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Esta dissertagao esta estruturada de acordo com as normas do Programa de Pos
Graduacao: Ciéncias Médicas (PPGCM) da Universidade Federal do Rio Grande do
Sul e resultou em um artigo de revisao sistematica, que esta apresentado de acordo
com as normas do PROSPERO e adequado as normas de publicacdo do periédico
Arquivos de Neuropsiquiatria.



RESUMO
Introdugao: A doenga de Huntington (DH) € uma doenca neurodegenerativa

autossbmica dominante, caracterizada por sintomas neuroldgicos, psiquiatricos e
comportamentais. O principal sintoma de fala em individuos com DH é a disartria
hipercinética, porém pouco se conhece sobre a fala de individuos pré-sintomaticos
para DH. Objetivo: Apresentar evidéncias cientificas com base em revisao
sistematica da literatura (PRISMA) a respeito da fala em individuos pré-sintomaticos
para DH. Materiais e Métodos: Foram realizadas buscas de literatura sobre analise
de fala em individuos pré-sintomaticos para DH nas seguintes bases de dados:
PubMed, EMBASE e Web of Science por meio das palavras chaves
"Presymptomatic Huntington", "Speech Disorder", "Dysarthria" “Articulation
Disorders”, “Speech”, “Speech Production Measurement”, “Speaking”, “Phonological
Impairment”, “Phonology Impairment”, “Disarticulation”, “Misarticulation”. A data
limite da estratégia de busca compreendeu entre os anos de 1993 a 2022. Os
critérios de inclusdo compreenderam estudos que estivessem disponiveis na
integra, nos idiomas inglés, espanhol e portugués e que apresentassem
informagdes em relagdo ao objeto da pesquisa no resumo e/ou no corpo do artigo.
Os artigos repetidos ou que tratavam de outra tematica foram excluidos. Resultado:
O numero de sujeitos que participaram dos estudos totalizaram 150 individuos
pré-sintomaticos para a DH, 132 com diagndstico inicial e 119 controles saudaveis.
O numero de participantes dos grupos variou de 13 a 31, 14 a 87 e 15 a 30,
respectivamente. Todos os individuos pré-sintomaticos para a DH possuiam testes
genéticos preditivos com 36 repeticdbes CAG ou mais, ndo apresentavam sintomas
clinicos e foram avaliados pela escala Unified Huntington's Disease Rating Scale
(UHDRS). Leitura, fala espontanea e producido sustentada de vogais foram as
principais tarefas utilizadas pelos pesquisadores. Os subsistemas que mais
apresentaram prejuizos foram: fonagéo, respiracdo e articulagdo. Dentre as
diferengas percebidas, encontram-se menor producdo de silabas por segundo,
imprecisao articulatéria, tempo maximo de fonacdo diminuido e diferengas na
velocidade de fala. Conclusodes: Alteragdes nos parametros acusticos da fala, antes
do inicio dos primeiros sintomas clinicos ou testes genéticos em individuos
pré-sintomaticos para DH, foram relatados em todos os artigos que compdem essa
revisdo. Contudo, evidéncias mais fortes sdo necessarias para a compreensao de

como essas alteragdes se estabelecem nessa populagéo.



Palavras chave: Doenca de Huntington, fala, analise acustica, disartria.

ABSTRACT

Introduction: Huntington's disease (HD) is an autosomal dominant
neurodegenerative disease characterized by neurological, psychiatric, and
behavioral symptoms. The main characteristic of speech in individuals with HD is
hyperkinetic dysarthria, but little is known about the speech of subjects
pre-symptomatic for HD. Objective: To present scientific evidence based on a
systematic review of the literature (PRISMA) regarding speech in individuals
pre-symptomatic for HD. Materials and Methods: Literature searches on speech
analysis in individuals pre-symptomatic for HD were carried out in the following
databases: PubMed, EMBASE, and Web of Science using the keywords
"Presymptomatic Huntington", "Speech Disorder", "Dysarthria" “ Articulation
Disorders”, “Speech”, “Speech Production Measurement”, “Speaking”, “Phonological
Impairment”, “Phonology Impairment”, “Disarticulation”, “Misarticulation”. The
deadline for the search strategy comprised between the years 1993 to 2022. The
inclusion criteria included studies that were available in full, in English, Spanish and
Portuguese, and that presented information regarding the research object in the
abstract and/or in the body of the article. Articles that were repeated or dealt with
another theme were excluded. Result: The number of subjects who participated in
the studies totaled 150 individuals at risk for HD, 132 with the initial diagnosis, and
119 healthy controls. The number of participants in the groups ranged from 13 to 31,
14 to 87, and 15 to 30, respectively. All individuals pre-symptomatic for HD had
predictive genetic tests with 36 CAG repeats or more, had no clinical symptoms, and
were assessed using the Unified Huntington's Disease Rating Scale (UHDRS).
Reading, spontaneous speech, and sustained vowel production were the main tasks
used in the research. The subsystems that presented the most damage were:
phonation, breathing, and articulation. The differences were lower production of
syllables per second, articulatory imprecision, reduced maximum phonation time and
differences in speech rate. Conclusions: All articles in this review reported changes
in acoustic speech parameters before the onset of the first clinical symptoms or
genetic tests in individuals pre-symptomatic for HD. However, more robust evidence
is needed to understand how these changes are established in this population.
Keywords: Huntington's disease, speech, acoustic analysis, dysarthria.



LISTA DE FIGURAS
Figura 1 - Metodologia de busca aplicada por base de dados pesquisadas
Figura 2 - Marco tedrico

Figura 3 - Estratégia de palavras-chave e termos de busca nas bases de dados.
(anexo A)

Figura 4 - Fluxograma contendo o processo de selegdo, o numero de artigos
incluidos e excluidos e as razdes para excluséo (anexo B)



LISTA DE TABELAS

Tabela 1 - Caracteristicas demograficas e clinicas dos pacientes e controles dos
estudos incluidos (ANEXO C)

Tabela 2 - Variaveis acusticas (ANEXO D)

Tabela suplementar 1 - Artigos excluidos (ANEXO E)

Tabela suplementar 2 - Descricao das tarefas, equipamentos e softwares utilizados
em cada estudo incluido (ANEXO F)

Tabela suplementar 3 - Subsistemas de fala analisados nos estudos incluidos
(ANEXO G)



LISTA DE ABREVIATURAS E SIGLAS

CAG - citosina-adenina-guanina

DH - doenga de Huntington

RM - ressonancia magnética

SNC - sistema nervoso central

SNP - sistema nervoso periférico

TMF - tempo maximo de fonagao

UHDRS - Unified Huntington's Disease Rating Scale



2 © ® N O O AW

SUMARIO

. INTRODUCAO

REVISAO DE LITERATURA

2.1 Estratégia para localizar e selecionar as informagdes

2.2 Doenca de Huntington

2.2.1 Aspectos clinicos

2.2.2 Aspectos genéticos

2.2.3 Epidemiologia da doenga de Huntington

2.3 Alteracdes da fala em pacientes com DH

2.4 Alteracdes da fala no individuos pré-sintomaticos para DH
2.5 Analise perceptiva auditiva e objetiva dos parametros de fala
MARCO CONCEITUAL

JUSTIFICATIVA

OBJETIVO

REFERENCIAS BIBLIOGRAFICAS

ARTIGO ORIGINAL

CONSIDERACOES FINAIS

PERSPECTIVAS FUTURAS

0.ANEXOS

ANEXO A - Figura 3
ANEXO B - Figura 4
ANEXO C - Tabela 1
ANEXO D - Tabela 2
ANEXO E - Tabela suplementar 1
ANEXO F - Tabela suplementar 2
ANEXO G - Tabela suplementar 3
ANEXO H - PRISMA

11
1
11
13
13
14
15
16
16
17
19
20
20
21
26
38
38
39
39
40
41
42
43
44
45
46



11

1. INTRODUCAO

A doenga de Huntington (DH) € uma enfermidade neurodegenerativa
autossbmica dominante, caracterizada por sintomas neuroldgicos, psiquiatricos e
comportamentais (1). As alteragdes neurolégicas encontradas na DH afetam o
sistema extrapiramidal, que possui importante desempenho nos movimentos
motores e consequentemente, resultam em alteragdes na fala (2,3).

