and Wolfsdorf, 2002; Flanagan et al 2015). In the case of GSD type I,
dietary control is associated with even greater restrictions and need for even more
frequent intake of uncooked cornstarch to maintain normoglycemia and prevent
secondary metabolic disorders than in other GSD subtypes (Rake et al 2002;

Flanagan et al 2015).
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In the present sample, the youngest patients and those with feeding
difficulties performed worse on the orofacial myofunctional test. This finding is
consistent with previous studies describing that structural and mechanical
abnormalities, such as OMDs, can cause feeding difficulties (mainly selective intake
and food aversion). Refusal of solid or difficult-to-chew foods is usually due to
changes in breathing, swallowing, and mastication patterns, as well as aversive
behaviors due to gagging, odynophagia, and increased protective oral reflexes
(Dunitz-Scheer et al 2009; Kerzner et al 2015; Edwards et al 2015). Mouth breathing
is also associated with musculoskeletal changes and reduced development of the
middle third of the face, as muscle forces may promote adequate or inadequate
stimulation for stomatognathic structures growth and development (Ferreira, 1999;

Rodrigues, 1999; Junqueira et al 2010; Machado and Mezzomo, 2011).

The facial anthropometric findings of our sample were compared to previous
Brazilian studies and with Caucasian samples, due to ethnic issues related to facial
growth and development (Suguino et al 1996; Cattoni, 2003; Cattoni and Fernandes,
2009). Our participants exhibited a shorter middle third of the face compared to the
upper third. This corroborates the findings of Cleary et al. (2002), who described
midface hypoplasia in patients with GSD type Ill, and disagrees with those of
Suguino et al (1996), who found equal proportions between the thirds of the face in a
sample of healthy Caucasians. Other anthropometric measurements were consistent
with the literature (Suguino et al 1996; Cattoni, 2003; Cattoni and Fernandes, 2009),
with men exhibiting a larger lower third of the face compared to women, and range

of mouth opening remaining within normal limits (Bianchini, 1998).

We conclude that there is a high prevalence of feeding difficulties and

orofacial myofunctional disorders in Brazilian patients with hepatic GSD, as well as
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an association between feeding behavior characteristics, orofacial myofunctional
performance, and GSD type I. Likewise, our suspicion of decreased olfactory and
taste perception in these patients was confirmed, especially for sourness. Weaknesses
of this study include the fact that no validated protocol was used to assess feeding
behavior, the small sample size, and the single-center design, which might have

influenced dietary treatment practices and the eating habits of patients.

Our results indicate that individuals with hepatic GSD may be inordinately
susceptible to orofacial myofunctional disorders and feeding difficulties, due to
factors related to the disease itself, to its treatment, and to eating habits. We suggest
that further research on this topic be conducted to confirm whether olfactory and
taste perception are reduced in these patients and investigate possible causes for
these reductions, as well as to support early identification of eating disorders and
feeding difficulties and development of therapeutic interventions to address these

issues.
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TABLES

Table 1: Clinical characteristics and subtypes of Hepatic Glycogen Storage Disease
Subtype Enzyme Gene Inheritance  Clinical Characteristics Treatment
(MIM)
0 Glycogen GYS2 AR Ketotic hypoglycemia, Hyperproteic diet, and
(240600)  synthetase hyperlacticemia, intake of complex
hyperlipidemia, carbohydrates;
hyperlipidicemia,  without uncooked cornstarch
hepatomegaly. intake.
la Glucose-6- G6PC AR Hypoglycemia, Uncooked cornstarch
(232200) phosphatase hepatomegaly, lactic intake, restriction of
acidosis, hyperuricemia,  galactose, fructose,
hyperlipidemia, lactose e sucrose
hypertriglyceridemia, and
growth retardation
Ib Glucose-6- SLC37A4 AR Similar  to la, with Uncooked cornstarch
(232220) phosphate neutropenia (Recurrent intake, restriction of
exchanger infections, inflammatory  galactose, fructose,
bowel disease/ enterocolitis)  lactose e  sucrose;
Filgastrima
administration
Illa e Glycogen AGL AR Hepatomegaly, Uncooked cornstarch
111b debranching ketotichypoglycemia, intake,  hyperproteic
(232400) enzyme growth retardation, elevated diet, and restriction of
serum concentrations of sucrose intake;
transaminases and CK. In
Illasubtype, also present
skeletal ~myopathy and
cardiomyopathy
1V Glycogen GBE1 AR Hepatomegaly, growth  Liver transplantation in
(232500) branching retardation and cirrhosis cases with liver failure
enzyme
VI Glycogen PYGL AR Hepatomegaly, growth  Frequent intake of
(231700)  phosphorylase, retardation, ketotic complex carbohydrates
liver form hypoglycemia, and or cornstarch in some
hyperlipidemia cases
IXal e Phosphorylase PHKA2 XL Hepatomegaly, growth  Uncooked cornstarch
1Xa2 kinase (o retardation, ketotic intake,  hyperproteic
(306000)  subunit) hypoglycemia, diet, and to avoid large
hyperlipidemia, amounts of sucrose
and elevated serum
concentrations of
transaminases
IXb Phosphorylase  PHKB AR Similar tolXa Similar tolXa
(261750) kKinase (B
subunit)
1Xc Phosphorylase  PHKG2 AR Similar to IXa, with SimilartolXa
(613027) kinase cirrhosis
(8subunit)
Xl Glucose GLUT2 AR Hypoglycemia,severe Restriction of galactose
(227810) transporter 2 growth retardation, liver and intake, = water  and
kidney increased uncooked  cornstarch
intake, electrolytes and
vitamin D

administration.

AR (autosomal recessive); XL (X-linked inheritance). References: Wolfsdorf and Weinstein (2003); Beauchamp et al
(2007); Dagli et al (2016); Bali et al (2016); Chen et al (2014); Nalin (2015)
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Table 2: Hepatic Glycogen Storage Disease — Sample Characterization Data (n= 36)

Sample Characterization

N

Weight (kg)
Height (cm)
BMI (kg/m?) for child (n=28)
Weight for age (z-score)
Height for age (z-score)
Normal
Overweight
Obese
BMI (kg/m?) for adults (n=8)
Normal
Overweight
Obese
Cornstarch (grams per day)
Period of treatment with the same team (years)
Feeding tube (number of patients)
Nasoenteric tube
Gastrostomy

Oral feeding
Total
Non-oral feeding
Oral and tube feeding

47 (31.1-71.6)
143 (125 - 154.5)
22.3 (18.7 - 25.8)

1.9 (0.7 -3.1)
-0.2 (-1.4 - 0.5)
9 (25.0%)

7 (19.4%)

12 (33.3%)
26.1(24.7 - 29.8)
4 (11.1%)

2 (5.6%)

2 (5.6%)
326.0 (253.5 — 394.5)
5 (1.0 - 7.0)
15 (41.7%)

2 (5.6%)

12 (36.1%)

28 (77.7%)
3 (8.3%)
5 (13.8%)

Data presented by frequency (percentage), median (interquartile range). BMI (Body Mass
Index); Feeding tube (nasoenteric tube or gastrostomy). BMI classification by WHO (1995,
2009, 2010), considering child <19 years, adults >19 years old.

