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“You get a strange feeling when you are
about to leave a place, like you'll not only
miss the people you love but you will miss the
person you are now at this time at this place,

because you'll never be this way ever again.”

Azar Nafisi
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APRESENTACAO
A investigacdo transversal desenvolvida para esta tese € parte integrante daquelas
previstas em um projeto maior, aqui denominado Projeto Principal ("Fatores de risco para a saude
bucal em idosos independentes, com €nfase no estado nutricional e na fragilidade: Estudo de
coorte de base populacional").

O Projeto Principal foi aprovado pelo Comité de Pesquisa da Faculdade de Odontologia

da Universidade Estadual de Campinas (ANEXO).



RESUMO

Objetivos: Esta tese teve como objetivo avaliar a relacdo entre satide bucal e funcdo cognitiva
através de uma revisao sistematica com metandlise e de um estudo transversal.

Métodos: Para a revisdo sistemdtica e metanalise, foram selecionados estudos de coorte
prospectivos publicados entre 1990 e 04 de dezembro de 2014, através do banco de dados
PubMed, Embase, PsycoINFO e Cochrane Library of Systematic Reviews. A razdo de riscos
agrupados (HR), com intervalo de confianca de 95% (IC 95%), foi calculada, para estimar o
efeito, usando-se o modelo de efeitos aleatdrios. Além disso, foi realizado um estudo transversal,
aninhado na coorte da cidade de Carlos Barbosa, situada no Sul do Brasil. Os dados incluidos sao
de 117 idosos edentados (média de idade 73.7+ 5.6 anos) usudrios de protese total, avaliados em
2013. A funcdo cognitiva foi avaliada usando a versdo brasileira do Mini-Exame do Estado
Mental (MEEM). A qualidade funcional das proteses foi avaliada através de exame clinico, e a
dificuldade mastigatoria foi auto-reportada. A andlise dos dados foi realizada por meio de
modelos de regressao linear.

Resultados: A revisdo sistematica selecionou dez estudos de coorte; dentre estes, oito foram
incluidos na metandlise. Em comparagdo aos individuos com uma denti¢ao considerada ideal (=
20 dentes), os individuos com uma denticdo considerada ndo adequada tiveram um risco
significativamente maior de ter declinio cognitivo (HR = 1.28 IC 95%: 1.15-1.41) e deméncia
(HR = 1.22 IC 95%: 1.04-1.43). No estudo transversal, o escore médio do MEEM da amostra
total foi de 23.1 (DP=4.4) e foi associado com a idade (p= .001), educac¢do (p< .0001), sintomas
depressivos (p= .003), dificuldade mastigatoria (p= .001) e com a qualidade funcional das
proteses (p< .0001). No modelo final, a dificuldade mastigatoria foi associada com a func¢do

cognitiva apds o ajuste para fatores de risco significativos (p= .002).



Conclusao: Os resultados da revisdo sistemdtica e metandlise de estudos de coorte prospectivos e
do estudo transversal suportam a hipdtese de associacdo entre saude bucal/mastigacdo e estado
cognitivo.

Relevancia clinica: O potencial efeito benéfico de uma denticdo adequada e préteses funcionais
no estado cognitivo, através da mastigacdo, poderia adicionar estratégias preventivas para

diminuir o risco de morbidade em 1dosos.

Palavras-chave: Cognicao; Protese total; Mastigagdo; Fatores de Risco



ABSTRACT

Objectives: To evaluate the relationship between oral health and cognitive function through a
systematic review/meta-analysis as well as a cross-sectional study.

Methods: For the systematic review and meta-analysis, relevant articles published between 1990
and 4 December 2014 were identified by searching the PubMed, EMBASE, PsycolNFO, and
Cochrane library databases. Pooled hazard ratios (HRs) with 95% confidence interval (CI) were
calculated with a random-effects model. For the second objective we performed a cross-sectional
study nested in a cohort study conducted in 2013. We evaluated 117 elderly edentulous
individuals (mean age 73.7 + 5.6 years) wearing complete denture, and residing in Carlos
Barbosa, Rio Grande do Sul, Brazil. Cognitive function was assessed using the Brazilian version
of the Mini-Mental State Examination. Clinical examination was conducted to evaluate the
quality of denture, and masticatory difficulty was self-reported. Data were analyzed using linear

regression models.

Results: The systematic review selected 10 cohort studies, of which 8 were included in the meta-
analysis. Compared with the patients who had optimal dentition (=20 teeth), individuals with
suboptimal dentition had a significantly increased risk of having cognitive decline (HR=1.28,
95% CI: 1.15-1.41) and dementia (HR=1.22, 95% CI: 1.04-1.43). In the cross-sectional study,
the mean MMSE score for the total sample was 23.1 (SD=4.4) and was associated with age
(p=.001), education (p<.0001), depressive symptoms (p=.003), as well as perceived masticatory
disability (p=.001) and the functional quality of dentures (p<.0001). Perceived masticatory

disability was associated with cognitive status (p=.002) after adjusting for significant risk factors.

Conclusion: The results of the systematic review and meta-analysis of prospective cohort studies



as well as the cross-sectional study lend support to the hypothesized association between oral
health/mastication and cognitive status.

Clinical Significance: The potential beneficial effect of an optimal dentition and functional
dentures on cognitive status, via mastication, could suggest preventive strategies to decrease
substantial risk of morbidity in elders.

Keywords: Cognition; Tooth loss; Mastication; Risk factors
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1 INTRODUCAO

O envelhecimento populacional estd ocorrendo em quase todos os paises do mundo. Esse
processo, conhecido como uma “transi¢do demografica” decorre, em parte, da reducdo das taxas
de mortalidade e, principalmente, das taxas de fertilidade em declinio (1-3). De acordo com as
Nacoes Unidas, a populacdo mundial vai crescer 37% até a metade do século e pessoas com 60
anos ou mais representardo 32% da populacdo, sendo que, pela primeira vez na histdria, o

nimero de individuos idosos (com 60 anos ou mais) vai superar o nimero de criangas (1, 2).

Historicamente, os individuos desse segmento da populagcdo estavam em maior concentragao
em paises desenvolvidos, podendo, inclusive, em alguns paises, como Japao, Itdlia e Alemanha,
corresponder a 25% da populacdo (1-3). No entanto, atualmente, registra-se uma tendéncia
contraria ao observado anteriormente, pois a propor¢ao de idosos estd aumentando mais
rapidamente em paises em desenvolvimento do que nos paises desenvolvidos. Espera-se que, em

2050, mais de 60% da populagdo de idosos vivam nos paises em desenvolvimento (1, 2).

No entanto, o envelhecimento populacional também se traduz em um maior nimero de
problemas de longa duragdo, e assim os anos de vida ganhos s3o vividos em condigdes de
dependéncia envoltos em uma maior carga de morbidade, uma vez que, com o envelhecimento,
surgem as doencas cronico-degenerativas e suas implicacdes, colocando em risco a qualidade de

vida do idoso (4-6).

2

E esperado que a propor¢ao de idosos com doengas neurodegenerativas aumente em
funcdo do declinio de dreas corticais (especialmente o cortex entorrial e o hipocampo) (7),
vulnerdveis a patologias neuroldgicas, como a deméncia (8). Nos dias atuais, essa crescente

prevaléncia de deméncia aumenta as dificuldades dos sistemas de satde e governos no que tange
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ao manejo da populacdo acometida por essas doencas, bem como com esse novo perfil

epidemioldgico (9).

Deméncia € um termo geral para um grupo de doengas neurodegenerativas que se
caracterizam por um ou mais dos seguintes sinais e sintomas: declinio ou perda da memdria,
problemas de comportamento, mudancas de humor, grave perda de fungdo cognitiva, afasia
(incapacidade de utilizar e compreender linguagem), apraxia (incapacidade de usar e
compreender tarefas motoras) e/ou agnosia (incapacidade de usar e compreender os objetos) (10,
11). A deméncia € uma das doengas mais comuns no idoso (9). Estima-se que a deméncia tenha
mais impacto na vida das pessoas com 60 anos do que cancer ou doencas cardiovasculares, sendo

responsavel por 11,2% dos anos vividos com incapacidades em pessoas dessa faixa etéria (9).

A Doenca de Alzheimer (DA) € a causa mais comum de deméncia, predominando em
torno de 60 a 70% dos casos totais (9, 12). A DA afeta o cérebro, principalmente nas dreas da
memoria e da linguagem, levando a um progressivo prejuizo dessas fun¢des. A doenca evolui
primeiramente com a perda progressiva da memdria, comegando por fatos recentes e progredindo

até a perda total, seguida de desorientacao temporal e espacial (13, 14).

Nos Estados Unidos (EUA), € estimado que a DA afeta 1 em cada 9 individuos com 65
anos ou mais, e em torno de 30% da populagdo com idade a partir de 85 anos (32%), sendo que
quase 2/3 dos americanos com Alzheimer sao mulheres. A DA € a unica causa de morte entre as
10 doencas que mais matam nos EUA que ndo pode ser curada. Estima-se que, em 2015, essa
doenca devera gerar um custo de 228 bilhdes de dolares, e devera ultrapassar a barreira de um

trilhdo de ddlares em 2050 (15).
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Poucos estudos sobre prevaléncia da Doenca de Alzheimer t€m sido realizados na
América Latina. O primeiro estudo de base populacional no Brasil foi realizado no interior de
Sado Paulo, observando-se uma prevaléncia de deméncia de 7,1% (22). A taxa de incidéncia de
Alzheimer observada foi de 14,8 por 1.000 pessoas/ano, a partir de dados do estudo de coorte

PALA (Porto Alegre Longitudinal Aging Study) (16).

A prevaléncia mundial da DA € de aproximadamente 40 milhdes. Espera-se que, no ano
de 2050, esse numero seja multiplicado por quatro (17). Apesar de alarmantes, esses nimeros sao
provavelmente subestimados, pois nao incluem aqueles individuos nos primeiros estagios clinicos
da doenga. Portanto, o Alzheimer e outras deméncias deverdo estar entre as mais importantes

questdes globais de saude publica (17).

As alteracdes neuropatologicas da DA descritas hda mais de um século por Alois
Alzheimer (18) e conhecidas até hoje como caracteristicas centrais da doencga sdo as placas senis,
formadas por um depdsito extracelular de proteina f-amiloide e os emaranhados neurofibrilares,
que sdo acumulos de filamentos da proteina tau (19). Inicialmente, a evolucdo destas lesdes nao
ocorre de forma homogénea, ocorrendo principalmente nas areas responsaveis pela memoria e
funcdes executivas como o hipocampo. Depois, outras regides sdo atingidas, comprometendo
cada vez mais as func¢des cognitivas do individuo (13, 14). Entretanto, as causas e progressao da

doenca ainda ndo sdo completamente compreendidas.

Contudo, o que se sabe € que parte dos sintomas da DA decorre pela disfun¢do do sistema
colinérgico (20). Entre os neurdnios, existem substancias chamadas neurotransmissores (como a
acetilcolina), responsaveis pelo fluxo elétrico entre eles. Nos portadores da DA, o nivel de

acetilcolina encontra-se diminuido, o que acontece ou por uma menor produgdo da enzima
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acetiltransferase, que € responsavel pela sintese da acetilcolina, ou por excessiva produgdo da
enzima acetilcolinesterase, que degrada a acetilcolina (21). Logo, os neurdnios de individuos com
DA, em certas localizagcdes do cérebro, comecam a morrer mais rapido do que em individuos

idosos ndo comprometidos pela DA.

E essa disfungdo dos neurdnios colinérgicos que estdo envolvidos na atengdo e na
memoria tem sido a base para a terapia colinérgica em individuos com DA, cujo tratamento tem
como objetivo minorar os sintomas, aprimorando a funcao colinérgica (21). Todavia, até os dias
atuais, todas as terapias experimentais ‘“modificadoras da doenca” para a DA falharam em
demosntrar beneficios clinicos em individuos sintomaticos, incluindo individuos com declinio
cognitivo leve (22) e com deméncia (23). Uma possibilidade para estes fracassos € que as drogas
foram administradas muito tardiamente no curso do processo patoldgico da DA. Ou seja, no
momento em que o primeiros sintomas da DA aparecem, substancial (e atualmente irreversivel)
perda neuronal e sindptica ja ocorreu em regides cerebrais criticas para funcoes cognitivas (24,

25).