A disartria € uma alteracdo de fala resultante de comprometimento
neuroldgico, envolvendo o sistema nervoso central (SNC) ou o sistema nervoso
periférico (SNP), caracterizada pela diminuigao da forga muscular, da amplitude e/ou
da coordenagdo do movimento. A disartria manifesta-se em um ou mais dos cinco
subsistemas de producédo da fala (respiragédo, fonagao, ressonancia, articulagcéo e
prosodia) (4). Com o avango da DH, a fala modifica-se gradualmente em todos os
seus subsistemas, comprometendo sua inteligibilidade. Estudos descreveram
alteragbes como o aumento da variabilidade acustica, tempo para inicio da fala,
prolongamento excessivo de vogais curtas, reducdo da velocidade da fala, entre
outros.

A literatura indica que alteragdes sutis na fala de individuos pré-sintomaticos
para a DH podem estar presentes, mesmo antes do inicio dos sintomas ou
diagndstico clinico (5,6,7). Nesse sentido, esse trabalho visa reportar os achados da
literatura atual que contenham dados de analise de fala em individuos

pré-sintomaticos para a DH.

2. REVISAO DE LITERATURA

2.1 Estratégia para localizar e selecionar as informagoes

Foi realizada uma busca de estudos sobre analise de fala em individuos
pré-sintomaticos para DH nas bases de dados PubMed, Embase e Web of Science.
A busca pelos estudos na base PubMed compreendeu a seguinte estratégia:
(Speech Disorders|mh:noexp] OR Articulation Disorders[mh] OR Speech[mh] OR
Speech Production Measurementimh] OR Speaking[tw] OR Speech*[tw] OR
Articulation Disorder*[tw] OR Phonological Impairment*[tw] OR Phonology
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Impairment*[tw] OR Disarticulation*[tw] OR Misarticulation*[tw] OR Dysarthria*[tw])
AND (Huntington Disease[mh] OR Huntingtin Protein[mh] OR Huntington*[tw] OR
Huntingtin*[tw]) AND (1993:2022[dp]) AND (Asymptomatic Diseases[mh:noexp] OR
Asymptomatic[tw] OR Presymptomatic[tw] OR Premanifest[tw] OR Preclinical[tw]).

Para a base de dados EMBASE a estratégia foi: ('speech disorder'/exp OR
'speech'/exp OR 'speech analysis'/exp OR (Speaking OR Speech* OR 'Articulation
Disorder® OR 'Phonological Impairment® OR 'Phonology Impairment* OR
Disarticulation* OR Misarticulation* OR Dysarthria®* OR Dysarthros*'):ti,ab,kw) AND
('Huntington ~ chorea'’exp OR  ‘huntingtin/exp OR  (Huntington* OR
Huntingtin*):ti,ab,kw) AND [1993-2022]/py AND (‘asymptomatic disease'/exp OR (‘'At
risk OR  Asymptomatic OR  Presymptomatic OR Premanifest OR
Preclinical):ti,ab,kw) AND ([embase]/lim NOT ([embase]/lim AND [medline]/lim))

Para a base Web of Science os descritores selecionados foram:
(TS=(Speaking OR Speech* OR "Articulation Disorder™™ OR "Phonological
Impairment™ OR "Phonology Impairment*™ OR Disarticulation®* OR Misarticulation*
OR “Dysarthria*™) AND TS=(Huntington* OR Huntingtin*) AND TS=("At risk" OR
Asymptomatic OR Presymptomatic OR Premanifest OR Preclinical)) AND
DOP=(1993-01-01/2022-06-08).

Os resultados obtidos através das estratégias descritas acima encontram-se
na figura 1.

A data limite da estratégia de busca compreendeu entre os anos de 1993 a
2022. A escolha da data justifica-se pela descoberta do gene e a disponibilidade de
testes genéticos a partir da data de 1993. Foram selecionados artigos que
recrutassem individuos com a expansao do gene HD, independente do status
clinicos pré-sintomaticos ou controles e que abrangesse analise de fala. Os artigos
repetidos ou que tratavam de analises linguistica, verbal ou outros tipos de analise

foram excluidos.
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Artigos identificados:
PUBMED (35)
EMBASE (97)

WEB OF SCIENCE (57)
Total: 189

Artigos excluidos:
PUBMED (23)
E—— EMBASE (93)
WEB OF SCIENCE (52)
Duplicados:18
Total: 168

Artigos selecionados
para analise do resumo
(n=21)

a4 N

Registros excluidos
[resumos, nao tem
participantes
—_— assintomaticos, nao sao
sobre avaliagdo de fala)
(n=14)

- /

Artigos incluidos
na revisdo
(n=7)

Figura 1. Estratégia de busca de referéncias bibliograficas sobre as bases

que fundamentam os objetivos deste estudo. Fonte: Elaborado pelo autor.

2.2 Doencga de Huntington

A doenga de Huntington (HD) € uma enfermidade neurodegenerativa
autossOmica dominante, caracterizada por uma constelagdo de sintomas
neuroldgicos, psiquiatricos e comportamentais (1). A descrigao inicial e o epénimo
devem-se a George Huntington, médico norte-americano que em 1872 descreveu
as principais caracteristicas clinicas da doenca, inclusive apontando o seu carater

hereditario (8). Até ha algumas décadas, era conhecida como coréia de Huntington,
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devido a esse disturbio do movimento ser a manifestacdo clinica mais obvia;
contudo, ja que outros sintomas e sinais (deméncia e alteragdes comportamentais)
estdo presentes na maioria dos pacientes e que a coréia pode mesmo nao surgir em
alguns casos, o termo doenca de Huntington é mais apropriado (9).

A DH é um disturbio neurodegenerativo raro de heranga autossGmica
dominante que tipicamente inicia na quarta década de vida (10). Caracterizada por
disturbios motores, cognitivos e psiquiatricos, os sintomas iniciais consistem em
discretas alteracbes da personalidade, cognigdo e controle motor (11,12). Com a
progressao da doenga, intensificam-se as manifestagdes cognitivas, como perda da
capacidade de planejamento e memoria. Depresséo e ansiedade s&o frequentes e a
taxa de suicidio € elevada entre individuos com DH (13). A coreia, disturbio do
movimento caracterizado por movimentos involuntarios e randémicos dos membros
e face é a manifestagao clinica mais evidente, presente em aproximadamente 90%
dos casos (1). A medida que a doencga progride, outros sintomas motores surgem,
como distonia, rigidez, bradicinesia, disfagia e disartria.

A progresséo da DH ocorre de forma gradual e até o momento néo existe
tratamento clinico capaz de conter o avango da doencga. Dessa forma, a morte das
pessoas acometidas pela doenca ocorre aproximadamente 18 anos apds o inicio da
manifestagdo dos sintomas motores e cognitivos (14).

Na década de 90, a descoberta do gene proporcionou o inicio da testagem
genética, que pode ser utilizada tanto para funcao preditiva, quanto para a fungao
diagnostica (15,16).