77



Table 3: Hepatic Glycogen Storage Disease - Comparison between feeding difficulty and orofacial myofunctional evaluation scores with feeding

aspects (n=36)

Sample Feeding Scores of
Prevalence Difficulty Orofacial Myofunctional Evaluation
(n=36) (n=26)
n (%) n (%) p-valor Total Score p-valor  Deglutition Score  p-valor  Mastication Score  p-valor
Feeding Difficulty 26 (72.2%) 84.5(81.2 -90.0) 0.001* 12.0(105-13.0) 0.001* 4.5 (3.0-6.0) 0.009*
Selectivity intake 23 (63.9%) 22 (84.6%) <0.001* 84.0(79.0-89.0) <0.001* 12.0(9.0-13.0) 0.004* 4.0(2.0-6.0) 0.001*
Preference for fluid/semisolid foods 21 (58.3%) 19 (73.1%)  0.007* 84.0(775-87.0) <0.001* 11.0(85-13.0)0 <0.001* 5.0(3.0-6.0) 0.051*
Prolonged mealtimes 18 (50.0%) 14 (53.8%) 0.360 84.0 (80.5-90.2) 0.038*  12.5(11.0-14.0) 0.532 5.0(2.7-7.0) 0.322
Mealtime stress 19 (52.8%) 16 (61.5%) 0.139 84.0 (79.0 - 90.0) 0.010* 12.0 (9.0 - 13.0) 0.058* 5.0 (3.0-6.0) 0.030*
Not eating together with the family 14 (38.8%) 14 (53.8%)  0.003* 84.6 (76.5-89.2) 0.019* 12.0 (8.0 -12.2) 0.008* 5.0 (1.7-6.0) 0.088*
Gastrointestinal conditions 13 (36.1%) 12 (46.2%) 0.060 85.0 (84.0 -98.2) 0.339 12.0 (8.5-13.5) 0.152 5.0 (4.0-6.5) 0.690
Fear of feeding (or food aversion) 11 (30.6%) 11 (42.3%)  0.016* 83.0 (69.0 — 90.0) 0.010* 11.0 (8.0- 12.0) 0.015* 5.0 (1.0-6.0) 0.282
Tube Feeding >1 year 15 (41.7%) 13 (50.0%) 0.142 84.0 (76.0 — 88.0) 0.012* 11.0 (9.0 - 13.0) 0.008* 5.0(2.0-6.9) 0.077

Exclusive breastfeeding =6 months 25 (69.4%) 21(80.8%)  0.039* 87.0(82.0-91.5) 0.256 12.0 (11.0 - 14.0) 0.728 5.0(3.5-7.0) 0.446
GSD subtype

la and Ib subtypes 30 (83.3%) 24 (92.3%) 0.039*  865(82.0-922) 0195 12.0(11.0-142) 0283  50(3.7-70) 0534

*Statistical significance by Fisher’s Exact test to “feeding difficulty” and by Mann-Whitney test to “scores of orofacial myofunctional evaluation” (p<0.05). Data presented by
frequency (percentage), median (interquartile range).
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Table 4: Hepatic Glycogen Storage Disease - Children and adults in the specific

abilities of orofacial myofunctional test and in the facial anthropometry measurements

(n=36)
Data by Age Range
Child Teenagers and adults
<12 years old (n=22) >12 years old (n=14)
Median (IQR) Min Max Median (IQR) Min Max
Posture/appearance
Lips 3.0(2.0-3.0) 2.0 3.0 3.0(3.0-3.0) 2.0 3.0
Mandible/maxilla 2.0(2.0-3.0) 2.0 3.0 3.0(2.0-3.0) 2.0 3.0
Cheeks 2.0(2.0-3.0) 2.0 3.0 3.0(2.0-3.0) 2.0 3.0
Face 2.0(2.0-3.0) 2.0 3.0 25(2.0-3.0) 2.0 3.0
Tongue 3.0(2.0-3.0) 2.0 3.0 3.0(2.0-3.0) 2.0 3.0
Palate 3.0(2.0-3.0) 1.0 3.0 3.0(2.8-3.0) 1.0 3.0
Movements
Lips 10.0 (9.8 -11.3) 6.0 12.0 11.0(9.5-12.0) 8.0 12.0
Tongue 17.0(15.8-18.0) 12.0 18.0 18.0 (16.8 — 18.0) 14.0 18.0
Jaw 14.0(12.0-15.0) 11.0 15.0 15.0 (14.8 - 15.0) 9.0 15.0
Cheeks 12.0(10.8-12.0) 4.0 12.0 12.0 (11.0 - 12.0) 7.0 12.0
Functions
Breathing 2.0(2.0-3.0) 1.0 3.0 3.0(3.0-3.0) 2.0 3.0
Deglutition 12.0(11.0-13.0) 5.0 14.0 14.5 (11.8 — 15.0) 9.0 15.0
Mastication 5.0(2.8-6.3) 1.0 10.0 7.0(4.0-7.0) 2.0 10.0
Total 85.0(81.3-90.3) 60.0 98.0 91.5(84.8 —99.0) 76.0 103.0
Facial Child Teenagers Adults
Anthropometry <12 years old 13 a 18 years old >18 years old
(n=22) (n=5) (n=9)
Mean + SD Min  Max Mean + SD Min Max Mean£SD Min Max
Upper third 52.1+7.61 315 66.7 54.4+ 6.09 45,9 63.0 56.7+5.09 51.6  68.5
Middle third 47.9+6.27 315 59.9 50.1+6.65 45,1 62.0 49.745.73 445 620
Lower third 48.4+5.47 386 59.2 51.945.97 46,5 62.0 58.0+5.93 50.8  69.1
Upper lip 18.1+2.23 127 224 30.4+2.92 16.1 237 20.0+3.41 147 239
Lower lip 30.8+4.48 23.0 407 29.846.73 21.4 40.2 34.945.47 276 461
Right side (Ex — ch) 59.345.37 50.7 67.0 61.845.0 60.3 72.7 64.6+4.65 60.7 75.8
Left side (Ex — ch) 58.5+6.75 40.1 694 64.4+4.8 62.4 742 64.9+4.60 606 76.3
MMO 39.747.66 275 539 52.5+8.4 419 649 47.7+6.06 402 579
Tr-g/ G-sn 1.08 1.0 1.14
G-sn/ Sn-g 0.99 1.0 0.86
Sn-sto / Sto-gn 0.59 0.7 0.57

Data presented by median (IQR interquartile range), minimum, maximum; mean + standard deviation.
MMO (maximum mouth opening); Tr — g (Upper third of face), G — sn (Middle third of face), Sn — gn
(Lower third of face), Sn — sto (Upper lip), Sto — gn (Lower lip), Ex — ch (outer corner of the eye to

cheilion)
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7. CONSIDERACOES FINAIS

As conclusbes da presente tese serdo apresentadas abaixo, de acordo com 0s

objetivos especificos.

1) Investigar a prevaléncia de dificuldades alimentares em pacientes com GSD
hepatica, e relacionar os achados com aspectos organicos e comportamentais da

alimentacao e do sistema sensério motor oral;

Os resultados do presente trabalho apontam para a alta prevaléncia de
dificuldade alimentar na amostra estudada, com maior ocorréncia das seguintes
situagbes e/ou comportamentos alimentares associados: ndo ter sido amamentado
exclusivamente por periodo igual ou superior a seis meses, apresentar dificuldade
alimentar, ter queixa de seletividade alimentar e de fobia a alimentos novos ou
diferentes, preferéncia por alimentos liquidos e/ou pastosos, tempo prolongado para
refeicBes e estresse frequente relacionado a alimentacdo Destaca-se ainda o fato de trés
pacientes apresentarem ndo aceitacdo de qualquer dieta pela via oral por recusa

alimentar progressiva até a exclusao total do alimento.