Entretanto, um fator-chave que estd mudando o diagnostico e a terap€utica na DA € que ja
€ possivel identificar, através de amostras de fluido cérebro-vascular, neuroimagens de
volumetria e neuroimagens funcionais, os marcadores neuropatologicos da DA em individuos
cognitivamente saudaveis, ou seja, entre 5 a 10 anos antes do aparecimento dos sintomas clinicos
da doenca (26-28). Com isso, considera-se que a Doenga de Alzheimer compreenda trés fases:
uma fase pré-sintomatica, uma fase prodromica (que seria o Declinio Cognitivo Leve) e, entdo, a
fase de deméncia (22). No entanto, estudos t€m mostrado que um terco dos individuos que

possuem os marcadores neuropatologicos do Alzheimer ndo experimentam os sintomas de
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declinio cognitivo durante a sua vida (12). Assim, o maior desafio das pesquisas atuais €
identificar quem € propenso a converter o quadro de cogni¢do normal para um quadro de declinio

cognitivo que possivelmente vai evoluir para a deméncia propriamente dita.

A expressao da DA, portanto, € susceptivel de ser multideterminada através de interacdes
entre fatores de risco que se somariam a uma patologia clinicamente silenciosa, levando ao
desenvolvimento do quadro clinico. Entre os fatores de risco ndo modificaveis, estdo a idade (29),
sexo (30, 31) e a influéncia genética (32). Consequentemente, ha um crescente esfor¢co na
tentativa de identificar os fatores de risco modificdveis e fatores preventivos que possam atrasar o
inicio da doenga, retardando os sintomas de declinio cognitivo. Sdo estabelecidos, como fatores
de protecdo, as atividades intelectuais (33), atividades fisicas (33-35), escolhas alimentares
saudaveis (36), engajamento social, e redugcdo do estresse psicoldgico (33). Acredita-se que um
nivel de educacdo formal mais elevado e um estimulo do fluxo sanguineo cerebral provocado por
um exercicio fisico possam fornecer uma reserva cognitiva que permita aos individuos uma
melhor “compensacdo” das mudancas no cérebro resultantes da DA (37-39), através da

mobiliza¢do de recursos cerebrais alternativos.

O termo reserva cognitiva descreve a resisténcia da mente as lesdes no cérebro, sendo
determinada pelo nimero de neurdnios e suas sinapses € pela arborizacao dentritica associadas as
estratégias cognitivas relacionadas ao estilo de vida (37-39). Assim, um individuo que utiliza uma
rede neuronal mais eficiente, terd uma maior reserva cognitiva, mantendo-o assintomatico por um

periodo mais prolongado perante a presenga de patologia cerebral (37, 39, 40).

Nos ultimos anos, um fator que vem ganhando importancia no campo dos fatores de

protecdo contra a deméncia e DA € a mastigacdo, que, através de mecanoreceptores € musculos
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da regido orofacial, geraria um impulso aferente até o hipocampo, provocando um aumento na
atividade neuronal neste local e, consequentemente, um maior substrato cerebral nos circuitos
diretamente relacionados a memoria (41-43). A influéncia da mastigagdo sobre o aumento na
atividade neuronal poderia ser semelhante a outros fatores protetores ja bem estabelecidos em

relacdo a reserva cognitiva, como a escolaridade e a atividade fisica (34, 44).

A plausibilidade para a influéncia da mastigag¢do na fun¢ao cognitiva tem sido investigada
por estudos intervencionais em animais € humanos. Os estudos experimentais em modelo animal
descrevem os efeitos neurobioldgicos € cognitivo-comportamentais a curto € longo prazo como
consequéncia de uma mastigacdo comprometida. Em geral, os testes sdo realizados com o auxilio
de ratos/camundongos transgénicos, apresentando um envelhecimento acelerado (SAM -
senescence-accelerated-mouse/mice), € sugerem que uma mastigacdo comprometita (causada
pela perda de funcionalidade dos dentes molares, seja pela extracdo, reducdo das coroas ou ainda
com a introdu¢do de uma dieta exclusivamente macia), seria, a longo prazo, prejudicial as
funcdes cognitivas devido a alteracOes neurobioldgicas (45-54). Nessas condi¢Oes, apesar de
esses roedores ainda serem capazes de mastigar, a hipofuncdo oclusal provocaria alteracdes
degenerativas e anormais nos mecanorreceptores da regido orofacial, sugerindo um feedback

sensorial suprimido da mastigagcdo ao sistema nervoso central (SNC) (55-58).

Onozuka et al., em 1999 (45) relacionaram perda dental e deméncia em camundongos com
envelhecimento acelerado (SAM), sendo que, apds realizarem desgastes corondrios nos molares,
constataram uma diminui¢cdo da capacidade de aprendizagem e uma menor densidade de
neurdnios no hipocampo desses animais. Os mesmos autores, mais tarde, corroboraram com o0s

achados de Kato et al. (50), reportando uma diminui¢do da liberacdo de acetilcolina e da
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atividade da acetilcolinatransferase no hipocampo de camundongos que tiveram seus molares
extraidos (46). Os autores chegaram a conclusdo de que o estimulo aferente sensorial do sistema
mastigatorio teria uma importancia na manutencao sindptica hipocampal, lembrando que a
reducdo da atividade da acetilcolina-transferase, especialmente no cortex cerebral e hipocampo, €
uma alteracao caracteristica em individuos com DA (20). Esta conclusdo foi suportada também
por outros estudos, os quais referiram uma reducdo das sinapses no cortex cerebral e no
hipocampo de roedores, apos limitarem a funcdo mastigatoria através da introducdo de uma dieta
exclusivamente macia (47-49). Esses estudos sugerem que a exiguidade da atividade de
mecanoreceptores na regiao orofacial poderia estar relacionada a alteragdes neuropatoldgicas,
pois, a longo prazo, poderia causar a diminuicdo de neur6nios e, por conseguinte, aumentar a
vulnerabilidade desses animais a deficits de memoria e de aprendizado (47-49).

Em um mecanismo subjacente, o estudo de Eukuni et al. (52) observou que o estresse
psicologico induzido pela desarmonia oclusal mantida durante oito semanas desencadeou um
acumulo de proteina [3-amildide no hipocampo de ratos pela sinaliza¢ao de glicocorticdide.

Em sintese, os estudos em modelos animais trazem evidéncias de que uma diminui¢ao da
atividade mastigatoria coincide com a deterioracdo cronica de fungdes comportamentais e
fisiologicas, as quais sdo agravadas quando essa atividade diminuida persiste por um longo
periodo (45). A deterioragdo de funcOes comportamentais € parcialmente revertida apds os
animais terem a sua oclusdo reestabelecida (52, 53). Além disso, a extensao/intensidade das
alteracOes cognitivas € maior em animais senis do que em animais jovens ou resistentes
geneticamente a senescéncia (45, 46,48, 53).

Essas evidéncias em modelos animais sugerem um mecanismo causal entre a mastigacao e
a funcdo cognitiva, indicando que uma mastigacdo eficiente pode ter uma agdo positiva €
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preventiva na perda de cogni¢do, enquanto que uma hipofunc¢do mastigatoria poderia causar uma
deterioragdo morfologica e comportamental em animais. Tal mecanismo € suportado por trés
teorias (57). A primeira seria que a redugdo do estimulo aferente sensorial pela hipofungdo
mastigatoria diminuiria a capacidade de neurogenese, pois, segundo os estudos que avaliaram
esta caracteristica em roedores, a hipofun¢do mastigatoria induz uma redugdo na proliferacao e
diferenciagdo neuronal, e, consequentemente, uma reducdo da quantidade de neurdnios no
hipocampo (45, 54). A segunda teoria proposta sugere que a mastigacdo deficiente poderia
provocar uma desregulacdo do eixo hipotdlamo-pituitaria-adrenal (HPA), sendo que um excesso
de glicocorticoides no hipocampo suprime as func¢des de aprendizado e memoria (59, 60). Por
fim, uma disfuncdo colinérgica, provocada pela hipofungdo mastigatoria, levaria ao prejuizo de
func¢des hipocampo-dependentes. Cabe salientar, aqui, que a ruptura do sistema colinérgico foi
observada em roedores apds a extracdo de molares (46, 50). Assim, essas alteracOes
comportamentais e morfoldgicas relacionadas com a disfun¢do mastigatoria parecem resultar
principalmente da atividade reduzida das vias sensoério-motoras, do estresse cronico, ou ambos,
em animais de laboratorio.

Em humanos, quanto mais o hipocampo processa os estimulos aferentes sensoriais
periféricos recebidos a partir do sistema mastigatorio, uma melhor funcdo do hipocampo €
mantida (34). Assim, Van Praag (34) sustenta a hipdtese de que a entrada sensorial normal do
sistema mastigatorio € essencial para manter as fungdes cognitivas, especialmente no hipocampo
senil. Uma fun¢do mastigatdria reduzida em uma idade jovem pode, a curto prazo, ndo afetar a
funcdo do hipocampo, pois o hipocampo recebe ricas entradas sensoriais continuas através da
atividade locomotora vigorosa dos Orgaos sensoriais periféricos para manter a sua funcdo. Na
velhice, porém, a atividade locomotora € bastante reduzida (61), e 6rgdos periféricos senescentes
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nao fornecem informacao sensorial suficiente para manter a func¢do do hipocampo, levando a um
declinio gradual (7, 59, 62). Nesta fase, a eliminacdo de entrada sensorial do 6rgdo mastigatdrio
poderia acelerar o processo senil no hipocampo.

Nesse sentido, estudos sugerem que o efeito positivo da mastigagdo sobre a fungdo
cognitiva seria mediado pelo aumento do fluxo sanguineo cerebral provocado pelo estimulo
agudo da atividade mastigatoria (43, 63-65). Estudos recentes utilizando imagem por ressonancia
magnética funcional (RMf) suportam a hipdtese de que a mastigacdo melhora a funcdo do
cérebro, particularmente, o desempenho de tarefas cognitivas sustentadas (43, 64, 65). AvaliacOes
em que individuos mascaram chicletes sem componentes de odor e sabor, observaram que o
estimulo mastigatorio aumentou os niveis de oxigenacdo no cérebro, ou sinais de BOLD (blood
oxygen level dependent contrast) (43, 64, 65). Além disso, ativagdes mais proeminentes
ocorreram em dreas especificas relacionadas com a memoria, como no cortex pré-motor direito,
no talamo, no hipocampo e no lobo parietal inferior.

Como provavel resposta ao aumento do fluxo sanguineo cerebral, o efeito da goma de
mascar também parece ter um efeito positivo nas fun¢des cognitivas comportamentais, como a
memoria de trabalho avaliada através de testes de recordagdo imediata e tardia de palavras (66)
(67). Com isso, pode-se dizer que o0 movimento de mascar induz um aumento do fluxo sanguineo
cerebral em regides importantes para a cogni¢do, acelerando ou recuperando o processo de
memoria de trabalho (43, 64-67). Adicionalmente, tem sido observado que a reabilitacdo
protética de individuos com edentulismo total ou parcial também aumentou a perfusdo cerebral, a
qual esta associada a uma melhor func¢ao cognitiva (68-70).

Esses estudos experiementais em humanos, entretanto, mostram o efeito agudo do
estimulo mastigatorio nas func¢des cognitivas. O efeito cronico dessa associagdo tem sido
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explorado em estudos com desenho de caso-controle, transversal e longitudinal, através de
varidveis exploratorias que incluem nimero de dentes, uso de protese e habilidade mastigatdria.