2.2.1 Aspectos clinicos

A idade de inicio é variavel e depende em grande parte do numero de
repeticoes CAG. Os individuos portadores da mutacdo podem tornar-se
sintomaticos em qualquer idade, mas a média varia entre 35-44 anos (17). A
transicdo do periodo pré-sintomatico para o sintomatico € sutil; nesse periodo o
individuo apresenta alteragbes discretas da personalidade, cogni¢do e controle
motor (18). Com a progressado da doencga, as manifestagées cognitivas, tais como
perda da capacidade de planejamento, acentuam-se. Inicialmente a perda de
memoria ndo € a habilidade cognitiva mais comprometida, mas com a evolugao,

uma sindrome demencial subcortical por fim estabelece-se. Depressao e ansiedade
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séo frequentes e a taxa de suicidio € grande entre individuos com HD (19). Um
estudo estimou que mais de 25% dos individuos com HD tentam o suicidio em
algum momento da evolugao da doenga (20). Pessoas assintomaticas portadoras da
mutacao também apresentam risco maior de suicidio do que a populagédo em geral
(21).

Com a evolucao da doenca, as manifestacdes clinicas ficam mais evidentes.
As alteragbes motoras comprometem tanto os movimentos involuntarios como
voluntarios. A coreia € a manifestagdo mais obvia e mais de 90% dos individuos
apresentam esse disturbio do movimento, apesar de ele nao correlacionar-se bem
com a progressao da doencga (22). Com a evolugao, outros disturbios do movimento
podem surgir, como distonia, rigidez e bradicinesia. Os movimentos voluntarios sao
afetados de forma precoce, com perda do controle motor fino, instabilidade na
marcha e impersisténcia motora. O controle oculomotor também esta comprometido:
dificuldade para iniciar as sacadas, sacadas hipométricas/lentas e problemas com a
fixacdo. Além dessas manifestacdes, o individuo com HD apresenta outros achados,

como perda de peso, alteracédo do ritmo circadiano e disfungéo autonédmica (17).

Nos individuos em quem a doenca surge antes dos 20 anos (cerca de 5-10%
dos casos), os sintomas iniciais podem ser atipicos. Nesses pacientes, a alteragao
motora mais frequente ndo € a coreia, mas uma sindrome parkinsoniana
rigido-acinética. Alteracao cognitiva e disfuncédo orofaringea surgem precocemente
e podem inclusive ser as manifestagdes iniciais (23). Além disso, crises convulsivas

sao frequentes quando a doenga inicia na infancia (17,24).

Com a evolucdo da doenca, o individuo torna-se completamente dependente,
mudo e incontinente. O tempo de sobrevida médio é de 15-18 anos e a idade média
de morte, 54-55 anos (17).

2.2.2 Aspectos genéticos

A DH é causada pela expansao de uma sequéncia repetitiva do trinucleotideo
CAG (citosina-adenina-guanina) no exon 1 do gene HTT, localizado no brago curto
do cromossomo 4 (4p16.3) (15). Enquanto individuos normais apresentam

sequéncias CAG entre 10 e 35 repeti¢cdes, os afetados pela DH apresentam um
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alelo com 36 a >60 repetigdes CAG (10,25). Como a DH tem heranga autossdmica
dominante, basta a presenca de um alelo com expansdo CAG para a doenga se
manifestar. A expansdao CAG introduz um segmento expandido de glutaminas
(poliglutamina) préximo a extremidade 5' da proteina (huntingtina). A presenca
desse segmento de poliglutamina determina diversas alteragées da conformagéao e
atividade da proteina que por fim levam a neurodegeneracao (26).

O numero de repeticdes no CAGexp e a idade de inicio dos sintomas (assim
como em outras poliglutaminopatias) estdo inversamente relacionados; ou seja,
repeticdes maiores determinam idades de inicio mais precoces (27). O tamanho do
CAGexp é responsavel por cerca de 60% da variagdo na idade de inicio, sendo o
restante relacionado ao hipotético efeito de genes modificadores e do ambiente,
embora muito pouco ainda se saiba a esse respeito (28). Ha grande instabilidade do
CAGexp durante a meiose, de forma que, especialmente na espermogénese (27),
ocorre o fendmeno chamado de antecipagao: nas geragdes subsequentes, ha risco
de expansao da repeticdo CAG e, com isso, o inicio dos sintomas ocorre em idade

inferior ao do progenitor (29).

2.2.3 Epidemiologia da doenga de Huntington

A prevaléncia e incidéncia da HD, assim com muitas doengas genéticas, esta
baseada em estimativas realizadas a partir de servigos terciarios (30), com excecao
somente de um estudo que avaliou a prevaléncia de HD a partir da busca ativa de
individuos sintomaticos na comunidade (Assuit, Egito - 42.000 individuos avaliados).
Embora a prevaléncia nessa localidade ter sido elevada (21/100.000), os métodos
de avaliagao e os critérios para definir HD foram pouco claros (30).

No Brasil e em outros paises da América Latina (exceto Venezuela), até o
momento nao foram realizados estudos de avaliacido da prevaléncia ou incidéncia
de HD. Apesar da descendéncia européia (especialmente portuguesa e espanhola),
a frequéncia da HD nesses paises nao necessariamente € a mesma da Europa, ja
que houve intensa miscigenacdo com a populagdo indigena autéctone e os
escravos negros africanos. Na Venezuela, a HD esta concentrada em algumas
regides (especialmente préximo ao lago Maracaibo) que possuem prevaléncia

elevada; em outras partes do pais a frequéncia € mais baixa (0,5:100.000) (31).
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2.3 Alteracoes da fala em pacientes com DH

As manifestacdbes motoras da DH podem influenciar na producido da fala
dificultando a comunicagdo destes individuos. O tipo de disartria comumente
encontrada na DH é denominada hipercinética. Suas principais caracteristicas
compreendem hipernasalidade, qualidade vocal tensa ou aspera, soprosidade,
imprecisdes articulatorias e variacdes de volume. Podem se manifestar em qualquer
uma das bases motoras da fala, mas muitas vezes tém efeitos proeminentes na
prosddia e ritmo. Suas caracteristicas de fala desviantes sdo o resultantes de
movimentos involuntarios anormais, ritmicos ou irregulares e imprevisiveis, que
podem ser rapidos ou lentos (32).

Hertrich e Ackermann, realizaram avaliacao acustica em 13 individuos com
DH (a maioria em fases mais avancadas) e 12 controles; os individuos DH
mostraram aumento da variabilidade acustica e do tempo para inicio da fala
(voice-onset-time), além de prolongamento excessivo de vogais curtas. Os autores
interpretaram estes achados como decorrentes da doenga avangada, o que foi
congruente com a literatura para patologias degenerativas cerebelares (33).

Skodda e colaboradores avaliaram 21 individuos DH (5 anos de duragdo em
meédia) e 21 controles. Os autores encontraram um padrao de alteragdo na fala com
reducdo da velocidade da fala (taxa de articulagao), aumento das pausas e grande
incapacidade na geracéao de silabas unicas (34).

Rusz e colaboradores avaliaram 34 individuos DH com duragdo média da
doenca de 5,9 anos e 34 controles. Os autores encontraram flutuacao irregular nos
tons, interrupcao na fonagao subita e articulacbes mal realizadas. Neste estudo os
autores observaram moderada correlagcédo (r = - 0,48) entre interrupgao subita da

fonag&do e componentes voluntarios da escala UHDRS (35).