2) Investigar a prevaléncia de distarbio miofuncional orofacial em pacientes
com GSD hepatica, e relacionar os achados com aspectos organicos e

comportamentais da alimentacéao;
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Observou-se alta prevaléncia de distarbio miofuncional orofacial nestes
individuos. Além disso, houve relacdo entre aspectos negativos do comportamento
alimentar e pior desempenho no teste miofuncional orofacial, considerando o escore

total, as fungdes de mastigacéo e de degluticao.

Menores escores na degluticdo estiveram relacionados a dificuldade alimentar
(p=0.001), preferéncia por liquidos/pastosos (p=0.001), seletividade alimentar
(p=0.001), fobia alimentar (p=0.015), ndo refeicbes em familia (p=0.008), via
alternativa de alimentacdo (p=0.008). Menores escores na mastigacdo estiveram
relacionados a dificuldade alimentar (p=0.009), preferéncia por liquidos/pastosos
(p=0.041), seletividade alimentar (p=0.001), estresse nas refei¢cbes (p=0.050). A
respiracdo oral ou oronasal também esteve relacionada a seletividade alimentar

(p=0.011) e a realizar refei¢cdes separadamente da familia (p=0.041).

3) Analisar as medidas antropométricas faciais, bem como o0s aspectos
miofuncionais relacionados a aparéncia e a mobilidade de estruturas orofaciais e de

funcdes de respiracdo, mastigacao e degluticdo em pacientes com GSD hepatica;

Observou-se que os pacientes estudados apresentaram medidas antropométricas
de terco médio da face diminuidas em comparacdo com o terco superior, indicando
possivel diminuicdo de face média, conforme j& havia sido descrito previamente na
literatura. Outras medidas e proporc¢des antropométricas apresentaram valores dentro do
esperado e descrito na literatura para pessoas brasileiras e caucasianas. Quanto  aos
aspectos miofuncionais orofaciais, observou-se que as criangas apresentaram menores

escores em aspectos de postura e mobilidade de estruturas orofaciais em comparagao
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com adolescentes e adultos, indicando provavel melhora de aspectos miofuncionais

orofaciais com o crescimento.

4) Avaliar e mensurar a percepcao olfativa e gustativa em pacientes com GSD

hepética;

Observou-se diminuicdo da percepcao olfativa e gustativa para o sabor azedo na
presente amostra. Além disso, houve associacdo entre diminuicdo da percepcéo olfativa
e seletividade alimentar (p=0.027) e diminuicdo da percepgdo gustativa para azedo e
preferéncia por alimentos liquidos e/ou pastosos (p=0.006), indicando o relacionamento
entre os sentidos quimicos, comportamento e preferéncias alimentares em pacientes

com GSD hepatica.
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8. PERSPECTIVAS FUTURAS

Destaca-se o carater inovador deste trabalho, pois este é o primeiro estudo na
literatura que inclui a visdo fonoaudioldgica na investigagdo de dificuldades
alimentares, distarbio miofuncional orofacial e sentidos quimicos nas GSDs hepaticas.
A partir dos achados, percebe-se que individuos brasileiros com GSD hepética estdo
suscetiveis a distdrbio miofuncional orofacial e a dificuldades alimentares, porém ainda
h& a necessidade de investigar relacGes existentes entre a doenca, o tratamento e 0s
habitos alimentares do paciente e da sua familia. Além disso, vale ressaltar a lacuna na
literatura referente a criacdo de protocolos validados para avaliagdo do comportamento

alimentar na populacéo brasileira com e sem doencga metabdlica (GSDs hepaticas).

Neste contexto, sugere-se continuidade de pesquisas com este tema nesta
doenca. InvestigacOes sobre qualidade de vida relacionada a alimentacdo, bem como
detalhadas sobre olfato e paladar nos individuos que apresentam diminuicdo da
percepcao olfativa e gustativa também sdo fundamentais para melhor compreensao da
dificuldade e identificacdo precoce de possiveis distarbios relacionados, além de
avaliacOes objetivas da degluticdo para analises mais aprofundadas. Acredita-se também
que estudos clinicos futuros, com propostas de intervencdo para dificuldades
alimentares e para distdrbio miofuncional orofacial nestes pacientes, trardo importantes

contribuicdes clinicas e cientificas.
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APENDICE 1 — Aprovacéo do projeto pelo Comité de Etica em Pesquisa (HCPA)

HCPA - HOSPITAL DE CLINICAS DE PORTO ALEGRE
GRUPO DE PESQUISA E POS-GRADUACAD

comss Ao CIENTIFICA

A Comisséo Cientifica do Hospital de Clinicas de Porto Alegre analisou o projeto:

Projeto: 150072
Data da Verséio do Projeto:  19/02/2015

Pesquisadores:

1DA VANESSA DOEDERLEIN SCHWAHRTZ
FILIPPO PINTO VAIRO

CHENIA CALDEIRA MARTINEZ

TASSIA TONON

CAROLINA FISCHINGER MOURA DE 80UZA
TATIELE NALIN

Thulo:  Aspectos motores @ sensorials das estruturas e fungdes estomatognéticas de
pacientes com Glicogenose Hepética

Este projeto fol APROVADO em seus aspectos éticos, metodoldgicos, loglsticos e financeiros para
ser realizado no Hospital de Clinicas de Porto Alegre.
Esta aprovagéio estd baseada nos parecerss dos respectivos Comitds de Etica e do Servigo de Gestéio

em Pesquisa.

- Os pesquisadores WMaommmmdoqmlquumpadopmdamm
de seus projetos.

- Opummdwedammmmemmmnpmhmm“Naﬁmmemm
de Pesquisa e Pds-Graduagéo (GPPG)

Porto Alegre, 27 de maio de 2015.

Prof. berto Goidim
Coordengflor CEP/HCPA
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APENDICE 2 - TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO

PROJETO

Aspectos motores e sensoriais das estruturas e funcbes estomatognaticas de pacientes

com Glicogenose Hepética

PESQUISADOR RESPONSAVEL

Dra. Ida Vanessa Doederlein Schwartz. Servico de Genética Médica, Hospital de
Clinicas de Porto Alegre (HCPA). Rua Ramiro Barcelos, 2350. Porto Alegre-RS.

Telefone (51)3359.8011.

NOME DO PARTICIPANTE:

Prezado paciente (ou responsavel),

Gostariamos de convida-lo para participar de um estudo que avaliara o sistema orofacial
de paciente com Glicogenose Hepética e de controles (pessoas com Fenilcetondria e
pessoas sem doenca genética metabdlica). A Glicogenose Hepéatica € uma doenca
hereditaria causada por falta de uma enzima do figado, dependendo do tipo de
Glicogenose, diferentes enzimas estéo faltando. Quando ndo temos uma dessas enzimas,
e temos entdo Glicogenose, nas situacdes em que ficamos em jejum, ndo conseguimos
manter o acucar do sangue normal. O agucar baixo no sangue pode provocar diversos

sintomas, tais como: tremores, suor frio, cansaco, sonoléncia, convulsdo. O tratamento
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da Glicogenose é a alimentacdo frequente com alimentos que mantem 0s niveis de

acucar no sangue elevados por mais tempo, como o amido de milho cru.