A auséncia de 50% ou de mais de dentes naturais, especialmente em idades precoces, tem
sido apontada como um fator de risco para desenvolver DA (46, 71, 72). Um periodo prolongado
de edentulismo (>15 anos) (73) e perda dentéria (74) é relacionado com um maior risco de uma
baixa performance cognitiva global em individuos idosos. Edentulismo também € associado com
uma baixa memoria episddica em individuos cognitivamente saudaveis (75). Estudos
longitudinais corroboram com esses resultados, uma vez que o risco de declinio cognitivo € maior
em individuos edéntulos ou com poucos dentes remanescentes (76-78). Um menor nimero de
dentes também foi correlacionado com um maior risco de deméncia em acompanhamentos
longitudinais de quatro a 18 anos (76, 79-81), em individuos 1dosos. Uma relagdo negativa entre
um alto funcionamento cognitivo (fun¢do executiva) € a presenca de desordens temporo-
mandibulares, dor orofacial, e dores de cabeca foi encontrada em individuos adultos saudaveis
utilizando proéteses totais, como também foi obervada uma relagdo positiva entre a performance
mandibular (forca maxima de oclusio e mobilidade mandibular) e memoria epsddica (82).
Multiplas perdas dentarias e dificuldade mastigatoria auto-reportadas foram associadas com o
prejuizo do funcionamento cognitivo global em uma amostra com individuos idosos (83). Em
mulheres idosas sofrendo de deméncia, a habilidade mastigatoria foi significativamente mais
baixa que em mulheres idosas sem deméncia (84).

Em resumo, tais estudos mostram que, tanto em modelos animais, quanto em humanos,
uma menor fungdo mastigatdria € associada com um menor desempenho cognitivo. Nao obstante,
outros fatores t€ém sido sugeridos para explicar a relagdo entre saude bucal e cognicao.

Ser apto a manter uma dieta adequada, no intuito de manter um estado nutricional
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saudavel, poderia ter uma influéncia mediadora na relacdo entre mastigacdo e cogni¢do (85-88),
entre outros fatores, facilitando a neurogénese (34). Com o conhecimento dessas informacoes,
pode-se inferir que a reducdo da mastigacdo poderia alterar a fungdo cognitiva através da
desnutricao, especialmente no caso de extragdes. Em estudos em humanos, a perda de dentes ou
desuso de proéteses dentdrias induziu um consumo inadequado de frutas e vegetais (89). No
entanto, o estado nutricional ndo modificou a associacdo entre um baixo numero de dentes e

auséncia de préteses com comprometimento cognitivo (72, 90).

Também vem sendo sugerido que o efeito da mastigacdo na fun¢@o cognitiva poderia ser
mediado pelo estresse, uma vez que a mastigacdo deficiente pode causar estresse, € que uma
mastigacao adequada poderia aliviar o estresse, tanto em humanos (91), quanto em animais (92).
Regides envolvidas em memoria e em funcdo executiva, como o hipocampo e o cortex pré-

frontal, respectivamente, sdo conhecidas por sua vulnerabilidade ao estresse (93).

Além desses mecanismos fisioldgicos comumente sugeridos para explicar a relagdo entre
mastigacao e cogni¢do, alguns outros também sdo mencionados. A doenga periodontal, a qual
implica em um risco para processos inflamatorios cronicos, poderia interagir com o sistema

imunoldgico e fungdes cerebrais, implicando na progressao da doenga de Alzheimer (94-96).

Outros especulam que talvez um traco genético aumente a propensao patoldgica e cause
deterioragdo de ambos, cognicao e fungdo mastigatdria (97). No entanto, qual destes mecanismos
subjacentes € o apropriado para explicar a associagdo entre mastigacdo e cogni¢do ainda €
desconhecido. Embora ndo existam ensaios clinicos controlados randomizados que investiguem
esta relacdo e esclarecam os mecanismos envolvidos, parece relevante revisar sistematicamente

estudos de coorte prospectivos, como melhor evidéncia disponivel para ilustrar o efeito de uma
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possivel relacdo bidirecional entre saude bucal e cognigao.

Além disso, a maioria dos estudos que investigaram a relacdo da saude bucal/mastigagao
com a funcdo cognitiva esteve baseada em dados odontoldgicos auto-relatados, os quais
incluiram numero de dentes e uso de protese como varidveis exploratorias. Nenhum estudo
epidemioldgico investigou o efeito da qualidade funcional de proteses totais na fungdo cognitiva
de individuos edéntulos, embora alguns estudos experimentais tenham revelado o aumento da
atividade cerebral em individuos que tiveram suas préteses totais ajustadas ou que receberam
proteses novas funcionalmente adequadas (68-70). Assim, justifica-se a importancia de estudos
epidemioldgicos que objetivem avaliar a influéncia da qualidade funcional da protese e a

habilidade mastigatoria dos portadores dessas préteses na fungdo cognitiva desses individuos.
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2 OBJETIVOS
2.1 Objetivo geral

Avaliar a relacdo entre saude bucal e fungdo cognitiva.

2.2 Objetivos especificos

- Realizar uma revisdo sistemdtica e metanalise de estudos de coorte prospectivos sobre a relacao
entre a saude bucal e fungdo cognitiva em individuos adultos.
- Avaliar a relagdo da qualidade funcional de proteses totais e habilidade mastigatéria com o

escore do Mini-Exame do Estado Mental (MEEM) em individuos idosos.
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3 MANUSCRITOS

O corpo da presente tese € composto por dois manuscritos:

Manuscrito I: “Oral health and Cognitive Function: A Systematic Review and Meta-analysis
of Cohort Studies”

Formatado para ser submetido no periddico Journal of Dental Research.

Manuscrito II: “Cognitive status of edentate elders wearing complete denture: Does quality
of denture matter?”

Aceito para publicag@o no Journal of Dentistry.
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3.1 Manuscrito I

Oral Health and Cognitive Fuction: A Systematic Review and Meta-analysis of Cohort
Studies
Daiane Cerutti-Kopplin, Raphael Freitas de Souza, Motahare Ahmadi, Linda Booij, Dalva Maria
Padilha, Elham Emami

ABSTRACT
Background and objective: Emerging evidence suggests that optimum oral health contributes to
maintaining cognitive function. This review aims to systematically assess the association between
oral health and cognitive status in an adult population.
Methods: Eligible study reports published between 1990 and 4 December 2014 were identified by
searching the Medline (via Ovoid), EMBASE, PsycoINFO and Cochrane library databases. Pooled
hazard ratios (HRs) with 95% confidence interval (CI) were calculated using a random effects
model.
Results: From 1.251 identified articles, a total of 10 articles were included in the systematic review
and eight in the meta-analysis. Random effects analysis showed that individuals with suboptimal
dentition were at higher risk for developing cognitive decline (HR=1.28, 95% CI=1.15, 1.41) and
dementia (HR=1.22, 95% CI=1.04, 1.43) than those with optimal dentition (=20 teeth). The
association between periodontal disease and cognitive status remains inconclusive.
Conclusion: These results suggest that tooth loss is associated with an increased risk of cognitive
impairment. However, the evidence is limited due to the limited number of studies and high risk of
bias within the studies.

Keywords: Cognitive; Dentures; Tooth loss; Mastication; Risk factors
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INTRODUCTION

Emerging evidence suggests that optimal oral health contributes to maintaining cognitive function
(1-6). Accordingly, this can indicate that preserving a good oral health status may prevent neuro-
degenerative diseases such as cognitive impairment and Alzheimer Disease. The potential
beneficial effect of optimal oral health on cognitive status can be explained through three distinct
mechanisms: 1) Increased cerebral blood flow via masticatory stimulation (1, 4), ii) nutritional
pathway (7-10) and ii1) protection from periodontal disease induced-systemic-inflammation (11).
According to the first mechanism, masticatory sensory stimulation increases cerebral blood flow
(2, 3, 12-15) and neurotransmitter function (1), which in turn could contribute to the maintenance
of cognitive function (1-3, 12-14, 16-21). Alternatively, the nutritional pathway emphasizes the
role of teeth in maintaining a healthy diet rich in antioxidants (cereals, fruits, and, vegetables) (7-
10). In fact, evidence from epidemiological research strongly supports the role of anti-oxidants in
cognitive function (22). Finally, chronic inflammation is recognized as playing a critical role in the
pathogenesis of cognitive diseases (11). Therefore, it could be speculated that periodontal diseas
induced-inflammation can modulate cognitive function (23, 24). However, oral health and
cognitive function are influenced by several other factors such as genetics, aging, life style, and
systemic diseases that could confound their association. Hence, the link between oral health and
cognitive function remains an area of controversy. Therefore, the objective of this review and
meta-analysis was to to systematically assess the association between oral health and cognitive
status in an adult population and synthesize prospective cohort studies on this topic.

MATERIAL & METHODS

Protocol and registration

This is a systematic review with an unpublished protocol. The PRISMA guidelines (25) were used
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for the report.

Electronic searches and eligible criteria

In order to identify the relevant studies, electronic searches were carried out via OVID in Embase
(1990 to 4 December 2014), MEDLINE (1990 to week 1, December 2014), PsycINFO (1990 to
week 1,2014), and the Cochrane Database of Systematic Reviews (1991 to 4th Quarter 2014), and
were complemented by hand searching the list of references in the identified reviews (Table 1).
Mansucripts were included in the review if they reported the results of cohort studies in individuals
aged 18 years or older and with cognitive status/impairment as outcome of interest. No language
restriction was considered. Studies were excluded if they were retrospective and if the exposures
did not include one of the oral health indicators (e.g., periodontal disease, number of teeth, use of
denture). Studies with insufficient data or those that examined primarily distinct mental health
constructs including anxiety, stress, or other outcomes of no interest to this review were also
excluded.

Search strategy

A detailed search strategy was developed for Medline via Ovid interface (Table 1) and was revised
for each of the other three databases (Appendix 1). Two researchers (DCK, RFS) independently
screened the titles and abstracts of each citation and identified eligible articles for full review.
Disagreement between reviewers was discussed and resolved by consensus. All potential relevant
studies were retained for full-text assessement (Fig. 1)

Data extraction

Data extraction was conducted independently by two reviewers (DC, MA) using a data extraction
form. In order to avoid overlapping data, all the publications related to the same study were
verified, and the most recent report was selected for outcome assessment. When necessary, an

30



email was sent to the authors of original papers to verify missing data or to ask clarification on
reported data (26-31).

Assessment of the methodological quality and grading

Included studies were reviewed and assessed by two researchers (DCK, MA) independently
according to the Strengthening the Reporting of Observational Studies in Epidemiology
(STROBE) guidelines (32). Studies were classified according to the three categories established by
Olmos et al. (33): (A) the study is in agreement with more than 80% of the STROBE criteria, (B)
50% to 80% of STROBE criteria were fulfilled, and (C) less than 50% of criteria could be
achieved.

Data analysis

Meta-analyses were conducted to combine the results of the studies with similar exposures, similar
outcome measures and with a minimum follow-up time of 12 months. Optimal dentition was
defined as having a minimum of 20 teeth (36-49). Hazard ratios (HR) and odds ratios (OR) with
95% CI were pooled as a measure of association (34, 35). The analyses were carried out using a
random effects model that accounts for inter-study variation (50).

The Cochran Q test and / *statistic were used to test heterogeneity between studies. An o error of
p<0.10 and I *of at least 50% were taken as indicators of heterogeneity. Subgroup analyses were
planned in the case of heterogeneity across studies. Funnel plots were considered for the
assessment of potential publication bias (51). All analyses were performed using Comprehensive
Meta Analysis Version 2 (Biostat, Englewood, NJ, USA).

RESULTS

Study selection

In total, 1,251 non-duplicate study reports were identified from database searches. Only 42 articles
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were eligible for full-text retrieval. Of these, 32 articles were excluded for the reasons presented in
the flow diagram (Fig 1).

Characteristics of studies

The detailed characteristics of the ten studies included in the review are shown in Tables 2 and 3.
Apart from Shimazaki et al. (48), all other studies on the relationship between oral health and
cogitive status were secondary data analyses and ad-hoc in nature with a sample ranging from 101
(31) to 11,140 individuals (52). Data were obtained from cohort or surveillance studies conducted
in the United States (27, 30, 31, 53, 54), Sweden (26), France (29), and Japan (28, 48). The latest
publication was from 2014 (26, 53), and the earliest from 2001 (48).

In four studies, the reported outcome was cognitive decline (27, 30, 48, 53), in five was dementia
(26,28,29,31,54), and one study reported both of these outcomes (52).

Cognitive decline was ascertained during follow-ups ranging from four (28) to 32 years (30). Four
studies measured and reported cognitive status at baseline and at the last follow-up (26, 28, 48, 54).
One study reported the cognitive status at each annual follow-up (31) and the other five studies
assessed this outcome every two (27,29, 52), three (30), or four years (53).