2.4 Alteracoes da fala no individuos pré-sintomaticos para DH

Os estudos que descrevem alteragdes de fala em individuos pré-sintomaticos
para DH sdo escassos, focados apenas em alguns subsistemas da fala e em sua
maioria, do tipo caso-controle e/ou transversais.

Em 2014, Rusz e colaboradores analisaram a ocorréncia de alteracdes no

subsistema de fonacdo em 28 individuos pré-sintomaticos e 28 individuos
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saudaveis. Utilizou-se apenas como tarefa a fonagdo da vogal sustentada /a/. Os
resultados foram avaliados em correlagdo com a fungdo motora global, escore
cognitivo, escore de carga da doencga e anos estimados para o inicio da doencga.
Como resultados, foram observadas alteragcdes no subsistema fonagao presentes
nos estagios pré-motores da DH (5).

No mesmo ano de 2014 Skodda e colaboradores avaliaram o tempo de fala
de 28 individuos pré-sintomaticos e 28 controles, ambos pareados por idade e sexo.
Foram realizadas tarefas de leitura, repeticbes de silabas e vogal /a/ sustentada.
Observaram-se alteragdes na regularidade e na velocidade da fala nos individuos
pré-sintomaticos. O estudo ainda descreve que estas medidas podem vir a servir
como uma ferramenta util para o monitoramento clinico da incapacidade funcional
destes individuos (6).

Hinzen e colaboradores procuraram determinar o perfil linguistico sistematico
que caracterize a fala narrativa espontanea em individuos pré-sintomaticos e
sintomaticos e como ela esta relacionada a degeneragao do estriado e aos perfis
neuropsicolégicos. Vinte e oito individuos portadores de um alelo HTT expandido
(19 sintomaticos e 9 pré-sintomaticos), pareados com 28 controles, participaram de
uma tarefa de contar historias. A fala foi cegamente pontuada por avaliadores
independentes de acordo com variaveis linguisticas distribuidas em 5 dominios
(Quantitativo, Fluéncia, Referéncia, Conectividade e Concordancia). Em todos estes
dominios houve diferengas significativas entre os grupos. Déficits de referéncia
(problemas no uso referencial da linguagem, como identificar, em uma estéria, os
personagens e 0s objetivos) e conectividade (identificar com as oragbes estéo
inter-relacionadas) foram observados no estagio pré-sintomatico e alteragdes em
medidas quantitativas (numero de palavras por minuto) nos sintomaticos. Os
resultados mostram também que os portadores da expansdo CAG apresentam
deficiéncias linguisticas sistematicas que levam a disfluéncias e desorganizagdes

nos dominios centrais da organizagao gramatical (36).

2.5 Analise perceptiva auditiva e objetiva dos parametros de fala

A avaliagdo clinica da disartria tem sido realizada através da analise de
parametros de fala por meio da percepcao auditiva, em um método conhecido como

avaliacao perceptivo-auditiva da fala. Provas de repeticao de palavras e frases, de
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analise do discurso e de produgdes orais pré-estabelecidas sao algumas das tarefas
utilizadas na pratica clinica, sem que isso pressuponha a aplicacdo de protocolo
especifico (37,38).

A avaliagdo por meio de um instrumento objetivo, por outro lado, permite a
obtencdo de dados quantitativos de diversos parametros da fala, como fonagao,
ressonancia, articulacao, respiracdo e prosodia, informag¢des que seriam de outra
forma inacessiveis através de métodos auditivo-perceptuais. Essas informacoes
podem favorecer o diagndstico, a comparagdo entre desempenhos de diferentes
pacientes, além de possibilitar a avaliagdo da evolugdo de um mesmo paciente
(39,40). Além disso, a avaliagédo acustica da fala através de instrumentos objetivos é

de facil realizacéo, é ndo invasiva e tem custo muito baixo (41).

Para complementar a avaliagao perceptivo-auditiva, os dados objetivos da
avaliacdo acustica vocal computadorizada tornaram-se opg¢ao ao oferecerem
informagdes nao percebidas pelo ouvido humano (42). Na possibilidade da voz
disartrica ser um sinal menos peridédico, a selecdo de medidas relacionadas a
frequéncia fundamental mostra-se uma boa opg¢ao de analise (43). A frequéncia
fundamental € o parametro mais resistente aos diferentes sistemas de analise
acustica (44) e o menos sensivel aos meios de gravacgéo (45). Para a avaliagao do
subsistema laringeo, alguns autores utilizaram medidas relacionadas a frequéncia
fundamental (média, moda, extensao, desvio-padrao, etc), medidas de perturbacao
(jitter — sensacéao psicoacustica da frequéncia fundamental, e shimmer - sensagao
psicoacustica da intensidade), de ruido e de tremor (46). Outra medida utilizada na
caracterizagdo de transtornos neurolégicos € a variabilidade da frequéncia
fundamental, em semitons (44), que, além de corroborar a analise
perceptivo-auditiva, em estudo com distonia laringea e tremor essencial vocal,

apresentou-se distinta nas diversas disartrias avaliadas (47).

Medidas especificas para as disartrias, como as relacionadas ao tremor
(magnitude da amplitude e frequéncia do tremor, por exemplo) e transigcdo do
segundo formante (habilidade em repetir duas vogais combinadas, com transi¢cao
rapida e ritmica dos pontos articulatérios, avaliando assim a mobilidade
articulatoria), foram propostas em estudos anteriores e o sistema para analisa-las foi

considerado confidvel para as alteragbes de fala (48). A andlise do segundo
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formante tem mostrado alta correlagdo com a percepgao da inteligibilidade das
vocalizagbes. Tais medidas foram consideradas indicadores sensiveis do

comportamento motor da fala (49).

Além das medidas tradicionais da analise acustica (frequéncia fundamental e
suas variagdes, medidas de perturbacao e ruido), a tarefa de diadococinesia tem se
mostrado eficaz para a caracterizacdo da disartria e pode oferecer dados uteis para

a compreensao de processos fisiopatoldgicos (48).

A avaliagdo acustica e objetiva das diversas bases motoras da fala pode,
além de servir como método diagndstico e acompanhamento evolutivo, pode
fornecer informagdes que sirvam como potenciais biomarcadores de progressao da
doenga, tanto em fases sintomaticas de doencas neurodegenerativas, como em

fases pré-sintomaticas (34,41).

3. MARCO CONCEITUAL

Alteragbes da fala podem estar presentes em estagios muito precoces da
doenca, mesmo antes das manifestacbes mais caracteristicas da doenca. A
literatura tem levantado que a analise da fala em individuos em risco de desenvolver

DH pode detectar alteragdes antes do diagnostico clinico ou sintomas motores.

Doenca de Analise Alteracdes de
Huntington Acustica fala
IR - L
‘?“ ‘ﬁ 3 I||||I|||||H|b|l
e 0.20  0.25  0.30

Figura 2. Esquema para marco tedrico. Fonte: Elaborado pelo autor.
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4. JUSTIFICATIVA

As alteracdes na fala de individuos com DH sdo comuns, entretanto poucos
estudos avaliaram essa funcdo em individuos pré-sintomaticos. Apesar da auséncia
de padréao entre os métodos utilizados em estudos que avaliam a fala de pacientes
com DH pré-sintomaticos, ha consenso de que tracar um perfil de fala destes
individuos podera trazer novas abordagens no que diz respeito a diagnostico e
reabilitacdo precoces, ocasionando uma melhor qualidade de vida. Além disso, a
avaliacdo da fala podera servir como preditor de progressdo da doenga, com
possivel utilizacdo em estudos clinicos de drogas com potencial para modificar a

histéria natural da doenca.