Devido a este tratamento com dieta rigorosa, 0s pacientes com Glicogenose Hepatica
podem ter alteracdes nas estruturas orofaciais (face, bochechas, labios, dentes, boca,
lingua), nas funcdes de respirar, mastigar, deglutir e falar, bem como na percepg¢éo do
cheiro e sabor dos alimentos. Por isso, estamos realizando este estudo com objetivo de
avaliar as estruturas e funcdes relacionadas & boca e a face. Também iremos comparar
os resultados das avaliagdes dos pessoas com Glicogenose Hepéatica com os resultados
de pessoas sem doenca e de pessoas com outra doenca metabdlica, que também
necessite de tratamento dietético, com restricdo de diversos alimentos (no caso, pessoas
com Fenilcetonuria). Esta comparagdo ira ajudar na compreensdo e identificacdo de
fatores que podem estar relacionados as dificuldades nas estruturas e fungdes da face e

da boca.

Serdo coletados dados de prontuario, como por exemplo, idade, tipo de Glicogenose
Hepatica, peso, altura, escolaridade e outras informacdes sobre sua salde. Sera realizada
avaliacdo miofuncional orofacial, que consiste na visualizacdo da face, bochechas,
labios, lingua, dentes, boca, e da movimentacdo destas estruturas quando o paciente
estiver falando, respirando, mastigando ou engolindo. Este exame sera gravado em
video com o objetivo de ser analisado por um pesquisador especialista nesta avaliacao,
que ndo tenha conhecimento sobre vocé, sua condi¢do de salde ou sobre qual grupo de
estudo vocé pertence (individuos com Glicogenose Hepatica, Fenilcetondria ou Sem
doenca genética metabdlica). Também sera realizada a avaliagdo da face através de um
aparelho que faz fotografia digital em 3D da face ou através de foto com camera digital.
Esta fotografia serd analisada, em um segundo momento, por um pesquisador

especialista na area, que ndo tenha conhecimento sobre vocé, sua condicéo de salde ou
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sobre qual grupo de estudo vocé pertence (individuos com Glicogenose Hepatica,
Fenilcetondria ou Sem doenca genética metabolica). Realizaremos também uma
avaliacdo do olfato (percepcédo do cheiro) através da inspiracdo do odor contido em fitas
de papel que possuem diferentes aromas e avaliacdo do paladar (percepc¢do do sabor)
através da colocacdo de tiras de papel na lingua, que possuem diferentes sabores. Ainda
sera feita avaliacdo da alimentacdo do paciente. Neste procedimento, serd perguntado ao
paciente (ou ao seu responsavel), informacGes sobre sua alimentacdo, alimentos

preferidos, dificuldades na alimentacéo.

Todos os exames citados sdo indolores e ndo invasivos. Estima-se que as avaliagdes
terdo duracdo de aproximadamente 2 horas, sendo que o participante podera fazer estas

avaliacBes em dois ou trés encontros, se assim achar conveniente.

RISCOS E BENEFICIOS

N&o sdo conhecidos riscos a sua saude relacionados aos procedimentos do
estudo, ficando apenas o desconforto minimo por responder aos testes e
questionamentos, bem como o tempo despendido para fazer estes procedimentos. Os
beneficios consistem na realizacdo de uma avaliacdo detalhada da regido orofacial (boca
e face), que podera ajudar na identificacdo de possiveis alteracGes destas estruturas
(bochechas, labios, lingua, dentes, boca), das funcdes de respirar, falar, sugar, mastigar
e engolir e de perceber os cheiros e sabores de alimentos. Vocé (participante ou
responsavel) podera ter acesso aos resultados dos seus testes (ou dos testes do seu filho)

e esclarecer duvidas sobre os procedimentos ou sobre a pesquisa a qualquer momento.
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DUVIDAS

Se vocé tiver alguma davida em relagdo a pesquisa, deve contatar a Dra. Ida
Vanessa Doederlein Schwartz, telefone (51) 33598011, no Servico de Genética Médica
do Hospital de Clinicas de Porto Alegre. Além disso, vocé pode entrar em contato com
o Comité de Etica em Pesquisa do HCPA, que aprovou esse projeto, através do telefone
(51) 33597640 ou localmente no segundo andar do HCPA, na rua Ramiro Barcelos,
2350, bairro Santa Cecilia, Porto Alegre-RS, horario de funcionamento das 8h as 17h de

segunda a sexta-feira.

RECUSA OU DESCONTINUACAO NA PARTICIPACAO DO ESTUDO

Sua participacdo no estudo € voluntéria. Se vocé decidir ndo participar do
estudo, isto ndo afetar4 em nada o seu tratamento no HCPA. A sua participacdo pode ser
interrompida a qualquer momento por vocé mesmo (a). Em qualquer caso, vocé nédo
sera penalizado e ndo havera a necessidade de justificar a sua decisdo. A concordancia
ou a ndo concordancia em participar ndo ird alterar o tratamento ja estabelecido para

VOCé ou para o seu familiar.

CONFIDENCIALIDADE DAS INFORMACOES

As informaces dessa pesquisa serdo mantidas em sigilo, sendo apenas utilizadas
de forma cientifica, e sem identificacdo de seu nome. Caso alguma informacéo derivada

desse estudo for importante a vocé, todo esfor¢o seré realizado para informa-lo.
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Pelo presente termo, vocé declara que foi informado (a), de forma clara e
detalhada, sobre a presente pesquisa, e que teve suas duvidas esclarecidas por

. Declara ter sido esclarecido que

ndo receberd nenhuma remuneracdo financeira e que também ndo terd nenhum custos
por participar do estudo. Declara que foi informado da garantia de receber resposta ou
esclarecimento sobre a pesquisa a ser realizada, bem como da liberdade de né&o
participar do estudo e da possibilidade de desistir, em qualquer momento, da
participagdo. Aléem disso, declara que assinou duas vias deste consentimento, que uma

delas ficou em seu poder.

Data: / /

Nome do participante Assinatura

Nome do responsavel (se aplicavel) Assinatura

Eu expliquei a 0S objetivos e

procedimentos necessarios para esta pesquisa, € entreguei coOpia deste termo de

consentimento para este (a) pessoa.
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Data: / /

Nome do pesquisador

Assinatura
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APENDICE 3 - Fluxograma da metodologia e procedimentos da pesquisa

Apresentagdo da
pesquisa ao
paciente

Assinatura do TCLE Inclusdo na pesquisa

Procedimentos Avaliativos

~
Informagdes clinicas
Questionario estruturado sobre comportamento
alimentar
J
~
Percepgdo Gustativa (Teste Taste Strips)
J
N
Percepgdo Olfativa (Teste Sniffin Sticks)
J
~
Avaliagdo miofuncional orofacial com escores (AMIOFE)
Estruturas orofaciais, mastigacgao, degluticdo e
respiragao
J
N
Antropometria facial com paquimetro digital
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APENDICE 4 — Dados de caracterizacdo de cada individuo incluido na amostra

N Idade Sexo Tipo Peso Altura IMC Classificagio Dose Uso Tipo VO AME

(anos) de (kg) (cm) (kg/m?) IMC* diaria  de de >6
GSD amido VAA VAA meses
(@)