The diagnosis of cognitive decline or dementia was based on the patient’s medical record (28, 48,
54) or via clinical or standard neuropsychological examination by a neurologist, psychiatrist, or
other health professionals (26, 27, 29-31, 52, 53). Genetic predisposition to dementia (26, 31, 53)
as well as depressive symptoms (27, 29, 52) was assessed in three studies.

Oral health status or oral diseases (tooth loss, periodontal disease) was assessed by clinical
examination/full mouth radiograph in four studies (29-31, 48) and by self-administrated
questionnaires in the six other included studies (26-28, 52-54). Tooth loss was the primary oral
health indicator in all studies. Only half of the included studies assessed and reported on
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periodontal disease (29-31, 52, 53).

Quality of reports

The two reviewers were in complete agreement regarding the quality of studies reports. According
to the Olmos classification (32), three studies had a high grade quality (“A”), fulfilling more than
80% of the STROBE criteria. Seven studies had a moderate level of quality (“B”), thus achieving
50-80% of STROBE criteria (Table 4).

All studies reported the sample size of the original cohort as well as the sample size used for the
actual data analysis. However, none of the studies provided sample size estimation or power
calculation based on the study objective. Two studies reported on loss to follow-up (29, 54), and
only one study gave details on missing data (28). Most studies reported on subgroup and sensitivity
analyses (26, 28-31, 48, 52-54). In orther to reduce the risk of bias, all studies considered a number
of confounders in their statistical analyses. All studies provided information on the source of
funding, except one (27).

Periodontal disease, cognitive decline, and dementia

The five studies that examined the relation between periodontal disease and cognitive decline or
dementia (29-31, 52, 53) showed conflicting results.

Kaye et al. (30) followed 597 men over a period of 32 years and showed that progression of
alveolar bone loss or pocket depth could increase the risk of cognitive decline by 2 to 5%.
According to this study, periodontal disease progression predicted cognitive decline (for spatial
copying task: HR=1.03, CI=1.01-1.06; for MMSE score: HR=1.04, CI=1.01-1.09). However, this
association was not seen in the other four studies (29, 31, 52, 53).

Tooth loss, cognitive decline and dementia

As presented in Tables 2 and 3, according to the majority of studies (27, 28, 30, 31, 52, 54) tooth
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loss was a predictor of cognitive decline and dementia even after adjusting for several
confounders. However, the studies by Shimazaki et al. (48), Hansson et al. (26), and Naorungroj et
al. (53) did not show this association. In the study by Arrivé et al. (29), a significant interaction
(p=0.002) was found between education level and number of missing teeth. The hazard ratio for
dementia was 1.27 (95% CI: 0.70-2.31; p=0.429) in persons with more than ten missing teeth and
with higher levels of education and 0.40 (95% CI: 0.17-0.94; p=0.03) in those edentate with lower
levels of education.

Since number of tooth loss was the only variable that was measured in all studies, a meta-analysis
was conducted to pool the study results based on this indicator of oral health. As dementia was
reported as a distinct outcome in six articles, two separate analyses were conducted.

The pooled results showed that individuals with less than 20 teeth (suboptimal dentition) compared
to those with optimal dentition (=20 teeth) were at higher risk for cognitive decline (HR= 1.28,
95% CI: 1.15-1.41; Z = 4.72; p<0.0001; I’= 0%, p=0.419) (Figure 2) and dementia (HR= 1.22,
95% CI: 1.04—1.43; Z = 2.48; p=0. 013; I’= 33%, p=0.185) (Figure 3).

Publication bias

A funnel plot was not considered, because less than 10 studies were available for the meta-
analysis. In such situations, the test for asymmetry is not powerful enough to distinguish chance
from real asymmetry (55).

DISCUSSION

To our knowledge, this is the first systematic review and meta-analysis to investigate the effect of
oral health on cognitive status. The results indicate that individuals with suboptimal dentition (<20
teeth) have 28% increased risk of cognitive decline and 22% increased risk of dementia.

These results are broadly in support of previous human and animal study findings (2, 12, 13, 15,
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56) on this topic and strengthen the hypothesis that tooth loss is likely to increase the risk of
systemic disease (57-59).

Previous research suggests three plausible mechanisms that may account for the association
between tooth loss and cognitive impairment. First, tooth loss may lead to cognitive decline via
reducing the mastication-induced sensory stimulation to the brain (60-65). Our findings showed
that only one of the six studies on the association between tooth loss and dementia (29) had
opposing results to others. In that study, tooth loss was associated with a lower risk of dementia,
but only in people with low education levels. The authors of the study related this unexpected
finding to the supression of inflammation by tooth extraction. We appreciate the response of the
authors to our suggestion to send us the result of the ajusted model, considering education as an
independent varaible. These supplemental data analysis, showed that education acts as a
confounding factor for this association.

In the present meta-anlysis, a presence of at least 20 teeth was used to define optimal dentition
based on the litterature review (36-49). According to this analysis, it could be inferred that
individuals with suboptimal dentition may experience cognitive impairment later in their life.
Second, dentition status can be linked to cognitive impairment via the nutritional pathway (28, 54).
In fact, suboptimal dentition and inadequate masticatory performance have been shown to be
associated with poor nutritional intake (66, 67), one of the risk factors for cognitive
decline/dementia (7-10). However, the findings of this review did not support the role of nutrition
in the dental-cognitive status pathway. However, this could be exaplained by the use of non-
sensitive instrument for nutritional assessment. In fact, in the studies included (28-30, 52, 54) in
this review, body mass index (BMI) was used as a proxy for nutritional assessment (28-30, 52, 54).
While BMI is suggested as a tool for nutritional screening, it could not replace comprehensive
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nutritional evaluation (68, 69). Finally, it has been hypothesized that the presence of periodontal
disease may play a role in cognitive diseases (23, 24). However, this review showed conflicting
results in this regard; From a total of five studies (29, 31, 52, 53), only in one study a statistically
significant association was found between periodontal condition and cognitive status (30).
However, the wide variability in periodontal measurement methods used in the included studies
hampers data interpretation in this regard. Furthermore, the majority of reviewed studies did not
include data on inflammatory biomarkers. These type of data could be used to provide evidence on
the role of periodontal disease in cognitive impariment and thus could facilitated the interpretion
of the findings. (24).

A strength of the present review is its focus on cohort research design. Compared to retrospective
and cross-sectional studies, prospective cohort provides more reliable results, since it reduces the
risk of recall bias and measurement errors.

Nonetheless, this meta-analysis has some limitations. First, there was considerable variation in
outcome measures and how these were reported in a number of areas: type and version of
neurocognitive testing tool, time period of the follow-up, data reporting method, and severity of
cognitive decline and dementia among individuals. Based on these issues, we used a random-
effects model to account for this variability (55). Secondly, we should be cautious when
interpreting these data, considering risk of bias and methodological quality of studies included in
this review (32). For instance, the majority of the included studies did not explain how the missing
data were addressed or they didn’t provide sample size or power calculation. Finally, the small
number of included studies did not allow us to test for publication bias.

The results of our systematic review highlight the need for well-designed cohort studies to
determine the causal association between oral status and cognitive function. A fruitful area of
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research could also be to include assessments of brain processes by the use of neuro-imaging
techniques. This may help to better explain the underlying mechanism of the assocation of oral
health with cognitive function.

In conclusion, there is a need for multidisciplinary clinical care and research in the screening and
treatment of cognitive disorders.
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Table 1. Search strategy developed for Medline (via Ovid)

Search (#) Queries
1 cognition disorders/ or mild cognitive impairment/ or exp dementia/ or Cognition/
2 exp Memory/
3 cogniti* or dementia* or alzheimer* or memory or memori* or overinclusion*
4 lor2or3
5 exp denture, complete/ or exp denture, partial/
6 exp Oral Hygiene/ or exp Dental Care for Aged/ or exp Oral Health/ or exp bite
7 Periodontal Diseases/ or Tooth Loss/ or exp Periodontitis/
8 (Parodontoses or Parodontosis or Periodontitis).mp. [mp=title, abstract, original
9 (masticat* or chew* or edent® or tooth loss or tooth losses or periodont*).mp.
10 (dental or Oral Health or oral hygiene or prosthetic rehabilitation or prosthetic
11 Sor6or7or8or9orl0
12 Cohort studies/ or exp Longitudinal studies/
13 longitudinal or prospective or incidence study or incidence studies or incidence
14 12 or 13
15 4 and 11 and 14
16 Humans/
17 humans or human or woman or women or men or man or elderly or aged or
18 16 or 17
19 15 and 18
20 limit 19 to yr="1990 -Current"

47









Table 2 Characteristics of the included studies and summary of the study results on the association of dental status and cognitive decline.

Author . Age: .
Year Sample size at Mean + SD Years of Baseline %
Surve last follow-up median ’ follow-u assessment Edentate Assessemnt of dementia Independent variables Results
Y (M/F) . P of dentition status  individuals
Country (min-max)
(years)
Shimazaki et al. 0:.: mnw_ ,gm&nm_ Sooa.m, . s 156 individuals developed cognitive decline
(2001) 517 797+75 6 examination: 46.8% classification according toa  Age, physical health, type of institution No statistically significant association was found vmgmm:
J (121/396) o -Number of teeth o7 three-point likert scale (good,  and having cerebrovascular disorder Y sig !
apan X cognitive decline and dental status
-Use of denture fair or poor)
Each tooth lost per decade since the baseline dental
examination increased the risks of low MMSE score (HR=
Kave et al 597 455 mxwuh“mmﬂi. Neuropsychological testing Age, education, smoking, diabetes, _AMWMH_H uﬂ_m.wu_mlﬂ_. _omw ﬂsw%émwﬂﬁ_m“n vm “mmwﬁw‘w
Y : ’ 32 : 5% MMSE score additional comorbidities, medication use, L o e & P
(2010) (597/0) (28 -170) -Number of teeth SCT dietary intake additional tooth with progression of alveolar bone loss
USA -Periodontal y | (spatial copying: HR=1.03 CI=1.01, 1.06), probing pocket
condition depth (MMSE: HR=1.04 CI=1.01, 1.09; spatial copying:
HR=1.04 CI=1.01, 1.06).
Self-report: Age, sex and several cardiovascular 1.806 individuals developed cognitive decline
Batty et al. “report: . . disease-related risk factors 000 Incividuals deve oped cognitiy me.
2013) 11.140 (55-88) 5 -Number of teeth 21.1% Neuropsychological testing - Edentate individuals (HR=1.39 CI=1.21, 1.59) or those with
. (6.405/4.735) -Periodontal . MMSE score 2 . ? fewer teeth (HR=1.23 CI= 1.10, 1.38) had the higher risk of
20 countries o psychological/behavioural and o .
condition physiological factors) cognitive decline than others.
Reves-Ortiz et al Age, sex, education, language, last dental Individuals with the fewer teeth had the higher risk of
¥ (2013) . 1.967 Self-administered Neuropsychological testing visit, near vision impairment, developing cognitive decline than others. Longitudinal—
HISPANIC EPESE ch.: 172) =65 5 questionnaire: 43.6% MMSE score hypertension, diabetes, heart attack, mixed models showed a greater decline in total MMSE when
USA -Number of teeth Global domains stroke, depressive symptoms and ADL. compared to those with more teeth (13-32) of 0.12 fewer
points each year (SE + 0.05, p <0.01).
Clinical q . .
R e examination: Age, sex, education, apolipoprotein 4
(2014) 911 647 +43 8 Number 694: 13.8% Neuropsychological testing  allele, race, income, cardiovascular risk ~ No statistically significant association was found between
USA (352/559) : : Periodontal o7 DWR, DSS, WF factors, stroke and coronary heart cognitive decline and dental status.
B o disease.
condition

ADL=Activities of Daily Living; BMI=Body Mass Index; CI=95% Confidence interval; DSM IV=Diagnostic and Statistical Manual of Mental Disorders, Forth Edition; DSS=Digit Symbol Substitution; DWR=Delayed Word Recall;

HR=Hazard ratio; M/F=Male/Female; MMSE=Mini Mental State Examination; SCT=Spatial Copying Task; WF=Word Fluency
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Table 3 Characteristics of the included studies and summary of the study results on the association of dental status and dementia.