5. OBJETIVO

5.1 Objetivo primario

Realizar uma revisao sistematica da literatura sobre alteracbes da fala em

individuos pré-sintomaticos para doenga de Huntington.
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Abstract

Introduction: Huntington's disease (HD) is an autosomal dominant
neurodegenerative disease, characterized by neurological, psychiatric and
behavioral symptoms. The main characteristic of speech in individuals with HD is
hyperkinetic dysarthria, but little is known about the speech of subjects
pre-symptomatic for HD. Objective: To present scientific evidence based on a
systematic review of the literature (PRISMA) regarding speech in individuals
pre-symptomatic for HD. Materials and Methods: Literature searches on speech
analysis in individuals pre-symptomatic for HD were carried out in the following
databases: PubMed, EMBASE and Web of Science using the keywords

"Presymptomatic Huntington", "Speech Disorder", "Dysarthria" Articulation
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Disorders”,

Speech”, “Speech Production Measurement”, “Speaking

, “Phonological
Impairment”, “Phonology Impairment”, “Disarticulation”, “Misarticulation”. The
deadline for the search strategy comprised between the years 1993 to 2022. The
inclusion criteria included studies that were available completed, in English, Spanish
and Portuguese and that presented information regarding the research object in the
abstract and/or in the body of the article. Articles that were repeated or dealt with
another theme were excluded. Result: The number of subjects who participated in
the studies totaled 150 individuals at risk for HD, 132 with initial diagnosis and 119
healthy controls. The number of participants in the groups ranged from 13 to 31, 14
to 87 and 15 to 30, respectively. All individuals pre-symptomatic for HD had
predictive genetic tests with 36 CAG repeats or more, had no clinical symptoms, and
were assessed using the Unified Huntington's Disease Rating Scale (UHDRS).
Reading tasks, spontaneous speech and sustained vowel production were the main
tasks used in the research. The subsystems that presented the most damage were:
phonation, breathing and articulation. The differences were lower production of
syllables per second, articulatory imprecision, reduced maximum phonation time and
differences in speech rate. Conclusions: Changes in acoustic speech parameters,
before the onset of the first clinical symptoms or genetic tests in individuals at risk for
HD, were reported in all articles that make up this review. However, stronger
evidence is needed to understand how these changes are established in this
population.

Keywords: Huntington's disease, speech, presymptomatic.

Introduction

Huntington's disease (HD) is an autosomal dominant neurodegenerative
disorder characterized by neurological, psychiatric and behavioral manifestations (1).
It is caused by the expansion of a repetitive sequence of the trinucleotide CAG
(cytosine-adenine-guanine) in exon 1 of the HTT gene, located on the short arm of
chromosome 4 (4p16.3) (2,3). Normal individuals have CAG sequences below 35
and those symptomatic, above 36 repeats.

Dysarthria is a speech disorder resulting from neurological impairment, both in
the central or peripheral nervous system, and characterized by decreased muscle

strength, amplitude and/or coordination of movement. Clinical manifestations of
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dysarthria are within the five subsystems of speech production (breathing, phonation,
resonance, articulation and prosody) (4). In HD several speech impairments have
already been described. As the disease progresses, changes in all subsystems may
occur. Previous studies have described changes such as increased variability and in
time to start speaking, excessive prolongation of short vowels and reduced speech
rate (5,6).

The beginning of the symptomatic phase of HD is usually considered when
motor and behavioral signs and symptoms appear. However, subtle clinical or even
subclinical manifestations may occur before the more obvious onset of the disease,
such as cognitive decline, eye movement changes and weight loss (7.8). In addition,
subtle alterations in the speech may also occur, usually detected only through
acoustic measurements, i.e. imperceptible to conventional speech analysis
(8,9,10,11). Therefore, our aim is to perform a systematic review of speech disorders

in asymptomatic carriers for HD.

Methods

A search for studies on speech analysis in asymptomatic carriers for HD was
performed in the PubMed, EMBASE and Web of Science databases. This systematic
review followed the Preferred Reporting Iltems for Systematic Reviews and
Meta-Analysis (PRISMA) (12). We included studies from the years 1993, when the
gene that causes HD was discovered. We selected articles that performed acoustic
analysis in asymptomatic carriers (Pre-symptomatic HD) and also in controls.
Articles that dealt with linguistic, verbal or other types of analysis were excluded. To
organize and select the articles found we used the Rayyan Application (14). The
articles were reviewed by two authors independently and duplicates, abstracts and
reviews were excluded. This study is registered on the PROSPERO platform (13)
under the number 340533. Figure 3 presents the keywords and search terms

strategy in the databases.

Results

The search performed in the databases resulted in 189 articles. Figure 4

shows the flow diagram of studies found. After initial selection, 21 studies were



30

pre-selected. Of these, 7 were included for review and data extraction. The articles
excluded after full reading and the reasons for exclusions were shown in the
Supplementary Table 1.

The subjects who participated in the studies totaled 150 individuals
pre-symptomatic for HD, 132 with the initial diagnosis, and 119 healthy controls. The
number of participants in the groups ranged from 13 to 31, 14 to 87, and 15 to 30,
respectively. All individuals pre-symptomatic for HD had predictive genetic tests with
36 CAG repeats or more, had no clinical symptoms, and were assessed using the
Unified Huntington's Disease Rating Scale (UHDRS).

Table 1 presents the findings with the characterization of the sample. Despite
the heterogeneity of the selected articles and insufficient information, whenever
possible, we extracted relevant information about the participants, including age,
sex, and UHDRS scale motor score.

Reading, spontaneous speech, and sustained vowel production were the
main tasks used in the research. Supplementary Table 2 describes the reading tasks
and equipment used for data collection in the selected articles. The subsystems that
presented the most damage were: phonation, breathing, and articulation. The
differences were lower production of syllables per second, articulatory imprecision,
reduced maximum phonation time and differences in speech rate. Table 2 presents
the acoustic variables, and supplementary table 3 presents the speech subsystems

found in the studies.

Discussion

All articles included in this review suggest that changes in speech, even if
subtle, appear before the genetic diagnosis or motor symptoms of HD, and the
parameters extracted through acoustic analysis can be potential findings for clinical
markers in subjects at pre-symptomatic for HD (29,30,31,32,33,34,35).

Studies indicate neuronal degeneration years before the clinical diagnosis,
and possible changes in speech appear along with this degeneration (32,33).
Despite most articles (29,31,33,34) addressing the advantage that different
languages do not influence acoustic analyzes, Riad et al, warn about the need to

validate the methods, especially for each disease and investigation of interest. In
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addition, different recording devices, acoustic analysis software, and other factors
contribute to the mixed methodology and variability of results (30).

All selected studies have, as inclusion criteria, participants pre-symptomatic
for HD with predictive genetic tests with 36 CAG repeats or more. Three studies
involved subjects pre-symptomatic for HD matched to age-matched, neurologically
healthy controls (32,33,35). Two studies evaluated changes in subjects
pre-symptomatic, with overt HD and neurologically healthy controls (29,34). Finally,
two studies evaluated subjects pre-symptomatic for HD and subjects with early-stage
HD. One study used machine learning technology (30).

Regarding the acoustic analysis of speech, the articulation subsystem was
evaluated in five articles (30,31,32,34,35), phonation in four (29,33,34,35), prosody
was described in three studies (29,34,35) breathing in two articles (32,35) resonance
in one study (29) and auditory perceptual assessment (APA), despite being
considered the gold standard (36) was performed in only one study (29).