1 5 M la 49,0 136,0 26,5 Obesidade 269 Sim GT NPO Nao
2 5 F Ib 22,0 109,0 18,5 Sobrepeso 208 Sim GT Mista Nao
3 5 M la 22,5 1145 17,2 Sobrepeso 368 Sim GT Mista Nao
4 6 F la 21,8 100,0 21,8 Obesidade 240 Nao Total Néo
5 6 F Ib 23,0 95,0 25,5 Obesidade 368 Sim GT NPO Nao
6 6 M Ib 27,6  110,0 22,7 Obesidade 312 Sim GT Total Nao
7 6 F Ib 17,1 105,0 15,5 Eutrofia 240 Nao Total Néo
8 6 F la 18,6  109,0 16,0 Eutrofia 240 Nao Total Sim
9 8 F la 325 126,5 20,3 Sobrepeso 372 Sim GT Mista Nao
10 8 F la 47,9 1250 30,7 Obesidade 354 Nao Total Néo
11 9 M Il 46,5 151,0 20,0 Sobrepeso 375 N&o Total Né&o
12 9 F IXc 37,3 136,0 20,4 Sobrepeso 200 Sim GT Mista Nao
13 10 M la 415 1285 25,1 Obesidade 312 Nao Total Sim
14 10 F la 442 133,0 25,0 Obesidade 496 Sim GT NPO Nao
15 11 M IXa 26,7 130,0 15,8 Eutrofia 258 Nao Total Sim
16 11 M Ib 37,1 140,0 19,2 Eutrofia 305 Nao Total Néo
17 11 M la 47,0 148,0 21,5 Sobrepeso 185 Sim GT Total Sim
18 11 M la 60,4 1425 29,8 Obesidade 300 Nao Total Néo
19 11 F la 215 118,0 154 Eutrofia 320 Sim GT Mista Nao
20 11 M la 55,0 143,0 26,9 Obesidade 352 Sim GT Total Nao
21 12 M la 101,0 1785 31,1 Obesidade 440 Nao Total Sim
22 12 M IXa 40,2 149,7 17,4 Eutrofia 128 Nao Total Sim
23 13 F la 725 1605 28,3 Obesidade 240 Nao Total Néo
24 15 M Ib 916 1525 39,4 Obesidade 504 Sim  SNE Total Sim
25 16 M Il 779 177,0 24,9 Sobrepeso 332 Nao Total Sim
26 16 M Ib 51,0 165,0 18,7 Eutrofia 420 Sim GT Total Nao
27 18 M la 71,3 175,0 23,3 Eutrofia 468 Nao Total Sim
28 19 F la 57,2 153,0 24,4 Eutrofia 408 Nao Total Sim
29 20 F la 86,0 154,8 35,9 Obesidade 595 Nao Total Néo
30 21 F la 100,5 1545 42,1 Obesidade 680 Nao Total Néo
31 21 M la 73,0 1635 27,3 Sobrepeso 390 Sim GT Total Nao
32 23 F la 548 1489 24,7 Eutrofia 300 Nao Total Néo
33 24 M la 71,0 169,0 24,9 Eutrofia 540 Sim SNE Total Néo
34 28 M IXa 58,7 169,0 21,0 Eutrofia 100 Nao Total Sim
35 30 F la 58,0 154,0 24,5 Eutrofia 300 Nao Total Néo
36 32 F Ib 72,0 1610 27,8 Sobrepeso 348 Nao Total N&o

*Classificagcdo do IMC por faixa etéria, adultos >19 anos, criangas <19 anos (WHO, 1995, 2009, 2010). Siglas: F
(feminino); M (masculino); IMC (indice de massa corporal); VAA (via alternativa de alimentagdo); VO (via oral);
AME (aleitamento materno exclusivo); SNE (sonda nasoentérica); GT (gastrostomia); NPO (nada por via oral).
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APENDICE 5 - STROBE Statement — Checklist para estudos observacionais

STROBE Statement—Checklist of items that should be included in reports of cross-sectional studies

Item
No Recommendation
Title and abstract 1 (a) Indicate the study’s design with a commonly used term in the title or the abstract
(b) Provide in the abstract an informative and balanced summary of what was done and what was found
Introduction
Background/rationale 2 Explain the scientific background and rationale for the investigation being reported
Objectives 3 State specific objectives, including any prespecified hypotheses
Methods
Study design 4 Present key elements of study design early in the paper
Setting 5 Describe the setting, locations, and relevant dates, including periods of recruitment, exposure, follow-up, and data collection
Participants 6 (a) Give the eligibility criteria, and the sources and methods of selection of participants
Variables 7 Clearly define all outcomes, exposures, predictors, potential confounders, and effect modifiers. Give diagnostic criteria, if applicable
Data sources/ 8* For each variable of interest, give sources of data and details of methods of assessment (measurement). Describe comparability of
measurement assessment methods if there is more than one group
Bias 9 Describe any efforts to address potential sources of bias
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Study size 10 Explain how the study size was arrived at
Quantitative variables 11 Explain how quantitative variables were handled in the analyses. If applicable, describe which groupings were chosen and why
Statistical methods 12 (a) Describe all statistical methods, including those used to control for confounding
(b) Describe any methods used to examine subgroups and interactions
(c) Explain how missing data were addressed
(d) If applicable, describe analytical methods taking account of sampling strategy
(e) Describe any sensitivity analyses
Results
Participants 13* (a) Report numbers of individuals at each stage of study—eg numbers potentially eligible, examined for eligibility, confirmed eligible,
included in the study, completing follow-up, and analysed
(b) Give reasons for non-participation at each stage
(c) Consider use of a flow diagram
Descriptive data 14* (a) Give characteristics of study participants (eg demographic, clinical, social) and information on exposures and potential
confounders
(b) Indicate number of participants with missing data for each variable of interest
Outcome data 15* Report numbers of outcome events or summary measures
Main results 16 (a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates and their precision (eg, 95% confidence interval).

Make clear which confounders were adjusted for and why they were included
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(b) Report category boundaries when continuous variables were categorized

(c) If relevant, consider translating estimates of relative risk into absolute risk for a meaningful time period

Other analyses 17 Report other analyses done—eg analyses of subgroups and interactions, and sensitivity analyses

Discussion

Key results 18 Summarise key results with reference to study objectives

Limitations 19 Discuss limitations of the study, taking into account sources of potential bias or imprecision. Discuss both direction and magnitude of
any potential bias

Interpretation 20 Give a cautious overall interpretation of results considering objectives, limitations, multiplicity of analyses, results from similar
studies, and other relevant evidence

Generalisability 21 Discuss the generalisability (external validity) of the study results

Other information

Funding 22 Give the source of funding and the role of the funders for the present study and, if applicable, for the original study on which the

present article is based

*Give information separately for exposed and unexposed groups.

Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and published examples of transparent reporting. The
STROBE checklist is best used in conjunction with this article (freely available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal
Medicine at http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is available at www.strobe-statement.org.
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APENDICE 6 — Normas da Revista (JIMD — Journal of Inherited Metabolic Disease)

Aims and Scope

The Journal of Inherited Metabolic Disease (JIMD) is the official journal of the Society
for the Study of Inborn Errors of Metabolism (SSIEM). By enhancing communication
between workers in the field throughout the world, the JIMD aims to improve the
management and understanding of inherited metabolic disorders. It publishes results of
original research and new or important observations pertaining to any aspect of
inherited metabolic disease in humans and higher animals. This includes clinical
(medical, dental and veterinary), biochemical, genetic (including cytogenetic, molecular
and population genetic), experimental (including cell biological), methodological,
theoretical, epidemiological, ethical and counselling aspects. The JIMD also reviews
important new developments or controversial issues relating to metabolic disorders and
publishes reviews and short reports arising from the Society's annual symposia. A
distinction is made between peer-reviewed scientific material that is selected because of
its significance for other professionals in the field and non-peer reviewed material that

aims to be important, controversial, interesting or entertaining
(“Extras”).