Author Sample size at Age: Baseline
Year P Mean + SD, Years of % o . 3 o .
last follow-up . assessment P A of ia Indep variables Results
Survey median follow-up e Edentate individuals
(M/F) . of dentition status
Country (min-max)
(years)
Patients
Stein et al Dental/medical
2007) 101 84 records: Neuropsychological testing A, @itetamand 32 individuals developed aw_.:o::w. Individuals MS:_
Nun Study /101 (75— 98) 10 -Number of teeth NA MMSE score emsltEaatisn Al the fewer teeth had the higher risk of developing
USA -Use of dentures ADL, DWR, DSS, WF : dementia than others (HR=2.20, CI=1.1,4.5).
-Periodontal
condition
72 individuals developed dementia. Individuals
Arrivé et al. O:.:_om_ Sex, BMI, alcohol intake, 2:: _odéww education ,m:a fewer 6@? had statically
(2011) 405 70 examination: Neuropsychological testing diabetes, depressive symptoms significant lower risk of dementia (HR=0.30,
15 -Number of teeth NA > ? ’ CI=0.11,0.79). However, when adjusted for the
PAQUID (184/221) (66 — 80) . DSM-III R hypertension, and history of . . . A
-Periodontal . education (combined high education and low
France o vascular disease. . . L
condition education categories) the association became non
significant.
Age, education, smoking,
A ree SAIE] wzﬂ, w_m oro_\owﬁﬂso ::&8. 1.145 individuals developed dementia. Men with
Paganini-Hill et al. .. . . medication use, diabetes, high :
Self-administered Neuropsychological testing . fewer teeth and those without dentures had the
(2012) 5468 81 . X blood pressure, angina . . .
q 18 questionnaire: 11% MMSE score b higher risk of dementia (HR=1.91 CI=1.13,3.21)
Leisure World (1.733/3.735) (52 -105) . . pectoris, heart attack, stroke, X L L
-Number of teeth Patients medical records . o than others. This association was not statistically
Cohort USA rheumatoid arthritis, cancer, . .
-Use of dentures . significant in women.
head trauma, and family
history of dementia.
. Validated multi-dimensional . S . ..
‘Yamamoto et al. Self-administered dementia-assessemnt Age, household income, BMI, 220 individuals developed dementia. Individuals
(2012) 4425 questionnaire: :omnossw:m (devolped b presence of illness, alcohol with the fewest teeth without dentures had the
AGES o 727+ 59 4 -Number of teeth 53.2% que pec by intake, exercise and highest risk of dementia (HR=1.85 CI=1.04, 3.31).
(2.159/2.266) Ministry of Health, Labor and
Japan -Use of dentures . forgetfulness.
Welfare in Japan)
Batty et al. .. . . 109 individuals developed dementia.
@it S Nemddosleing | A el o B indviduls (014 28179 o
ADVANCE (6.405/4.735) g ’ S X those with fewer teeth (HR=1.24 CI=1.05, 1.46) had
5 -Number of teeth DSM-IV risk factors. 5 5 .
20 countries the higher risk of dementia than others.
Hansson et al. (2014) mn_m.ma.BE_m.ﬁba . . . 403 individuals developed dementia.
2.075 questionnaire: Neuropsychological testing Age, sex, education and L L o
Betula 712+82 20 25.3% ; X No statistically significant association was found
(917/1158) -Number of teeth DSM-1V apolipoprotein €4 allele. R
Sweden between dementia and dental status.

-Use of dentures

ADL=Activities of Daily Living; BMI=Body Mass Index; CI=95% Confidence interval; DSM IV=Diagnostic and Statistical Manual of Mental Disorders, Forth Edition; DSS=Digit Symbol Substitution; DWR=Delayed Word Recall;

HR=Hazard ratio; M/F=Male/Female; MMSE=Mini Mental State Examination; SCT=Spatial Copying Task; WF=Word Fluency
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Table 4. Classification of studies according to the Strengthening the
Reporting of Observational Studies in Epidemiology statement.

Study Fulfilled Level
STROBE criteria (%) of quality

Shimazaky et al., 2001 68.2 B
Stein et al., 2007 77.3 B
Kaye et al., 2010 77.3 B
Arrivé et al., 2011 90.9 A
Paganini Hill et al., 2012 81.8 A
Yamamoto et al., 2012 86.4 A
Batty et al., 2013 727

Reyes-Ortiz et al., 2013 59.1 B
Hanssom et al., 2014 50.0 B
Naorungroj et al., 2014 77.3 B

(A) the study is in agreement with more than 80% of the STROBE criteria,
(B) 50% to 80% of STROBE criteria were fulfilled, and (C) less than 50%
of criteria could be achieved.



1.241 non duplicate
citations identified

1199 abstracts excluded due
failure to meet inclusion criteria

42 potentially eligible
publications identified

32 Publications excluded:

not meeting the inclusion criteria

no longitudinal prospective approach
outcomes of no interest overview

Systematic review
10 publications identified

2 studies were included in qualitative
synthesis only, because it was not
possible to combine the oral health and
outcomes categories with the others
studies

Meta-analysis
8 publications included in meta-
analysis (1 publication with two
outcomes of interest)

6 cohort studies included in 3 cohort studies included in
meta-analysis regarding meta-analysis regarding
dementia cognitive impairment

Figure 1: Flow chart of publication assessment and selection for inclusion in the systematic
review and for meta-analysis.
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Study Hazard ratio  Lower Limit Upper Limit Z-value P-value Hazard ratio and 95% CI

Batty et al., 2013 131 1.53 1.48 419 .000 +
Ortiz-Réyes et al., 2013 1.20 1.01 1.42 203  .042
Shimazaki et al., 2001 2.06 0.82 5.15 154 124
Overall 1.28 1.15 141 472 <001 ’
0.01 0.1 1 10 100
Optimal Dentition Suboptimal Dentition
(220 teeth) (<20 teeth)

Heterogeneity: Tau’=0.000, Q=1.74, df=2, p=0.42, ’=0.000

Figure 2. Forest plot showing the association of dentition status with the risk of cognitive

decline.
Study Hazard ratio Lower Limit Upper Limit Z-value P-value Hazard ratio and 95% CI
Amivé etal., 2011 0.99 0.61 1.63 002 987 —
Batty et al., 2013 1.36 1.14 161 344 001 +
Hansson et al., 2014 0.99 0.75 1.30 007 943 -T
Paganini-Hill et al., 2012 1.16 093 1.44 130 195 t+
Stein et al., 2007 2.20 1.09 445 219 028 o
Yamamoto et al, 2012 1.42 0.86 234 138 169 -+
Overall 1.22 1.04 1.43 249 013 l‘
0.01 0.10 1 10 100
Optimal Dentition Suboptimal Dentition
(220 teeth) (<20 teeth)

Heterogeneity: Tau’=0.012, Q=7.52, df=5, p=0.185,1°=33.49

Figure 3. Forest plot showing the association of dentition status with the risk of dementia.
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Supplementary information

Database(s): Ovid MEDLINE(R) In-Process & Other Non-Indexed Citations and Ovid
MEDLINE(R) 1946 to Present

#  Searches Results

1 cognitive defect/ or alzheimer disease/ or dementia/ or memory/ or Memory 358830

2 (cogniti* or dementia* or amentia* or alzheimer* or memory or 736269

3 lor2 742684

4  dental health/ or dentistry/ or mastication/ or periodontal disease/ or 191295

5 (masticat* or chew* or edent* or teeth or tooth loss or tooth losses or 183125

6  (dental or Oral Health or oral hygiene or prosthetic rehabilitation or 582495

7 4orSor6 700268

8  longitudinal study/ or Cohort analysis/ or prospective study/ or followup/ 1139751
9  (longitudinal or prospective or incidence study or incidence studies or 2043178
10 8or9 2043178
11 3and7and 10 936

12 Humans/ 15127509
13 (humans or human or woman or women or men or man or elderly or aged or 17525396
14 12o0r13 17525396
15 11and 14 905

16 limit 15 to yr="1990 -Current" 881

17  limit 16 to embase 692

Database(s): Embase 1974 to 2014 December 04

# Searches Results

1 cognitive defect/ or alzheimer disease/ or dementia/ or memory/ or 358830
2 (cogniti* or dementia* or amentia* or alzheimer* or memory or 736269

3 lor2 742684

4 dental health/ or dentistry/ or mastication/ or periodontal disease/ or 191295

5 (masticat* or chew* or edent* or teeth or tooth loss or tooth losses or 183125

6 (dental or Oral Health or oral hygiene or prosthetic rehabilitation or 582495

7 4orS5or6 700268

8 longitudinal study/ or Cohort analysis/ or prospective study/ or followup/ 1139751
9 (longitudinal or prospective or incidence study or incidence studies or 2043178
10 8or9 2043178
11 3 and 7 and 10 936

12 Humans/ 15127509
13 (humans or human or woman or women or men or man or elderly or 17525396
14 12 0r 13 17525396
15 11 and 14 905

16 limit 15 to yr="1990 -Current" 881

17 limit 16 to embase 692
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Database(s): PsycINFO 1806 to December Week 1 2014

# Searches Results
1 cognition/ or cognitive assessment/ or cognitive impairment/ or exp 144019
2 (cogniti* or dementia* or amentia* or alzheimer* or memory or 575088
3 lor2 575447
4 exp oral health/ or dentistry/ or chewing/ 1361

5 (masticat® or chew* or edent* or teeth or tooth loss or tooth losses or 4176

6 (dental or Oral Health or oral hygiene or prosthetic rehabilitation or 9163

7 4or5or6 12557
8 exp longitudinal studies/ or Cohort analysis/ or Followup Studies/ 28552
9 (longitudinal or prospective or incidence study or incidence studies or 218385
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3.2 Manuscrito II

Cognitive status of edentate elders wearing complete denture: Does quality of denture
matter?”

Daiane Cerutti-Kopplin, Elham Emami, Juliana Balbinot Hilgert, Fernando Neves Hugo,
Dalva Maria Pereira Padilha

ABSTRACT

Background: Emerging evidence suggests that an individual’s level of mastication may play
a role in their cognitive status. This suggests that in edentate individuals wearing complete
denture, non-optimal mastication via inadequate denture could be related to cognitive status.
Objectives: To examine the impact of quality of denture on cognitive status of a sample of
elderly edentate Brazilian individuals wearing complete denture.

Methods: This study is a cross-sectional analysis of data collected from 117 edentate elders
(mean age 73.7 + 5.6 years) wearing complete denture, in southern Brazil. Cognitive
impairment was assessed using the Brazilian version of the Mini-Mental State Examination
(MMSE). Clinical examination was conducted to evaluate the quality of dentures by use of
the FAD (Functional Assessment of Dentures) instrument. Masticatory ability was assessed
by self-reported questions.

Results: The mean MMSE score for the total sample was 23.1 (SD=4.4) and was associated
with age (p=0.001), education (p<0.0001), depressive symptoms (p=0.003), as well as the
masticatory ability (p=0.001) and functional quality of dentures (p<0.0001). Unsatisfactory
masticatory ability was more frequent in edentate individuals with lower FAD score
(p<0.0001) and led to a lower MMSE total score. Unsatisfactory masticatory ability was
associated with MMSE scores (p=0.002) after adjustment.

Conclusion: The study results support the potential role of optimal functional quality of

dentures in maintaining cognitive activity in elders. This association may be explained via
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mastication pathway.

Clinical Significance: The potential beneficial effect of functional dentures on cognitive
status via mastication could encourage preventive strategies to decrease substantial risk of
morbidity in elders.

INTRODUCTION

Cognitive impairment is among the major public health concerns as a result of global
increased life expectancy, and population aging (1). Elders with this cognitive disorder suffer
from memory loss, judgment impairment, and abnormal behavior (2, 3), and are at risk for
developing dementia, especially Alzheimer’s disease (4). The risk factors for cognitive
impairment can be divided into two major categories: non-modifiable (e.g., age, sex, genetic
factors, etc.) and modifiable (e.g., hypertension, diabetes, dietary habits, physical activity,
cognitive activity) (5-7) risk factors. Despite extensive research, no definitive curative
approach exists for this cognitive deficit (3).