The first article citing speech disorders in subjects pre-symptomatic for HD,
analyzed the speech of 18 individuals pre-symptomatic for HD and 18 controls
through the following tasks: diadochokinesis, repetition of sentences, and production
of the sustained vowel /a/. The variables were categorized into three acoustic
measures: speech production speed, maximum phonation time, and variability in
speech and voice (35).

In diadochokinesia, the features analyzed were: the average number of
syllables, the average duration of the syllable, and the coefficient of variation of the
duration of syllables per sentence.

In the task of repetition of phrases with different intonations, the duration of
the utterance, time of the beginning of vocalization, and average time of the
beginning of vocalization were verified. The sustained vowel task /a/ verified the
maximum phonation time (MPT).

The data obtained in this study showed that individuals pre-symptomatic for
HD had a lower number of syllables per breath, more significant variability in syllable
duration, changes in jitter, shimmer, and harmonic signal-to-noise (HNR)
measurements, and a reduced maximum phonation time in comparison with the
controls, showing this difference in the phonation, breathing and articulation

subsystems.



32

The second study analyzed speech samples from 30 individuals with the
mutant HTT gene (13 individuals at risk for HD and 17 overt HD matched by 15
healthy controls) (34). Participants were asked to produce a monologue, 1 minute,
reading a phonetically balanced text and automatic speech with the days of the
week. The articulation and phonation subsystems showed differences between the
groups, which corroborates the previous study (35). In this study, the authors also
pointed out changes in the prosody subsystem.

For these speech subsystems, the analyzed variables pointed to a slower
rhythm (both of the word and the speech) and more extended periods of silence
between words and even during evocation, in comparison with healthy controls, thus
showing a lack of coordination between breath and speech, characteristic of
hyperkinetic dysarthria (36).

The data obtained in this study showed that individuals pre-symptomatic for
HD had a lower number of syllables per breath, more significant variability in syllable
duration, changes in jitter, shimmer, and harmonic signal-to-noise (HNR)
measurements, and a reduced maximum phonation time in comparison with the
controls, showing this difference in the phonation, breathing and articulation
subsystems.

In this study, the differences between the groups were in the spontaneous
speech and reading tasks and not in the automatic speech task. There may be a
relationship between cognitive function and the motor production of speech (37).
Tasks that require an increase in cognitive demand, such as spontaneous speech,
generate difficulties initiating motor action (apraxias) (38). In contrast, tasks with
greater automaticity (such as directed speech and sentences) tend to present less
impairment. The authors highlighted the data presented parameters between the
performance of controls and early-stage HD.

The third study analyzed the speech of 28 subjects pre-symptomatic for HD
and 28 healthy controls (33). Of the 15 phonatory measures found in this study, the
variables related to vocal quality showed the most significant impairment between
the two groups. In subjects pre-symptomatic for HD, alterations occurred mainly in
NVB and DUV measurements, and increased noise (HNR and DFA) compared to
controls. 68% of these subjects had at least one altered acoustic variable in the
phonation subsystem. Differing from other studies, where the findings for the same

phonation subsystem showed alterations in the MPT, pitch, and noise variables, the
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authors concluded that possibly the alterations continue to appear as the motor
worsens (14,30).

In 2016, Skodda evaluated 28 subjects at risk for HD and compared them to
the control group (32). Acoustic analysis was correlated with clinical and magnetic
resonance imaging (MRI) data. For the reading task, subjects at risk for HD showed
increased speech rate (NSR) as well as in the syllable repetition task (maxSylRep)
and repetition duration (IntDur), where the increase was also observed. Thus,
subjects at risk for HD showed greater articulatory imprecision and greater speech
variability (in diadochokinesis and reading tasks) compared to controls, showing
greater variability in speech and time, with worsening in participants closer to the
onset of the disease. At the same time that the NSR increases, a decline in
articulatory precision is observed.

Speech rate showed correlations with the volume of brain areas, the genetic
load score of the disease, its probability of onset, and estimated years. These
findings differ from the data found by Klapoun and Vogel, in which, according to the
authors, there was no report of increased speed or repetition of syllables in subjects
at risk for HD (34.35).

In 2020, Ramona analyzed samples from 31 subjects at risk for HD and 31
subjects with overt HD (31). A set of filtered vowel measures (FVDM) were extracted
from sustained /a/ vowel tasks and a phonetically balanced text. The authors found a
correlation between the DFA measurement and the manifestation of HD. Measures
extracted from vowels corroborate the findings by Rusz, where the analyzed data
obtained statistical significance for the same measure of vocal alteration (DFA) (33).
In this study, the authors warn of the damage that may occur due to the limitation of
the acoustic analysis without considering the changes resulting from coarticulation,
suggesting that vowel distortion is more prominent in a speech during reading than in
isolation.

Riad, in a multicenter prospective study, developed a machine-learning model
with 126 speech samples from 103 individuals (16 individuals at risk and 87
individuals with HD (30). Similar speech characteristics were obtained separately
from the progressive counting tasks (1 to 20) and regressive with dual attention tasks
(20 to 1 with hands up and eyes closed).

The speech subsystems that showed more significant impairment included

articulation and phonation. A relationship between the mean duration and standard
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deviation of silences with striatum atrophy in the group of individuals at risk for HD
was also reported in this study. Changes in rhythmic characteristics and articulatory
imprecision were susceptible to disease progression. In addition, speech production
measures, according to the authors, accurately point clinical measures in HD to
functional, motor, and cognitive UHDRS.

Recently in 2022, Chan analyzed the speech characteristics of 60 individuals
(16 at risk for HD, 14 with early-stage HD, and 30 controls) (29). Through auditory
perceptual analysis (APA), the evaluators described articulatory imprecision,
changes in speech rate, reduced pitch and loudness, and hypernasality in the
subjects at risk for HD. The APA that observed slow speech rate agreed with the
objective findings of speech timing from the acoustic analysis described in this study.

Despite the alterations in speech subsystems in this study, the data were
insufficient to diagnose individuals as dysarthric. These findings corroborate the
study by Vogel, in which the authors reported intermediate parameters of change
between the at-risk and early-stage HD groups (34). Although changes in speech
subsystems in subjects at risk for HD did not show statistical significance, both
studies agree that the performance of issues at risk for HD appears intermediate
between individuals with HD in the initial stage and the control group.

In addition to speech production in complex waveforms, effective
communication is influenced by other elements such as intonation, rhythm and
utterance timing involving various linguistic processes such as lexical access, syntax
system and processing and encoding of speech sounds. Cognitive decline,
especially working memory, can directly compromise these linguistic elements,
impairing speech performance (29,32).

Another review study pointed out the altered prosody function before the
clinical diagnosis of HD (39) The authors indicated a reduction in speech agility,
reduced control of the vocal folds and varied speaking time. However, they highlight
the need for changes in this subsystem to be influenced by cognitive and linguistic
changes. Altered speech rate suggests inefficient oral motor control and/or cognitive
deficits, suggesting that speech rate decreases as cognitive changes advance,
however, there is no information on how these data are related (29,32,39).
Considering motor alterations and that cognitive performance for oral tasks is
independent of this factor, but can be influenced by it, its effect should be analyzed in

future research.
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Conclusion

Before the onset of the first clinical symptoms or genetic tests in individuals at
risk for HD, changes in acoustic speech parameters were reported in all articles that
make up this review. However, more robust evidence is needed to understand how

these changes are established in this population.
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8. CONSIDERAGOES FINAIS

Alteracdes sutis na fala sdo observadas na fase pré-sintomatica da DH por
meio de analise acustica, apontando ser um potencial biomarcador para a doenca.
Usar a fala como material para avaliagdo, uma vez que os dados sao de facil coleta,
possuem custo de execugdo relativamente baixo e fornecem dados robustos
tornam-se interessantes para os pesquisadores.