The JIMD exists as two sister publications which are served by a single Editorial Team
and a single manuscript submission and review process: the traditional print and online
journal JIMD and JIMD Reports, which publishes scientifically sound research findings

or clinical observations that warrant communication in the peer-reviewed literature but
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are of more limited interest to the readers. In addition to full electronic publication, and
print publication as book chapters, the abstract of a JIMD Reports publication is also
printed in the JIMD, to reach the widest possible readership. All other types of articles

are published electronically and in print in the JIMD.

Instructions for submission

Manuscript submission

Material submitted to the JIMD (including JIMD Reports) must conform to the uniform
requirements for manuscripts submitted to biomedical journals as outlined by the
International Committee  of  Medical Journal Editors (ICMJE); see

http://www.icmje.org/icmjerecommendations.pdf for details.

Online Submission

All scientific contributions for publication in the JIMD (including JIMD Reports) must
be submitted by the web-enabled online manuscript submission and review system. As
the review process is also fully web-based, this system allows editors to keep review
times as short as possible and offers authors the option to track progress of the review of
their manuscripts. The online manuscript submission and review system for the JIMD

offers easy and straightforward log-in and submission procedures. Please refer to:

www.editorialmanager.com/boli.
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http://www.icmje.org/icmjerecommendations.pdf

The system supports a wide range of submission file formats for manuscripts (Word,
WordPerfect, RTF, TXT and LaTex) and figures (TIFF, EPS, Microsoft® Office

formats and Postscript). PDF is not an acceptable file format.

If you encounter any difficulties while submitting your manuscript online, please
contact the responsible Editorial Assistant by clicking on "CONTACT US" from the

tool bar. Manuscript

Structure

The first page should include:

(] Title of the article

[1 Authors‘ names and institutional affiliations set out as in a current issue of the JIMD

[1 Name, email address and full postal address, including postal (ZIP) code, of the

author who will be dealing with correspondence and proofs.

[1 Word counts for the text (excluding summary, acknowledgments, references and

figure legends) and the summary.

[1 Number of figures and tables.

1 Whether a colour picture is provided that may be used for the front cover of the issue

inwhich the article appears.

The next page should include:

[1 A summary (= abstract) of not more than 250 words (Medline allows a maximum of

4096c¢haracters and will truncate longer abstracts).
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[1 A concise 1 sentence take-home message (synopsis) of the article, outlining what the
reader learns from the article (this is usually printed on the inside back cover of the

JIMD).

Following these pages, authors are required to provide the following, which are detailed

above in the section “General Rules.”

[] Details of the contributions of individual authors

[1 The name of the corresponding author

[1 A competing interest statement

[1 Details of funding

[1 Details of ethics approval

[1 A patient consent statement

[1 Documentation of approval from the Institutional Committee for Care and Use of

Laboratory Animals (or comparable committee)

[1 A list of approximately six keywords

Recommendations for Manuscript Length

Competition for publication in all scientific journals has become increasingly intense,
and the JIMD is no exception. We strongly encourage prospective authors to consider
brevity in their presentation, and if needed to avail themselves of the online

supplementary material for those Figures and Tables that could be accommodated in
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that venue. In order for the Editorial Board to accommodate the broadest perspective of
submissions, and to maximize the access for prospective authors to both the JIMD and

JIMD Reports, the following recommendations for length have been formulated:

(] Full articles: Total word count 3000, including 500 words for the Introduction and a

maximum of 4 combined figures/tables.

[1 Reports: Total word count 2250, including 400 words for the introduction and a
maximum of 3 total figures/tables. It is expected that more comprehensive reviews will
exceed these limits, but the authors of such reviews are again encouraged to work for
brevity and succinctness in presentation. In all instances, literature citations should be
reasonable and appropriate for the presentation, but should not exceed 30 citations for
full articles and 25 citations for reports. Appropriate use of the cited literature is one

way in which prospective authors can constrain the length of their submissions.

Number of authors: The number of authors needs to be limited to a maximum of 20;
additional authors may be included as consortium, listed as individual contributors at

the end of the manuscript and recognized in PubMed.

Covering letter

Submit a covering letter and use it to explain why your paper should be published in

The Journal of Inherited Metabolic Disease.

General Rules

It is a condition of acceptance that all articles have not been and will not be published
elsewhere in substantially the same form. The submitting author must have circulated
the article and secured final approval of the version to be peer-reviewed from all co-

authors prior to article submission. This includes confirmation of
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[1 absence of previous similar or simultaneous publications,

[1 their inspection of the manuscript,

(1 their substantial contribution to the work (all authors should have been involved in
(@) conception and design, or analysis and interpretation of data, and (b) drafting the

article or revising it critically for important intellectual content), and

[1 their agreement to submission.

It should be noted that these conditions are later confirmed in writing by the
corresponding author in a copyright transfer form at the time of acceptance. Publication
elsewhere, at any time, of a similar article perhaps only differing in some aspects of
data, especially if the JIMD article is not cross-referenced, may justify formal retraction

at a later date.

Supplementary (internet-only) material may be published for all articles; we encourage
or request deposition of raw data when this appears appropriate. The following
information will be required at the time of online manuscript submission and is required

on the page following the details listed in the section “Manuscript Structure” (below):

[1 Details of the contributions of individual authors, making clear who has contributed
pertinent aspects of the planning, conduct, and reporting of the work described in the
article. [J Name of one author who serves as guarantor for the article, accepts full
responsibility for the work and/or the conduct of the study, had access to the data, and

controlled the decision to publish.

[1 A competing interest statement, i.e., either a statement describing the interests of all
authors or a declaration that they have nothing to declare, based on the “Competing

Interests Questions” outlined below.
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[1 Details of funding for all research studies including a statement that “The author(s)
confirm(s) independence from the sponsors; the content of the article has not been

influenced by the sponsors”

[1 Details of ethics approval or a statement that it was not required for all research

studies

[1 A patient consent statement for all articles or other material that contain personal
information about a patient; proof that informed consent was obtained must be available

upon request

[1If vertebrate animals have been utilized, documentation of approval from the
Institutional Committee for Care and Use of Laboratory Animals (or comparable

committee).

[1 A list of approximately six keywords; this is of particular importance for recognition

of the manuscript after publication by some search engines.

Statements, permissions, and signatures

Authors and contributors

The number of authors needs to be limited to a maximum of 20; additional authors may
be included as consortium, listed as individual contributors at the end of the manuscript

and recognized in PubMed.

Declaration of interests and competing Interests

Conflict of interest exists when an author (or the author’s institution), reviewer or editor
has financial or personal relationships that inappropriately influence (bias) his or her

actions (such relationships are also known as dual commitments, competing interests or
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competing loyalties). These relationships vary from those with negligible potential to
those with great potential to influence judgment, and not all relationships represent true
conflict of interest. The potential for conflict of interest can exist whether or not an
individual believes that the relationship affects his or her scientific judgment. Financial
relationships (such as employment, consultancies, stock ownership, honoraria, or paid
expert testimony) are the most easily identifiable conflicts of interest and the most likely
to undermine the credibility of the journal, the authors and science itself. However,
conflicts can occur for other reasons, such as personal relationships, academic

competition and intellectual passion.

All authors (co-authors) of articles, reports, reviews, editorials and other material
submitted to the JIMD (including JIMD Reports) as well as reviewers of manuscripts

must answer the following questions:

1. Have you in the past five years accepted the following from an organisation that may
in any way gain or lose financially from the results of your study or the conclusions of

your review, editorial or letter:

1 Reimbursement for attending a symposium?

[1 A fee for speaking or for organising education?