Preventive interventions may potentially delay the onset of cognitive impairment among the
elderly and thereby decrease the associated public health burden (5, 8). Poor oral health and
non-optimal mastication have been introduced as potential modifiable risk factors for
cognitive impairment (9-14). In fact, the regular sensory stimulation in the course of
mastication increases the cerebral blood flow and the number of pyramidal cells in the
hippocampus (15-20). This region of the brain is important for the formation and retrieval of
episodic memory in humans (21, 22). Insufficient mastication capacity and lack of afferent
stimulation by masticatory receptors may negatively impact the neurotransmitter function,
and may lead to a decrease in amount of acetylcholine, which is responsible for the
stimulation of electrical flow between the neurons (9, 10).

Longitudinal cohort studies have linked poor oral health and cognitive impairment such as

dementia and Alzheimer’s disease (13, 23-25). Accordingly, an association between tooth
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number and cognitive status has been reported (11, 13, 14, 23-26). Furthermore, a number of
case-series suggest that restoration of tooth loss and masticatory function by adequate
prosthesis can lead to an improvement in functional brain activity (17, 20, 27). However, to
our knowledge there is no solid evidence on the role of functional quality of denture in the
cognitive status of edentate elders. Therefore, the objective of the present study was to test the
hypothesis that quality of denture, via the mastication pathway, will influence the cognitive
status in edentate elders.

METHODS

Study design and participants

This manuscript reports the results of cross-sectional analysis of selected data collected at the
second follow-up of an ongoing cohort study on the association of oral health, nutritional
status, and quality of life of community-dwelling elders in the city of Carlos Barbosa,
Southern Brazil (28, 29). Participants were randomly selected from the municipality register
of persons aged 60 years or over. The cohort has been followed since 2004 and the second
follow-up included data of 389 (213 edentate) participants, evaluated between March and
December of 2012. The participants were invited by telephone call or were visited in person
when a telephone number was not available. The final sample for this cross-sectional study
consists of 117 edentate individuals wearing maxillary and mandibular complete dentures,
who have undergone both Functional Assessment of Dentures (FAD) (30) and Mini-Mental
State Examination (MMSE) (31). The State University of Campinas Institutional Review
Board approved the study protocol. All study participants gave written informed consent
before the study.

Assessment of cognitive status, quality of denture, and masticatory ability

Cognitive status was assessed with the Brazilian version of the Mini-Mental State

Examination (MMSE), with higher scores indicating better cognitive status (32). A trained
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and calibrated dentist assessed the functional quality of denture as well the history of
complete tooth loss for completely edentate elders. The quality of dentures was clinically
examined by use of the FAD (Functional Assessment of Dentures) validated instrument (30).
The FAD measure has nine items, which allow the evaluation of the freeway space, occlusion,
retention, and stability of dentures. The total range of the scale is 0-9 points, with higher
scores indicating better functional quality. Furthermore, masticatory ability was self-assessed
by the use of a composite measure (changes in dietary intake, avoiding hard-to-chew foods,
and chewing only soft foods because of difficult chewing) (33, 34).

Assessment of co-variates

Information on socio-demographic characteristics (age, sex, years of education, income),
lifestyle factors (physical and mental activity, alcohol use, and smoking status), and medical
history (diabetes, hypertension, heart disease) was obtained using self-administered
questionnaires (28). The Geriatric Depression Scale (GDS) (35) and the short-form Mini
Nutritional Assessment (MNA) (36) were used for screening depressive symptoms and
nutritional status, respectively.

Statistical analysis

In order to obtain frequency counts, percentages, and means, and to test for normality, the
data were subjected to descriptive statistical tests. Independent t-test, one-way ANOVA, and
Pearson correlation were used to test group-differences and the association between the
independent variables and cognitive status. The total 9-item FAD score was calculated in
continuous format and was included in the bivariate analyses. Masticatory ability was
considered as unsatisfactory if 2 of the 3 items of the composite variable were confirmatory.
Linear regression models were used to examine the effect of explanatory variables on
cognitive status after adjusting for statistically significant confounders. Independent variables

with results p<0.05 from univariate analyses were incorporated into the regression analyses.
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Collinearity between the variables was verified and goodness of fit was ensured. The level of
statistical significance was set at p<0.05. The analyses were carried out using the SPSS
package for statistical analysis (version 20 SPSS Inc., Chicago, IL, USA).

RESULTS

The sample was comprised of 92 (78.6%) women and 25 (21.4%) men. The mean age of the
sample population was 73.7 (SD 5.6) years, with a median of 73 years. Among the
individuals, 77.8% reported elementary school as the highest level of education, 60.7% lived
in an urban area, most of them were married (70.1%), and 60.7% had a monthly income of
less than two times the Brazilian minimum wage (+ 540 USD).

The total FAD mean score was 5.7 + 2.1, and according to this clinical measure the majority
of elders (80%) had adequate maxillary denture, however 67.5% of participants had non-
retentive and non-stable mandibular dentures. Unsatisfactory masticatory ability was more
frequent in completely edentate individuals with lower FAD total score (p<0.001) and led to a
lower MMSE total score. Figure 1 shows a different linear relationship between MMSE total
score and FAD total score across the groups based on satisfactory or unsatisfactory
masticatory ability, indicating an interaction between FAD total score and masticatory ability.
The mean of MMSE score in the total sample was 23.1 (SD=4.4) and was associated with age
(p=0.001), education (p<0.0001), and depressive symptoms (p=0.003), as well as perceived
masticatory disability (p=0.001) and functional quality of dentures (p<0.0001). Table 2 shows
the final model of the regression analyses on the risk factors of cognitive status in this group.
According to this model, perceived masticatory disability was associated with cognitive status
(p=0.002) after adjusting for significant risk factors including age, years of education, and

depression. The final model predicted about 25% of the variation of the MMSE score
(R2:0.246). Masticatory disability contributed to about six percent changes in MMSE score

(AR%=0.063, p=0.002).
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DISCUSSION

This study was performed to test the hypothesis that cognitive status is influenced by the
quality of dentures via masticatory ability. In line with our hypothesis, the results suggested
that the cognitive status of elders might be influenced by the quality of their dentures. The
mechanism that may explain such an association is the masticatory pathway, as suggested by
previous animal studies (15, 16, 38) showing that impaired masticatory function leads to the
impairment of learning and spatial memory. Interestingly, these studies were able to show a
temporal and dose-response association, which supports a causal relationship (38).

Our study results are in line with the results of case-series (17, 20, 27), cross-sectional (33),
and longitudinal cohort studies (13, 23, 25), indicating that the quality of dentures (17, 20,
27), masticatory disability (33), and use of dentures (13, 23, 25) can be considered as an early
marker of physical and cognitive status of elders in different populations. These studies
included samples of elders from the United States (13, 23), Sweden (33), and Japan (25), with
follow-up periods from 4 (25) to 18 years (13). However, similar to other studies, the oral
health variable only explained a relatively small percentage of decline in cognitive status after
adjusting for covariates such as socio-demographics, depressive symptoms, and health
behaviors.

According to the literature, the association of oral health and cognitive status could be
bidirectional and different pathways can be used to explain this link (9, 10). These include
systemic inflammation caused by periodontal disease; masticatory deficiency due to tooth
loss, and nutritional pathway (9, 10). On the other hand, individuals with cognitive
impairment tend to have poorer oral hygiene than healthy patients, which can increase the risk
of oral diseases in this population.

In a recent study done by Peres et al. (39), edentate Brazilians were 3.3 times more likely to

be at risk for severe cognitive impairments than those having 10 or more teeth. Similarly,
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Tsakos et al. (26) used a generalized equations model and showed that tooth loss was
independently associated with cognitive decline in a cohort of English community-dwelling
individuals aged 50 and older who were followed for 10 years. Yamamoto et al. (25) followed
a cohort of 4,425 elderly Japanese individuals for four years and showed that having few teeth
without any denture was associated with higher risk of dementia after adjusting for potential
confounders.

According to Ono et al. (9), although in edentate individuals there is no sensory input from
teeth and the periodontal ligaments, masticatory sensory stimulus can be transmitted from the
masticatory muscles, temporomandibular joint, and mucous membrane to the hippocampus
and via the trigeminal nerve. However, it should be noted that elders with cognitive
impairment could have decreased masticatory capacity because of age-related atrophy of
mastication muscles, or other pathways such as reduced ability to chew food, sensory
feedback via gingival tissues in the absence of periodontal receptors, and associated reduced
force production (40). Thus functional quality of dentures appeared to be an important factor
in helping to preserve bone and muscle tissue. If this is the case, having dentures might
represent an advantage. The problem is that not all dentures are properly fitted, and many
people do not replace them over time, experiencing masticatory disability. Within this cross-
sectional study those who wore adequate dentures had masticatory ability and were less likely
to present cognitive decline.

Furthermore, the trigeminal nerve stimulus is increased when an individual with adequate
denture chews well (17, 20, 27). In fact, the sensory information that is sent through
mastication to the brain can maintain the learning and memory function of the brain (9).
Therefore, we can deduce that quality of denture can play a role in maintaining cognitive
status by providing better mastication and mucous membrane stimulus (9). However, in none

of the previous community-based studies was the quality of denture assessed. To our
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knowledge, our study is the first that aimed to take into account the role of adequate denture
in the assessment of cognitive status in edentate elders by clinical examination and the use of
a validated measurement tool. Previous studies reported that the association between tooth
loss and cognitive impairment or dementia was stronger in people who didn’t use dentures
(13,25).

The bivariate analyses of the present study confirmed these results since masticatory disability
occurred mostly in edentate individuals with lower functional denture quality, who
subsequently had lower scores in cognitive status. Such results show that the masticatory
pathway mediates the association between oral health and cognitive status, and it has
therefore been used in the regression model among potential predictors.

The present study has several potential limitations. First, the study design was cross-sectional,
so caution must be used in the interpretation of the observed associations. However, there is
emerging evidence from large-cohort longitudinal studies regarding the role of oral health in
cognitive status, which may help to elucidate the mechanism (11, 13, 14, 23-25). Secondly,
cognitive status and mastication performance were ascertained by use of self-reported
measures. Thirdly, even though depressive symptoms, age, and education were added to the
multivariate model in order to account for their potential as confounders, we were not able to
take into account several residual confounders, such as genetic and vascular risk factors.
Moreover, we do not to assume that the analyses, even adjusted for confounders, establish the
‘causal part’ of the association between masticatory ability and cognitive function. Long-term
cohort studies that integrate epidemiological and clinical data with neuropathological and
neuroimaging information are needed to better understand the underlying mechanisms that
link both oral status and mastication performance to neurodegeneration.

Cognitive impairment is a major public health issue, and the development of preventive

strategies is needed to decrease substantial risk of morbidity in elders.
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CONCLUSION

These results suggest that cognitive status may be influenced by functional denture quality via
the mastication pathway. There is a need for large-scale cohort studies with comprehensive
assessments of oral health status, masticatory function, and cognitive activity with both
objective and subjective measurement tools.
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Table 1. Bivariate analyses: Association between Mini-Mental State Examination
(MMSE) score and sample characteristics (N=117).