Apesar de serem necessarias evidéncias mais fortes para estabelecer essa
relagdo, os achados reforcam a necessidade de estudos com um numero maior de
individuos, com protocolos e softwares padronizados, além de estudos que avaliem

de forma longitudinal individuos com essa condigao.
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9. PERSPECTIVAS FUTURAS

Alteracdes na fala sao frequentes em individuos portadores pré-sintomaticos
para DH, demonstrando ser um potencial achado como biomarcador para a doenga.
Porém, para estabelecer essa relagao, estudos que contemplem um numero maior
de participantes, a correlacdo dos dados com testes cognitivos e de imagem e

estudos longitudinais sdo necessarios para consolidar essa relagao.

10. ANEXOS

Anexo A - Figure 3. Keywords and search terms strategy in the databases.

PubMed

(Speech Disordersimh:noexp] OR Articulation Disorders[mh] OR
Speech[mh] OR Speech Production Measurementimh] OR Speaking[tw] OR
Speech*[tw] OR Articulation Disorder*[tw] OR Phonological Impairment*[tw] OR
Phonology Impairment*[tw] OR Disarticulation*[tw] OR Misarticulation*[tw] OR
Dysarthria*[tw]) AND (Huntington Disease[mh] OR Huntingtin Proteinjmh] OR
Huntington*[tw] OR Huntingtin*[tw]) AND (Asymptomatic Diseases[mh:noexp] OR
Asymptomatic[tw] OR Presymptomatic[tw] OR Premanifest[tw] OR Preclinical[tw]).

Embase

('speech disorder'/exp OR 'speech'/exp OR 'speech analysis'/exp OR
(Speaking OR Speech* OR 'Articulation Disorder*' OR 'Phonological Impairment*'
OR 'Phonology Impairment® OR Disarticulation®* OR Misarticulation* OR
Dysarthria® OR Dysarthros*'):ti,ab,kw) AND (‘Huntington chorea'/exp OR
'huntingtin'/exp OR (Huntington* OR Huntingtin*):ti,ab,kw) AND [1993-2022]/py
AND (‘asymptomatic disease'/exp OR (‘At risk' OR Asymptomatic OR
Presymptomatic OR Premanifest OR Preclinical):ti,ab,kw) AND ([embase]/lim NOT
([embase]/lim AND [medline]/lim))

Web of science
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Para a base Web of Science os descritores selecionados foram: (TS=(Speaking
OR Speech* OR "Articulation Disorder*™ OR "Phonological Impairment*™ OR

"Phonology

Impairment*™ OR Disarticulation*

OR Misarticulation*

OR

“Dysarthria*™) AND TS=(Huntington* OR Huntingtin*) AND TS=("At risk" OR
Asymptomatic OR Presymptomatic OR Premanifest OR Preclinical)) AND
DOP=(1993-01-01/2022-06-08).

Anexo B - Figure 4. Flow diagram of the articles searching. Montar por ultimo

para nao desconfigurar

Identification of studies via databases and registers

)

ldentification

[

Screening

Records identified from:
PUBMED (33)
EMBASE (97)

WEB OF SCIENCE (57)

Total: 189

Records removed before
screening.
Artigos excluidos:
PUBMED (23)
EMBASE (93)
WEB OF SCIENCE (52)
Duplicados: 18
Total: 168

Reports assessed for eligibility
in=21)

Reports excluded:
Without speech analysis (T)
About language (5)
About dysphagia (1)
Cluestionnaire validation (1)




Included

Studies included in review

(n=7)
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Anexo C - Table 1. Demographic and clinical characteristics of patients and controls
of the studies included.

Pre-symptomatic Symptomatic Controls
Age Male UHDR n Age Male UHDR n Age Male
mean (%) S-TM mean (%) S-TM (%)
(sd) S (sd) S
Chanetal. 16 421 37,5% 5.6 14 30
2022 (11.5) (7.2)
Riad etal. 16 87 47,0 36,11
2022 9,1) %
Romanaet 31 31
al. 2020
Skoddaet 28 37.8 50% 28 40.82
al. 2016 (8.6) (8.86)
Ruszetal. 28 37.1 50% 2.2 28 39.7
2014 (9.3) (2.4) (9.3)
Vogeletal. 13 38.4 38,46  3.39 15 57.9 53%
2012 (8.1) % (4.82) (12.2)
Kaplounet 18 39,14( 38,88 18 39,57
al. 2011 NR) %

UHDRS: Unified Huntington Disease Rating Scale - Total Motor Score



Anexo D - Table 2. Description of the acoustic variables

Articulation Diadochokinetic
AMR (sy/s) /pal repetition
AMR (sy/s) /tal repetition
Average AMR capacity

SMR (sy/s) /pata/ repetition
SMR (sy/s) /patakal/ repetition

Stability of repetition pace single
syllable (CoV1)

Stability of repetition pace pared
syllabe (CoV2)

Respiratory

MPT (s) sustained vowel /a/
MPT (s) sustained vowel /a/
MPT (s) sustained vowel /a/
Phonation

Sustained vowel FO SD (st)
Sustained vowel Jitter (%)
Sustained vowel Shimmer(%)
Sustained vowel Shimmer(%)

Sustained vowel HNR (dB)

Sustained vowel NHR Pitch breaks (%)

Sustained vowel NHR Voice breaks

(%)

Sustained vowel Vocal arrest (%)
Prosody-Speech Timing

Total speech time (s) Automated
Total speech time (s) Reading
Total speech time (s) Monologue

Total silence time (s) Automated
speech

Total silence time (s) Reading

Total silence time (s) Monologue

Silence ratio (%) Automated speech

Silence ratio (%) Reading speech

Silence ratio (%) Monologue speech

Silence ratio (%) Monologue

Speech rate (syl/s) Automated speech

Speech rate (syl/s) Reading
Speech rate (syl/s) Reading

18
18
18
18
18

28

28

18
28
28

28
28
18
28
28
18

28
28

15
15
15

15
15
15
15
28
15
15
15
28
15

control HD
mean

5.49
5.22
5,36
2.81
1.91

0.98

1.31

19.12
141
16.5

0.30
0.61
2.31
3.18
22.3
0.12

0.04

3.81
35.58
31.47

0.4
9.69
8.23
8.7
14.20
212
20.75
3.74
5.33
3.9

control HD
mean (SD)

0.54
0.69
0,63
0.53
0.31

0.31

1.21

7.26
43
8.3

0.13
0.29
0.88
1.42
4.0

0.01

0.19

0.71
3.5
2.68

0.49
3.14
2.4
8.01
6.09
5.85
6.08
0.82
0.61
0.39

18
18
18
18
18

28

28

18
28
28

28
28
18
18
28
18

28
28

13
13
13

13
13
13
13
28
13
13
13
28
13

n

PreHD
mean

4.98
4.69
4.48
2.35
1.63

1.61

2.24

14.12
16.9
17.0

0.30
0.80
3.31
3.69
19.0
0.13

0.09

04.05
36.91
30.94

0.65
9.3
8.52
11.53
14.18
20.16
21.65
3.44
6.05
3.88

PreHD
mean (SD)