(1 Funds for research or for a member of staff?

1 A fee for consulting?

2. Have you in the past five years been employed by an organisation that may in any
way gain or lose financially from the results of your study or the conclusions of your

review, editorial or letter? Do you hold any stocks or shares in such an organisation?
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3. Have you acted as an expert witness on the subject of your study, review, editorial or

letter?

4. Do you have any other competing financial interests?

Authors who have answered "yes" to any of these questions may have a competing
interest which should be declared at the time of submission of the article (review,

editorial or other material) and which will be published in JIMD.

Other non-financial interests that authors may like to disclose include:

[1A close relationship with, or a strong antipathy to, a person whose interests may be

affected by publication of the article.

[1 An academic link or rivalry with someone whose interests may be affected by

publication of the article.

[1 Membership in a political party or special interest group whose interests may be

affected by publication of the article.

1 A deep personal or religious conviction that may have affected what the author wrote

and that readers should be aware of when reading the article.

Expert reviewers approached for assessment of submitted articles are also requested to
declare conflicts of interest that may impede on their judgement of that article. This
specifically includes competing research in the same area that could be negatively

affected by publication of the submitted article.

For additional information see also the ICIME’s “Recommendations for the Conduct,
Reporting, Editing, and Publication of Scholarly Work in Medical Journals” at

http://www.icmje.org/about-icmje/fags/icmje-recommendations/
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Ethical guidelines, human and animal rights and consents

If the work involves the use of human subjects, the author should ensure that the work
described has been carried out in accordance with The Code of Ethics of the World
Medical Association (Declaration of Helsinki) for experiments involving humans
(Uniform Requirements for manuscripts submitted to Biomedical journals). Authors
should include a statement in the manuscript that informed consent was obtained for
experimentation with human subjects. The privacy rights of human subjects must

always be observed.

All animal experiments should comply with the ARRIVE guidelines 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.

Types of article and manuscript requirements

Scientific contributions

Full Articles

The JIMD welcomes scientific contributions for publication as printed full articles in

the following categories:

[ Original Articles: Important manuscripts that may be expected to influence or change
clinical or research practice with regard to inherited metabolic disorders. Original
articles may include comprehensive studies on disease features in groups of patients,

important novel information on a disease or relevant research findings. Case reports are
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unlikely to be accepted as original papers in print JIMD, unless they describe novel
diseases or new aspects of the basic patho mechanism of a disease, supported by novel
functional data. The editors may reject submitted manuscripts as original articles but
invite revision or resubmission for publication as Reports in “JIMD Reports”. All
authors are invited to provide a colour picture that may be used for the front cover of the

issue in which the article appears.

1 Rapid Communications: Highly competitive and timely manuscripts; please contact

the editorial office: editor@jimd.org.

[1 Guidelines: Studies providing a comprehensive, representative analysis of the clinical
features, treatment and outcome of inborn errors of metabolism. For detailed
information, we refer to the Editorial: Zschocke J, Baumgartner MR, Morava E,
Patterson MC, Peters V and Rahman S (2016). Recommendations and guidelines in the
JIMD: suggested procedures and avoidance of conflicts of interest. J Inherit Metab Dis,

39:327-330

[1 Reviews: Concise summaries of metabolic pathways, specific disorders, methods,

treatment options etc.

[1 Metabolic Dissertations: The JIMD invites all researchers who have completed a
Ph.D. or M.D. thesis in the field of inborn errors of metabolism to submit a
comprehensive review of the topic of their thesis. The article should not focus solely on
the research findings but should cover all relevant information in the respective field.
Such reviews preferably (but not necessarily) have a single author (other contributors

should be acknowledged) and will be published with a photograph of the investigator.

Images in Metabolic Medicine
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The Editors will consider clear and interesting clinical pictures or other types of images
(e.g. laboratory results or observations) submitted with a descriptive paragraph of up to
250 words. Prints, slides or electronic copy are all acceptable. Authors must obtain
informed consent for publication of patient-related materials. Case reports or additional
information may be added as supplementary material. Images will be fully printed; title

and author(s) will be listed in bibliographical databases such as Medline.

Editorials

The JIMD invites communicating editors and reviewers of articles that have been
accepted for publication in the JIMD to provide an editorial that places the article in a
broader context. Editorials have no abstract, may be comprised of up to 500 words and
should contain no more than two (if any) references. Additional material can be added
as supplementary material online. Editorials will be fully printed; title and author(s) will

be listed in bibliographical databases such as Medline.

Letters and Clinical/Research Observations

The JIMD is happy to receive comments on previously published articles in the journal
which should reach the editorial office within 4 weeks of publication of the original
item. Correspondence may be subjected to peer review and counter-replies are usually
invited from the authors of the original publication. The concise form of a letter may
also be used to report exceptionally important clinical or research observations
unrelated to a previous JIMD publication that merit communication but do not fulfil the
requirements for scientific articles or short reports. These items will be peer reviewed
and if accepted will be published under the heading “Observation”. Letters should have
no more than five authors. They have no abstract, are limited to a maximum of 500

words and should contain no more than two (if any) references. Additional material can
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be added as supplementary material online. Letters will be fully printed; title and

author(s) will be listed in bibliographical databases such as Medline.

JIMD Reports

Some manuscripts present scientifically sound research findings or clinical observations
that are worth communicating but are of more limited interest to the readers of the
JIMD and may be sufficiently summarised in an abstract of 250 words. In order to
facilitate publication of these types of manuscripts, JIMD Reports has been introduced
as a sister publication of the traditional JIMD. It is an independent periodical with its
own ISSN number. All manuscripts submitted as Reports to the JIMD website will be
considered for JIMD Reports rather than for the traditional journal. They will undergo
the same review process as Original Articles (and in exceptional cases may be
reassigned for publication in the JIMD). In addition, the Editorial Team (based on the
advice of reviewers and Communicating Editors) may reject Original Articles for
publication in the JIMD but offer publication in JIMD Reports. After acceptance,
articles in JIMD Reports are professionally typeset in the same manner as articles in the
JIMD, and full documents are available online to SSIEM members and institutional
subscribers via the Springer website. Articles from JIMD Reports are submitted to
PubMed Central and are listed in PubMed as well as other abstracting and indexing
services. After an embargo period of 12 months, all manuscripts published in JIMD
Reports (in contrast to JIMD articles) are available free of charge world-wide, thereby
ensuring widest possible readership. In addition, titles and abstracts of Reports are
printed in the print-only “Extras” section of the JIMD. It is recommended to make use
of the full allowance of 250 words for the abstract of Reports to convey the message of

the article to the readers of the print journal.
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Reports follow the same rules as Full Articles; they should not be used as a form of
preliminary communication. They may take the form of Research Reports, with content
similar to that of original articles, or Case Reports. Case Reports will only be
considered when they highlight some unusual or previously unrecorded feature relevant
to the disorder or serve as an important reminder of clinical or biochemical features of a
Mendelian disorder. Chance associations of two conditions or sporadic cases from new
geographical locations (as opposed to systematic epidemiological studies) are not in

themselves of sufficient scientific merit to justify publication.

Extras in the JIMD

The Editors of the JIMD invite submission of short items that are interesting,
stimulating, important or entertaining to professionals working in the field of inborn
errors of metabolism. These items will not usually be reviewed outside the editorial
board and usually will not be referenced in bibliographic databases. All items of this
type should be submitted by email to the editorial office (editor@jimd.org); please

provide full personal details for all authors of each contribution.