Variables Mean (SD) r *p value

Age 73.70 (5.55) -0.297 0.001

Years of complete tooth loss 3593 (11.65) 0.022 0.811
n (%) MMSE Mean (SD) *¥p value

Sex

Male 25(214) 23.80 (5.48) 0.396

Female 92 (78.6) 22.96 (4.05)

Education

< Elementary school 91 (77.8) 22.45 (4.38) <0.0001

> Elementary school 26 (22.2) 25.54 (1.97)

Income

<2 Brazilian minimum wage 71 (60.7) 22.80 (4.70) 0.308

>2 Brazilian minimum wage 46 (38.3) 23.65 (3.84)

Marital Status

Married/stable 82 (70.1) 2332 (4.41) 0.498

Single 35(39.9) 22.71 (4.36)

Place of residence

Rural 47 (40.2) 23.13 (4.14) 0.985

Urban 70 (59.8) 23.14 (4.57)

Depressive symptoms

No 99 (94.6) 23.64 (3.99) 0.003

Yes 18 (15.4) 20.39 (541)

Diabetes

No 94 (80.3) 23.31 (4.35) 0.236

Yes 21 (19.7) 22.05 (4.54)

Hypertension

No 33(282) 24.15 (3.79) 0.117

Yes 84 (71.8) 22.74 (4.55)

Heart disease

No 90 (76.9) 23.44 (4.10) 0.166

Yes 27 (23.1) 22.11 (5.17)

Nutrition status

Normal 84 (71.8) 23.07 (4.53) 0.791

At risk of malnutrition 33(27.3) 23.31 (4.03)

Medication intake

<3 per day 42 (35.9) 24.00 (3.52) 0.111

>3per day 75 (64.1) 22.65 (4.75)

Smoking status

Never 98 (83.8) 23.04 (4.30) 0.494

Current 8 (6.8) 22.38 (7.05)

Former 11 (94) 24.55 (2.38)

Alcohol consumer

No 82 (70.1) 22.95 (4.13) 0.486

Yes 35(29.9) 23.57 (4.96)

Mental activity

Yes 89 (76.1) 23.40 (4.21) 0.240

No 28 (23.9) 22.29 (4.86)

Physical activity

Yes 59 (50.4) 23.69 (3.99) 0.165

No 58 (49.6) 22.57 (4.72)

Masticatory ability

Satisfactory 85 (72.6) 23.98 (3.88) 0.001

Unsatisfactory 32 (274) 20.91 (4.90)

Functional Assessment of Dentures

>6 62 (53.0) 24.7(3.2) <0.0001

<6 55 (47.0) 21.4(4.9)

*Pearson correlation **t-test



Table 2. Multivariate analyses: Association between Mini-Mental State Examination
(MMSE) score, age, education, depressive symptoms, and masticatory ability with linear

regression (N=117).

Depe.ndent Indel?endent B SEB 95.0% CI for Beta  p-value
variable variables B
(Constant) 38855 4714 29.521t048.20 <0.0001
Age -0.174 0.065 -032to-0.05 -0.220 0.008
Score < Elementary school -2329 086  -403t0-0.63 -0.222 0.008
MMSE ) )
With depressive 5778 0978  4.72t0-084 -0230  0.005
symptoms
Unsatisfactory ) 75 (798 40610090 -0253 0002

masticatory ability

Note: Last step - Adjusted R2= 0.151 (p< .0001) for step 1 (contains age and education).
AR2=5.8% (p=0.001) for step 2 (added depressive symptoms). AR2 = 6.3% (p=.002) for step

3 (added mastication disability).

69



Masticatory Disability: Yes

30— R, Linear =
o 0.317
o
] (o}
n o
® 25 o o ) 0
] o o o (o}
= o) o
g o
= y=13.99+1.57*x
® 20 (o] O [e]
£ Q (o]
5 o o o
> (o]
w
9 154
o]
R
) (o}
= o (o}
R
o

10
=
£
= o

5

T T T T T 1 T T T T
0 1 2 3 4 5 6 7 8 9

Functional Assessment of Denture Total Score

Masticatory Disability: No

254

207

104

Mini Mental State Examination Total Score

R, Linear = 0.216
o

(o] o (o]
] o] o]
o] ] o] o)
o o o (o] O [o]
o] o (o] o Q (o]
o ] (o] o]
o o
o]
o (o] (o}
[e] [¢] (o]
o [e] o o]
o
o]
o]
o]
T T T T T T T T T T
0 1 2 3 4 5 6 7 8 9

Functional Assessment of Denture Total Score

Figure 1. Scatter plots of mini mental total score and functional assessment of denture total

score for individuals without masticatory disability and with masticatory disability.
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4 CONSIDERACOES FINAIS:

Prevencdo € a chave de todas as politicas relacionadas com a satide publica. O
crescimento da incidéncia e prevaléncia da deméncia ocorrido nos tltimos anos e sua escala
epidémica prospectada para o futuro imediato € um alerta para a importancia da sua
prevencdo. Estudos que elucidem os mecanismos causais que levam a essa condi¢do sdo de
fundamental importancia para alcangcar métodos curativos e estratégias de prevencio eficazes.

A identificagdo e modulacdo dos fatores potencialmente modificaveis antes do inicio
(prevengdo primdria) ou durante o curso da doenca (prevengdo secunddria) tem sido objeto de
atencdo entre os profissionais da saide. Neste cendrio, estudos que indicam a associagdo entre
saude bucal e funcdo cognitiva vém sendo desenvolvidos nas tltimas duas décadas.

Cognigao e saide bucal podem estar relacionados de maneira complexa e bidirecional.
O comprometimento da saide bucal pode ser um "fator de risco para" e, a0 mesmo tempo,
uma "consequéncia de" processos neurodegenerativos. Além disso, o estado dental pode ser
um marcador de fatores subjacentes comuns, como idade ou baixo nivel socioeconémico.

A literatura discutida na fundamentagéo tedrica desta tese e na meta-andlise de estudos
de coorte prospectivos sugere uma relagdo entre satide bucal/mastigacdo e cognicdo. Os
resultados da andlise transversal realizada para a presente tese concordam com esses achados,
sendo que a correlacdo entre a qualidade funcional da proétese, via habilidade mastigatdria, e
cognicdo global foi encontrada e mantida significativa, mesmo apds o ajuste do modelo
estatistico para confundidores importantes como sexo, idade, educagcdo e sintomas
depressivos. Esta associacdo foi subjetivamente e objetivamente estudada pela primeira vez
em um estudo epidemioldgico na presente tese, contribuindo com achados de pesquisas
experimentais (68-70). Nestes estudos, individuos idosos usudrios de protese total ajustadas,
que mastigam confortavelmente, apresentam um maior impulso sensorial de

mecanoreceptores provenientes dos musculos mastigatérios, inervacdo da articulacdo
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temporo-mandibular e mucosa bucal em direcdo a regides especificas do sistema nervoso
central. Nesta perspectiva, seria interessante avaliar o efeito cronico de reabilitacdes protéticas
na func¢@o cognitiva de individuos idosos edentados, através de estudos longitudinais.

Um aspecto limitante do presente estudo foi a sua natureza transversal, a qual ndo
permite que processos causais sejam testados. Todavia, alguns critérios que reforcam uma
relacdo causal, como consisténcia, temporalidade, gradiente bioldgico, controle de fatores
confundidores e sentido epidemioldgico, puderam ser testados em estudos experimentais e

longitudinais discutidos na presente tese.

Os estudos experimentais em modelo animal, por exemplo, substanciaram a hipétese
de uma relacdo causal entre mastigacdo e fun¢do cognitiva, sendo que a mastigacao
comprometida promoveu danos fisicos e comportamentais a cognicdo, os quais foram
agravados quando a hipofuncdo mastigatéria manteve-se por um periodo de tempo maior, e
diminuiu quando a funcdo mastigatéria foi restaurada. Os estudos experimentais em humanos
sugerem um aumento do desempenho cognitivo, como resultado da mastigacao, e a literatura
que aborda as respostas fisicas a hipofung¢do parece ser consistente e preencher os outros
critérios para causalidade, como temporalidade e gradiente dose-resposta. Porém, ao contrério
dos estudos experimentais, estudos observacionais, especialmente aqueles com desenho
transversal, como € o caso do estudo desenvolvido para esta tese, ndao podem atender a esses
critérios facilmente, mas, ainda assim, trazem uma relacéo entre a mastigacdo e cognicdo em
estudos populacionais. No entanto, os resultados da meta-andlise de estudos longitudinais
prospectivos, parte desta tese, ratificam a relacdo de longo prazo que individuos com um
menor nimero de dentes (<20) tém um risco maior de desenvolver declinio cognitivo e
deméncia. Na maioria dos estudos, fatores como escolaridade, idade, sexo e estado nutricional
ndo explicaram a associa¢do do nimero de dentes com os desfechos de estado cognitivo.

Contudo, os dados disponiveis ainda sdo insuficientes para determinar o papel da mastigacdo
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no declinio cognitivo e na deméncia.

Portanto, com base nas evidéncias epidemioldgicas, a causalidade da associa¢io
independente entre essas duas condi¢des permanece obscura. Uma possivel transposi¢do de
resultados alcancados em estudos experimentais em modelo animal para seres humanos deve
ser cautelosa, porém, ndo descartada, sendo necessdrios mais estudos para se chegar a afirmar,
definitivamente, a relag¢do entre fungdes mastigatdrias e cognitivas em humanos.

Apesar disso, provas insuficientes ndao devem impedir que seja feita uma
recomendacdo firme a favor da manutencdo da saide bucal, enfatizando que, além dos
proventos bdsicos da fungdo mastigatéria, a sua manutencdo pode ser um aliado contra o
desenvolvimento de declinio cognitivo e deméncia.

Por considerarmos que a deméncia na terceira idade ndo ¢ um destino, e por
desconhecermos ainda aspectos fundamentais dessa doenga, postulamos, como profissionais

da sadde, que nao hd justificativa para a atitude de “nada existe para fazer ".
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6 ANEXOS

6.1 Parecer do Comité de Etica

COMITE DE ETICA EM PESQUISA
FACULDADE DE ODONTOLOGIA DE PIRACICABA
UNIVERSIDADE ESTADUAL DE CAMPINAS

CERTIFICADO

O Comité de Etica em Pesquisa da FOP-UNICAMP certifica que o projeto de pesquisa "Fatores de
risco para a saude bucal em idosos independentes, com énfase no estado nutricional e na
fragilidade: Estudo de coorte de base populacional", protocolo n° 017/2011, dos pesquisadores
Luisa Helena do Nascimento Torres, Fernando Neves Hugo e Maria da Luz Rosario de Sousa,
satisfaz as exigéncias do Conselho Nacional de Saude - Ministério da Saude para as pesquisas em
seres humanos e foi aprovado por este comité em 10/01/2013.

The Ethics Committee in Research of the School of Dentistry of Piracicaba - State University of
Campinas, certify that the project "Risk factors for oral health among independently living older
adults with emphasis on the nutritional status and frailty: A population-based cohort study”,
register number 017/2011, of Luisa Helena do Nascimento Térres, Fernando Neves Hugo and Maria
da Luz Rosario de Sousa, comply with the recommendations of the National Health Council - Ministry
of Health of Brazil for research in human subjects and therefore was approved by this committee at
01/10/2013.

& 7, UL /{ | “"' A % ,. 1
Profa. Dra. Livia Maria Andalé Tenuta
Secretaria

20

CEP/FOP/UNICAMP
Prof. Dr. Jacks Jorge Junior

Coordenador
CEP/FOP/UNICAMP
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6.2 Termo de consentimento livre e esclarecido

G

C
UFRGS AV,
UNIVERSIDADE FEDERAL v"
DO RIO GRANDE DO SUL ()

Termo de Consentimento Livre e Esclarecidounicame

Titulo do projeto de pesquisa: “Fatores de risco para a saiide bucal em idosos
independentes, com énfase no estado nutricional e na fragilidade: estudo de coorte de base
populacional”.

A Faculdade de Odontologia de Piracicaba estd convidando vocé a participar de uma pesquisa
intitulada: “Fatores de risco para a saide bucal em idosos independentes, com énfase no
estado nutricional e na fragilidade: estudo de coorte de base populacional” sob
responsabilidade da Prof* Maria da Luz Rosdrio de Sousa, Luisa Helena do Nascimento
Torres e Prof. Fernando Neves Hugo. Para tanto, solicitamos sua colaboracdo, aceitando
participar desta pesquisa que serd desenvolvida junto aos Encontros dos Grupos de
Convivéncia para Terceira Idade de Carlos Barbosa, RS, e, eventualmente, em alguma
Unidade Bésica de Saidde do municipio. Este termo pode ser apresentado pelo préprio
cirurgido-dentista que realizard o exame bucal ou por um entrevistador.