0.71
0.70
0.71
0.36
0.26

0.54

0.86

5.99
7.6
7.2

0.16
0.55
0.96
1.25
4.1

0.01

2.04
0.27

0.88
6.55
3.71

0.79
2.38
3.26
9.67
3.34
4.54
8.21
0.9

0.62
0.67

43

Reference

Kaploun, 2011
Kaploun, 2011
Kaploun, 2011
Kaploun, 2011
Kaploun, 2011

Skodda, 2016

Skodda, 2016

Kaploun, 2011
Rusz, 2014
Skodda, 2016

Rusz, 2014
Rusz, 2014
Kaploun, 2011
Rusz, 2014
Rusz, 2014
Kaploun, 2011

Rusz, 2014
Rusz, 2014

Vogel, 2012
Vogel, 2012
Vogel, 2012

Vogel, 2012
Vogel, 2012
Vogel, 2012
Vogel, 2012
Skodda, 2016
Vogel, 2012
Vogel, 2012
Vogel, 2012
Skodda, 2016
Vogel, 2012

MD = mean difference; SD = standard deviations; sy/s = syllable/second; AMR = alternating motion rate; SMR = sequential
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motion rate; MPT = maximum phonation time; FO = fundamental frequency; dB = decibel; HNR = harmonies to noise ratio;

Anexo E - Supplementary Table 1. Articles excluded after full reading and
reasons for exclusion

References Reasons for exclusion

Carlozi et al. 2021 Questionnaire validation
Schumann-Werner et al. 2021 About dysphagia

Tovar et al. 2020 About language
Carlozzi et al. 2018 Without speech analysis
Rieke et al. 2018 Without speech analysis
Zarotti et al. 2018 Without speech analysis
Hinzen et al. 2017 About language
Diego-Balaguer et al. 2016 Without speech analysis
Penegyres et al 2011 Without speech analysis
Diego-Balaguer er al. 2008 About language
Sprengelmeyer et al. 2005 Without speech analysis
Hamilton et al. 2003 Without speech analysis

Haskins et al. 2000 Without speech analysis
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Anexo F - Supplementary Table 2. Description of the tasks, equipment and software
used in each included study

Study Task Recording Software
equipment

Chan et al. 2022 - sustained vowel /a/ laptop, microphone  Audacity
- reading a
phonetically
balanced text
- production of
monologue

Riad et al. 2022 * - progressive count  Telephone Praat

Romana et al. 2020

Skodda et al. 2016

Rusz et al. 2014

Vogel et al. 2012

Kaploun et al. 2011

from 1 to 20
- countdown from 1
to 20

- sustained vowel /a/
- reading a
phonetically
balanced text

- sustained vowel

- reading a
phonetically
balanced text

- maximum syllable
repetition capacity

- sustained vowel

- reading a
phonetically
balanced text

- days of the week

- sustained vowel

- maximum syllable
repetition capacity
- repetition of
phrases

laptop, microphone

laptop, microphone

laptop, microphone

laptop, microphone

Microphone and
recorder

Seshat platform

NR

Steinberg WavelLab

Steinberg WavelLab

Praat

NR

* In this study, when performing the countdown task, participants were asked to keep their hands up

and their eyes closed (double attention).

NR: not reported
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Anexo G - Supplementary Table 3. Speech subsystems analyzed in the
included studies

Phonation Articulatio Resonanc Breathing Prosody

n e

Chan et al. 2022 X X X
Riad et al. 2022 X

Romana et al. X

2020

Skodda et al. 2016 X X X
Rusz et al. 2014 X

Vogel et al. 2012 X X X

Kaploun et al. 2011 X X X




ANEXO H - PRISMA

Section/topic

#

47

Checklist item

TITLE

Title 1 [Identify the report as a systematic review, meta-analysis, or both. P(F?S 0

ag.

ABSTRACT

Structured 2 [Provide a structured summary including, as applicable: background; Yes

summary objectives; data sources; study eligibility criteria, participants, and (P.3)
interventions; study appraisal and synthesis methods; results; limitations;
conclusions and implications of key findings; systematic review
registration number.

INTRODUCTION

Rationale 3 |Describe the rationale for the review in the context of what is already Yes
known. (P.21)

Objectives 4 [Provide an explicit statement of questions being addressed with reference Yes
to participants, interventions, comparisons, outcomes, and study design (P.21)
(PICOS).

METHODS

Protocol and 5 |Indicate if a review protocol exists, if and where it can be accessed (e.g., Yes

registration Web address), and, if available, provide registration information including
registration number.

Eligibility criteria 6 [Specify study characteristics (e.g., PICOS, length of follow-up) and report Yes
characteristics (e.g., years considered, language, publication status) used (P.11)
as criteria for eligibility, giving rationale.

Information 7 |Describe all information sources (e.g., databases with dates of coverage, |Yes

sources contact with study authors to identify additional studies) in the search and (P.11)
date last searched.

Search 8 |Present full electronic search strategy for at least one database, including [Yes
any limits used, such that it could be repeated. (P.11)

Study selection 9 [State the process for selecting studies (i.e., screening, eligibility, included [Yes
in systematic review, and, if applicable, included in the meta-analysis). (P.11)

Data collection 10 |Describe method of data extraction from reports (e.g., piloted forms, Yes

process independently, in duplicate) and any processes for obtaining and (P.29)
confirming data from investigators.

Data items 11 |List and define all variables for which data were sought (e.g., PICOS, No
funding sources) and any assumptions and simplifications made.

Risk of bias 12 [Describe methods used for assessing risk of bias of individual studies No

in individual (including specification of whether this was done at the study or outcome

studies level), and how this information is to be used in any data synthesis.

Summary 13 [State the principal summary measures (e.g., risk ratio, difference in No

measures means).
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Synthesis of
results

Describe the methods of handling data and combining results of studies, if
done, including measures of consistency (e.g., I?) for each meta-analysis.

Yes
(P.29)

Section/topic

#

Checklist item

Risk of bias across |15 [Specify any assessment of risk of bias that may affect the cumulative No

studies evidence (e.g., publication bias, selective reporting within studies).

Additional analyses|16 |Describe methods of additional analyses (e.g., sensitivity or subgroup NA
analyses, meta-regression), if done, indicating which were pre-specified.

RESULTS

Study selection  [17 |Give numbers of studies screened, assessed for eligibility, and included in [Yes, (P.
the review, with reasons for exclusions at each stage, ideally with a flow 39)
diagram.

Study 18 |For each study, present characteristics for which data were extracted (e.g.,|YeS (P.

characteristics study size, PICOS, follow-up period) and provide the citations. 40)

Risk of bias within |19 |Present data on risk of bias of each study and, if available, any outcome NA

studies level assessment (see item 12).

Results of 20 |For all outcomes considered (benefits or harms), present, for each study: [NA

individual studies (a) simple summary data for each intervention group (b) effect estimates
and confidence intervals, ideally with a forest plot.

Synthesis of 21 |Present results of each meta-analysis done, including confidence intervals [NA

results and measures of consistency.

Risk of bias across |22 |Present results of any assessment of risk of bias across studies (see Item NA

studies 15).

Additional analysis |23 [Give results of additional analyses, if done (e.g., sensitivity or subgroup ~ [NA
analyses, meta-regression [see ltem 16]).

DISCUSSION

Summary of 24 [Summarize the main findings including the strength of evidence for each  [NA

evidence main outcome; consider their relevance to key groups (e.g., healthcare

roviders, users, and policy makers).

Limitations 25 |Discuss limitations at study and outcome level (e.g., risk of bias), and at  [NA
review-level (e.g., incomplete retrieval of identified research, reporting
bias).

Conclusions 26 [Provide a general interpretation of the results in the context of other NA
evidence, and implications for future research.

FUNDING

Funding 27 [Describe sources of funding for the systematic review and other support NA
(e.g., supply of data); role of funders for the systematic review.