Garrodian

Small texts that are used to fill gaps (e.g. at the end of original articles) have been a long
and cherished tradition in some journals. They usually have the added advantage of
entertaining readers and stimulating thought. The Editors are happy to receive
interesting stories or personal experiences of up to a few hundred words on topics such

as:

[1 A patient / paper / experience that changed my practice

1 A memorable patient / experience

111



[1 An error that proved educational or informative for lab operation or clinical care

1 How | embarked on this career path and lessons learned along the way

[1 Any other story conveying instruction, pathos or humour

If the Garrodian refers to an identifiable person, written consent for publication from

that person or an appropriate relative is required.

Book Reviews

Instructive reviews of up to 400 words are invited on new books published in the field

of inborn errors of metabolism, or closely affiliated areas.

Obituaries

The Editors of the JIMD strongly encourage submission of obituary notices for all
recently deceased SSIEM members or other persons in the field of inborn errors of
metabolism. Obituary notices should be emailed to the editorial office. Please give your
name and contact details, including a phone number and email address. Obituaries will
be considered by the editorial board and may be shortened; they will be published

(without proofs) with the name of the person(s) who submitted the notice.

Please provide:

1. The full name of the deceased

2. A photograph

3. A summary of important data:

a. (Last) professional position and title, place of work

b. Date and place of birth
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c. Primary degree with university and year when obtained

d. Additional professional qualifications with university and year when obtained

e. Date of death, cause of death

4. The main text summarising important contributions and personal characteristics of
the deceased. The last sentence should state the remaining relatives such as spouse

and/or the number of children and grandchildren.

Formatting guidelines

Language

Please write your text in good English (American or British usage is accepted, but not a

mixture of these).

Text formatting

Standard text formatting is recommended in word, with the preferential use of Times
New Roman, 12 font letters and double spaced text documents. The submission process
automatically converts text files to pdf. Units, Symbols, and Database References At the
time of first mention, diseases, enzymes or genes should be referenced to the

appropriate classification, nomenclature or database:

(1 Inherited diseases to the OMIM catalogue number

(http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=0OMIM)

[1 Enzymes to an Enzyme Commission (EC) number

(http://www.chem.gmul.ac.uk/iubmb/enzyme/)
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0 Genes to the HUGO-approved gene symbol

(http://www.gene.ucl.ac.uk/nomenclature/)

Authors should use Sl units throughout the manuscript. Biochemical nomenclature
should follow IUPAC-IUB recommendations

(http://www.chem.gmul.ac.uk/iupac/jcbn/). Nomenclature of mutations or genetic

variants should follow HGVS recommendations (http://www.hgvs.org/mutnomen/). At
the time of first mention, genetic variants should be described with both protein
designation and DNA designation (based preferably on cDNA reference numbers).
Previously published material should be acknowledged, and written permission from
copyright holders must be obtained to reproduce figures, tables or substantial sections of
text. where a paper relies on material that is under consideration by or in press in
another journal, a copy of this must be provided for the referees. When writing the
articles, please keep in mind the broad readership of the JIMD. For example, for
methods that are widely reported or published it may be worthwhile to provide a brief
two to three sentence description of the protocol to provide the reader with some insight

into the methods used.
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then the date, e.g. (Smith and Smith 1977); for 3 or more authors use et al, e.g. (Jones et
al 1989). The full references are listed in alphabetical order at the end of the paper.
Authors are listed without ‘and’. Give the first 3 authors plus et al when there are 7 or
more authors. Both in the text and list use ‘et al’ without punctuation or italicization.

Journal abbreviations follow Index Medicus or Chemical Abstracts. Examples are:
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Journals:

Smith AL, Smith JD (1977) Hybridisation methods. Nucl Acids Res 8: 1095-1098.

Chapter in an edited book:

Weinstein L, Swartz MN (1974) Pathologic mechanisms of invading microorganisms.
In Sodeman WA Jr, Sodeman WA, eds. Pathogenic Physiology: Mechanisms of

Disease. Philadelphia: WB Saunders, 457-472.

To cite a web site in the text (but not a specific document), it is sufficient to give the
address/URL (e.g., http://www.ssiem.org) without an entry in the reference list.
However, when citing a specific web document or information, a standard citation in the
text (e.g. Gaten 2000) and an entry in the reference list is required. Internet references
should include the same information that would be provided for a printed source (or as
much information as possible). The Web information is then placed at the end of the
reference. It is important to use "Retrieved from™ and the date because documents on

the Web may change in content, move or be removed from a site altogether.

Reference to personal communications requires the explicit approval of the person
quoted; written confirmation must be provided. Authors — not journal editors or copy
editors — are responsible for the accuracy of all references, which includes verifying
the source of email communications, before citing them as personal communications in

manuscripts.

Tables

Please submit tables as editable text and not as images. Tables should be placed 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
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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.

Figures

Please make sure that artwork files are in an acceptable format (TIFF, JPEG or PDF),
and with the correct resolution (>300 dpi). If, together with your accepted article, you
submit usable color figures, it will be ensured, at no additional charge, that these figures
will appear in color online 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 after receipt of your accepted article. Please
indicate your preference for color: in print or online only. Figures should be submitted
as separate files. 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.
Figure legends should be included in the submitted manuscript at the end of the

manuscript on a separate page.

Online material

Supplementary files will only appear as online material. Supplementary material can
support and enhance your scientific research. Supplementary files offer the author
additional possibilities to publish supporting applications, high-resolution images,
background datasets, sound clips and more. Please note that such items are published
online exactly as they are submitted; there is no typesetting involved (supplementary
data supplied as an Excel file or as a PowerPoint slide will appear as such online).
Please submit the material together with the article and supply a concise and descriptive

caption for each file.
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Research Materials

It is assumed that authors whose research is published by the JIMD will make
antibodies, cloned DNA sequences, and similar materials available to other
investigators in noncommercial institutions, so as to permit replication of the reported

work.

After Acceptance of a Manuscript

Proofs

Proofs will be sent to the corresponding author by email. Responses, with or without
corrections, should be sent within 72 hours. Please do not correct or edit the PDF file.
Extensive corrections must be clearly marked on a printout of the PDF file and should
be sent by first-class mail (airmail overseas). Minor corrections (+/- 10) may be sent via
email attachment to proofscorrection@springer.com. Always quote the four-letter
journal code (BOLI) and article number from your proof in the subject field of your

email.

Page charges

No page charges are levied on authors or their institutions except for colour pages. The
corresponding author will be contacted regarding costs and invoicing if the printed
manuscript includes colour figures. Colour page charges may be waived at the

discretion of the editors.
Copyright transfer
Authors will be asked to transfer copyright of the article to the Publisher. This will

ensure the widest possible dissemination of information under copyright laws.
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Open Access

In addition to the normal publication process (whereby an article is submitted to the
journal and access to that article is granted to customers who have purchased a
subscription), Springer now provides an alternative publishing option: Springer Open
Choice. A Springer Open Choice article receives all the benefits of a regular
subscription-based article, but in addition is made available publicly through Springer’s
online platform SpringerLink. To publish via Springer Open Choice, upon acceptance
please click on the link sent to you by email to complete the relevant order form and
provide the required payment information. Payment must be received in full before
publication or articles will be published as regular subscription-model articles. We
regret that Springer Open Choice cannot be ordered for published articles. See also:

www.springeronline.com/openchoice.
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