No Brasil, de acordo com a literatura, este € um dos poucos trabalhos de que temos
conhecimento que estuda a satide bucal dos idosos de uma coorte e seus fatores associados.
Nesse contexto, estudos longitudinais s@o importantes para a identificacdo de indicadores
ligados aos problemas prevalentes na populacdo idosa, como a perda dentdria, e contribuem
de maneira significativa para um conhecimento mais abrangente das particularidades deste
grupo etdrio que se encontra em crescimento e que requer cuidados direcionados as
peculiaridades oriundas do préprio processo de envelhecimento. Os objetivos da pesquisa
incluem avaliar determinantes de agravos a sadde bucal em uma coorte de idosos
independentes residentes em Carlos Barbosa, RS, verificar a incidéncia de perda dentaria
entre idosos residentes em Carlos Barbosa, RS, durante periodo de oito anos e avaliar fatores
de risco, com énfase ao estado nutricional (IMC) e fragilidade, para a perda dentéria entre
idosos residentes em Carlos Barbosa, RS, durante periodo de oito anos. Serd realizado um
exame da sua boca e serdo verificadas suas medidas de peso, altura, velocidade para
caminhar, forca na mao e serdo feitas algumas perguntas sobre a saide do seu corpo e boca.
Sera utilizado um questiondrio com informagdes sécio-demograficas, comportamentais, de
acesso aos servicos, de histéria médica, de depressdo, de atividade fisica e fragilidade. Nao

haverd grupo de comparagdo neste trabalho nem placebo. Nao ha métodos alternativos para

86



obtencdo das informagdes pretendidas. Esta pesquisa ndo envolve riscos previsiveis para o
paciente, uma vez que para os exames clinicos serdo utilizados instrumentos descartdveis ou
devidamente esterilizados, além disto, o examinador estard utilizando equipamentos de
protecdo individual (luvas, mdscaras, gorro, 6culos de protecdo e avental). Estes exames
clinicos e fisicos realizados causam um desconforto minimo. Para assegurar maior
comodidade ao paciente, a entrevista seré realizada em local reservado. Nao havera beneficios
diretos pela participacdo nesta pesquisa. Os voluntdrios que apresentarem necessidades de
tratamento curativo odontolégico serdo informados sobre essas necessidades de tratamento e
devidamente encaminhados para atendimento odontoldgico na Unidade de Satide da Familia
do bairro. A assisténcia dos sujeitos que apresentarem qualquer alteracdo bucal serd realizada
via Unidade Bésica de Saidde ou Unidade de Satide da Familia de Carlos Barbosa, para a qual
o voluntdrio serd encaminhado. Em caso de ddvidas ou maiores esclarecimentos, a qualquer
momento da pesquisa, entrar em contato com a Prof*. Dr*. Maria da Luz Roséario de Sousa (19
2106-5364) ou a cirurgia-dentista Luisa Helena do Nascimento Toérres (51 9955-1277), ou
ainda através da Faculdade de Odontologia de Piracicaba (19 2106-5209). Em caso de duvida,
quanto aos seus direitos como voluntario de pesquisa entrar em contato com: Comité de Etica
em Pesquisa da Faculdade de Odontologia de Piracicaba; Avenida Limeira, 901. Caixa Postal

52, 13414-903 - Piracicaba, SP. Fone FAX: 19 2106-5349, e-mail: cep@fop.unicamp.br,

endereco eletronico: www.fop.unicamp.br/cep. Os voluntarios receberdo os esclarecimentos

que se fizerem necessdrios antes, durante e depois da pesquisa com os pesquisadores
responsdveis, relativos aos objetivos da pesquisa e a utilizacdo das informagdes. Os
voluntarios terdo a liberdade de sair da pesquisa a qualquer momento sem que haja qualquer
penalidade ou prejuizo, sendo que os mesmos, se estiverem de acordo, poderdo realizar os
exames e entrevista. Os dados obtidos durante a pesquisa serdo conservados em sigilo, ou
seja, as identidades dos participantes ndo serdo reveladas para proposito de publicacdo
cientifica ou educativa. Ndo hé previsdo de ressarcimento de gastos aos pacientes, pois ndo ha
risco previsivel pela participacdo na pesquisa. Ndo estd prevista qualquer forma de
indenizacdo referente a possiveis danos visto que ndo hd riscos previsiveis por se tratarem
somente de exames bucal e fisico e uma entrevista. Esperando contar com sua gentil
colaborag@o, desde ja agradecemos.

Consentimento livre e esclarecido:

Eu,
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__ certifico que tendo lido o documento acima exposto e, suficientemente esclarecido(a),
estou plenamente de acordo em participar da pesquisa, permito que os exames clinicos visuais
e a entrevista sejam feitos, estou ciente que os resultados obtidos serdo publicados para

difusdo do conhecimento cientifico e que a identidade do voluntario sera preservada.

Por ser verdade, firmo o presente. Data: / /

Nome por extenso:

Assinatura: RG Telefone:

2? via — Voluntario
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6.3  Questionario sociodemografico

B1. Qual a sua idade? anos (999). NR

B2. Qual € a sua data de nascimento? / / (99).NR

B3. Qual seu sexo? (0) Masculino (1) Feminino
B4. Qual a sua raga ou cor? (0) branco (1)pardo (2)negro (3)amarelo (5)indigena

BS. . Qual seu estado civil? (1) Solteiro (2) Casado/Unido estivel/morando junto
Separado (4) Vitvo (5) Outro (99)NR

B6. Até que ponto (série) vocé estudou?
(1) Menos que a quarta série.
(2) Completou a quarta série.
(3) Menos que a oitava série.
(4) Completou a oitava série.
(5) Menos que o Ensino secunddrio.
(6) Completou o Ensino secundério.
(7) Ensino Superior incompleto.
(8) Ensino Superior completo.
(9) Pés-graduagao.
(99) NR

- Sendo assim, quantos anos de estudo no total? anos

B7. Qual a sua renda mensal (em reais)?

B8. Qual a renda mensal da sua familia (em reais)?
B9. Vocé mora na regido urbana ou rural da cidade? (0) urbana (1) rural

B10. Com quem o senhor mora?
(1) Sozinho
(2) Moro com familiares
(3) Esposo (a)/ companheiro (a) somente
(99) NR

B11. Nimero de pessoas vivendo na casa: pessoas

B12. Vocé trabalha atualmente?
(1) Nao — desempregado
(2) Ndo — Aposentado

3)
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(3) Sim — 40h
(4) Sim — 20h
(5) Informalmente
(99) NR
- Se nao trabalha, qual era seu servigo? e ha quantos anos ndo trabalha?
anos.

B13. Vocé considera que possui dinheiro suficiente para cobrir suas necessidades da vida
diaria?
(0)Sim (1) Nao (99) NR
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6.4 Questionario de satde geral

Vocé tem ou teve alguma doenca? Nao Sim, Sim, NR
presente | passado
C1. Pressao alta / hipertensdo 0 1 2 99
C2. Artrite / reumatismo 0 1 2 99
C3. Osteoporose 0 1 2 99
C4. Cancer 0 1 2 99
C5. Doenca do coragdo 0 1 2 99
C6. Derrame / AVC / Isquemia 0 1 2 99
C7. Doenca do pulmdo (bronquite e enfisema) 0 1 2 99
C8. Depressao 0 1 2 99
C09. Alguma vez um médico falou que vocé tem diabetes, que alguns| Nao Sim NR
chamam de agtcar elevado no sangue? (Se ndo, va para a questdo D16| 0 1 99
)
C10. Outras, quais?
C11. Vocé toma algum remédio receitado por médico ou por conta] Nao Sim, Sim, | Ambos | NR
prépria? (Se nao, pular as duas préoximas questoes) 0 receita | conta 3 99
1 2
C12. Quais remédios?
C13. Compra com recursos proprios esses medicamentos ou obtém no, Nao | Sim, | Sim, Sim, NR
“Posto de Sadde”? 0 |meu$| posto | ambos 929
@ (2) 3)
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6.5 Questionario de habilidade mastigatoria

Tabela 1: Questiondrio de Avaliacdo da Habilidade Mastigatdria com prétese atual

Avaliacdo da Habilidade Mastigatoria com a protese

atual
1. Tem alterado a mastigacdo por causa da prétese? () Sim
( )Nao
2.Consegue comer cenoura crua, amendoim ou carne? () Sim
( )Nao
3. Vocé tem uma dieta somente macia? () Sim
( )Nao
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6.6 Escala de depressao geriatrica

Vou lhe fazer algumas perguntas para saber como o/a senhor/a vem se Sim | Nao |NR
sentindo na dltima semana.

IE1. Vocé esta basicamente satisfeito com sua vida? 1 2 99
E2. Vocé deixou muito de seus interesses e atividades? 1 2 99
IE3. Vocé sente que sua vida estd vazia? 1 2 99
[E4. Vocé se aborrece com frequéncia? 1 2 99
IES. Vocé se sente de bom humor a maior parte do tempo? 1 2 99
[E6. Vocé tem medo que algum mal v4 lhe acontecer? 1 2 99
IE7. Vocé se sente feliz a maior parte do tempo? 1 2 99
[E8. Vocé sente que a sua situagc@o ndo tem saida? 1 2 99
IE9. Vocé prefere ficar em casa a sair e fazer coisas novas? 1 2 99
I[E10.Vocé se sente com mais problemas de memdria do a maioria das pessoas 1 2 99
da sua idade?

I[E11.Vocé acha maravilhoso estar vivo? 1 2 99
E12.Vocé se sente um indtil nas atuais circunstancias? 1 2 99
I[E13. Vocé se sente cheio de energia? 1 2 99
[E14. Vocé acha que a sua situagdo € sem esperangas? 1 2 99
I[E1S5. Vocé sente que a maioria das pessoas da sua idade estd melhor que| 1 2 99
vocé?

E16. Total
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6.7 Mini exame do estado mental (MEEM)

Paciente:

Data de avaliagéo: Avaliador:

Orientacao

Dia da Semana (1 ponto)

Dia do Més (1 ponto)

Meés (1 ponto)

Ano (1 ponto)

Estacdo do ano (1 ponto)

Local especifico (andar ou setor) (1 ponto)
Instituicdo (residéncia, hospital, clinica) (1 ponto)
Bairro ou rua préxima (1 ponto)

Cidade (1 ponto)

Estado (1 ponto)

Meméria Imediata

R N N N N W e N

Fale trés palavras ndo relacionadas. Posteriormente pergunte ao paciente pelas 3 palavras. D€ 1

ponto para cada resposta correta.
PERA () GATO( ) BOLA ( )
Atenciao e Calculo
(100-7) sucessivos, 5 vezes sucessivamente (93,86,79,72,65)
(1 ponto para cada célculo correto)
Evocacao
Pergunte pelas trés palavras ditas anteriormente
(1 ponto por palavra)
PERA ( )  GATO( ) BOLA ( )
Linguagem
1) Nomear um relogio e uma caneta (2 pontos)
2) Repetir “nem aqui, nem ali, nem 14” (1 ponto)
3) Comando:pegue este papel com a mao direita, dobre
ao meio e coloque no chio (3 pontos)
4) Ler e obedecer:”feche os olhos” (1 ponto)
5) Escrever uma frase (1 ponto)
6) Copiar um desenho (1 ponto)
ESCREVA UMA FRASE:
COPIE O DESENHO:

Escore: ( /30)

(

~

~ N AN AN

)

~—

~— N N
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6.8

Instrumento de avaliaciao funcional da protese.

ltem 1
ltem 2
2(a)

ltem 3

3(a)

ltem 4

ltem 5
4(a)

ltem €

4(b)
ltem 7

5(1)
ltem 8

5(b)

ltem 9

5(c)

TOTAL

MEDIDAS AVALIADAS

Espago livre funcional

oclusédo

Retengéo superior

Controle da Lingua

Estabilidade superior

Estabilidade superior

Estabilidade inferior (com a boca
aberta)

Estabilidade inferior

Estabilidade inferior

CRITERIO
3-7mm
>7mm ou <3mm

Balanceada
Contato desigual

Resisténcia adequada
Resisténcia ndo adequada

Sim
Nao

Deslocamento lateral < ou = 5mm
Deslocamento lateral > 5mm

Minimo deslocamento
Deslocamento pronunciado

Fica em posigao
Notavel deslocamento

Sem movimento
Movimento pronunciado

Sem movimento
Movimento pronunciado

ESCORE

-h

-h

PONTUACAO
PACIENTE

ltem 1
ltem 1

ltem 2

ltem 2

ltem 3
ltem 3

ltem 4

ltem 4

ltem 5

ltem 5

ltem €&
ltem €&

ltem 7

ltem 7

ltem 8
ltem 8

ltem 8

ltem 9









