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RESUMO

Estudos em criancas tém relacionado a obesidade a alteragcbes na
mastigacdo, porém nado existem pesquisas que explicam os mecanismos de controle
central e periférico envolvidos neste fendmeno. Logo, o objetivo deste trabalho foi
avaliar o desempenho da mastigacdo em criancas com sobrepeso e obesidade e em
ratos com obesidade induzida por supernutricdo durante a lactacdo. Para isto, foi
executada uma pesquisa com abordagem translacional. No modelo humano, foi
realizado um estudo do tipo descritivo e transversal, com 92 criangas de 7 a 12 anos
de idade, de ambos os sexos, de uma escola publica do municipio de Vitéria de
Santo Antéo - PE, Brasil. As criancas foram divididas em grupos de peso adequado
(n=48), sobrepeso (n=26) e obesidade (n=18). Foram avaliados parametros
antropométricos; consumo alimentar; preferéncia da consisténcia alimentar; e
desempenho da mastigacdo. Ja no modelo animal, foi realizado um estudo
experimental em ratos Wistar. Os ratos foram divididos em dois grupos, sendo um
controle (n=24) e um supernutrido (n=24), que foi superalimentado através da
redugéo do tamanho da ninhada neonatal aos 3 dias de vida. Foram avaliados o
crescimento somatico; consumo alimentar durante a mastigacdo; desempenho
mastigatorio; parametros bioquimicos; e peso dos musculos masseteres. Os
resultados do experimento com criangas mostraram que infantes com obesidade
apresentam menor consumo de alimentos in natura (mediana=3, [1Q= 4,00-2,00,
p=0,026), maior consumo de alimentos ultraprocessados (mediana=4, 11Q= 4,00-
2,00, p=0,011) realizam menos sequéncias mastigatérias (mediana=2, 11Q= 3,00-
2,00, p=0,007), e comem mais rapidamente (mediana=58,50, [IQ= 69,00-48,00,
p=0,026) do que criancas com peso adequado. J& no experimento com animais,
encontramos que ratos com obesidade induzida pela superalimentacdo durante a
lactacdo apresentam maior peso corporal, a partir do décimo quarto dia de vida
(mediana=33,18, 11Q=34,73-30,92. p<0,001), maior peso relativo das gorduras
inguinal (média+ dp= 0,833%0,17, p<0,001) e retroperitoneal (médiat dp= 0,103 *
0,05, p=0,032), maior consumo alimentar durante a mastigacao aos 22 dias de vida
(mediana= 0,665, 11Q= 0,825-0,490, p=0,018), realizam menor numero de

sequéncias mastigatorias (mediana= 4,50, 11Q= 0,50-10,00, p=0,045) e menos ciclos



mastigatorios (mediana= 23,50, 11Q= 2,00-61,25, p=0,000) aos 22 dias de vida p0s-
natal, e, aos 30 dias de vida, apresentam uma menor taxa mastigatoria (mediana=
0,33, 11Q= 0,30-0,38, p=0,020) comparados aos animais controle. A partir dos
nossos achados, concluimos que criangas obesas e ratos com obesidade induzida
por supernutricdo durante a lactacdo apresentam alteracdes no desempenho da

mastigacao.

Palavras-Chave: obesidade; obesidade infantil; mastigacéo; criancas; roedores.



ABSTRACT

Studies in children have related obesity to changes in mastication, but there are no
studies that explain the central and peripheral control mechanisms involved in this
phenomenon. Therefore, the objective of this work was to evaluate the masticatory
performance in overweight and obese children and in rats with obesity induced by
overnutrition during lactation. For this, research with a translational approach was
performed. In the human model, a descriptive and cross-sectional study was carried
out, with 92 children from 7 to 12 years old, of both sexes, from a public school in the
municipality of Vitoria de Santo Antdo - PE, Brazil. The children were divided into
adequate weight (n=48), overweight (n=26) and obese (n=18) groups.
Anthropometric parameters were evaluated; food consumption; food consistency
preference; and masticatory performance. In the animal model, an experimental
study was carried out in Wistar rats. The rats were divided into two groups, one
control (n=24) and one overfed (n=24), which was overfed by reducing the size of the
neonatal litter at 3 days of age. Somatic growth were evaluated; food consumption
during mastication; masticatory performance; biochemical parameters; and weight of
the masseter muscles; The results of the experiment with children showed that obese
infants have lower consumption of in natura foods (median=3, 11Q= 4.00-2.00,
p=0.026), higher consumption of ultra-processed foods (median=4, 11Q= 4.00-2.00,
p=0.011) perform fewer chewing sequences (median=2, [1Q= 3.00-2.00, p=0.007),
and eat more quickly (median=58.50, 11Q=69 .00-48.00, p=0.026) than children with
adequate weight. In the experiment with animals, we found that rats with obesity
induced by overfeeding during lactation have higher body weight, from the fourteenth
day of life onwards (median=33.18, 11Q=34.73-30.92. p<0.001 ), greater relative
weight of inguinal fat (mean + SD= 0.833+0.17, p<0.001) and retroperitoneal (mean *
SD= 0.103 £ 0.05, p=0.032), higher food consumption during mastication at 22 days
of life (median= 0.665, 11Q= 0.825-0.490, p=0.018), perform fewer chewing
sequences (median= 4.50, 11Q= 0.50-10.00, p=0.045) and perform fewer chewing
cycles (median= 23.50, 11Q= 2.00-61.25, p=0.000) at 22 days of postnatal life, and at
30 days of life, they present a lower masticatory rate (median= 0.33, 11Q= 0.30-0.38,

p=0.020) compared to control animals. Based on our findings, we conclude that



obese children and rats with obesity induced by overnutrition during lactation show

changes in masticatory performance.

Keywords: obesity; childhood obesity; mastication; children; rodents.
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1 INTRODUCAO

Os periodos criticos de crescimento e desenvolvimento dos mamiferos estao
sendo considerados como preditores de alteragBes fenotipicas subsequentes,
muitas vezes com consequéncias a longo-prazo, inclusive na vida adulta
(GLUCKMAN et al., 2008). Muitos pesquisadores discutem o conceito de
plasticidade fenotipica, a qual consiste na capacidade de um organismo de reagir
aos desafios impostos pelo ambiente, modificando a sua forma, estado, movimento
ou padréao de atividade (GLUCKMAN et al., 2011; WELLS, 2014, 2019). Entende-se
por fenotipo as caracteristicas ativas e adaptativas que sdo susceptiveis a influéncia
dos genes e do ambiente (WEST-EBERHARD, 1986).

Diante da influéncia do ambiente na inducdo do fendtipo, diversos estudos
epidemiologicos e experimentais demonstram que variacdes ambientais na vida
precoce podem levar as mudancas fenotipicas com repercussdes permanentes no
metabolismo, estrutura e funcdo dos sistemas fisiologicos (CADENA-BURBANO et
al.,, 2017; FERRAZ-PEREIRA et al.,, 2013a; LACERDA et al., 2017a). Nesse
contexto, estudos experimentais demonstram que a prole de ratos supernutridos
durante a lactacdo apresentam maior peso corporal e alteracdo em parametros
bioquimicos (DE MOURA FREITAS et al., 2019); aumento do estresse oxidativo e
remodelacdo cardiaca nas fases posteriores da vida (JUNIOR et al., 2019); assim
como aumento da gordura visceral e dos niveis plasmaticos de insulina em jejum
(DE SOUZA RODRIGUES CUNHA et al, 2009). Ademais, é visto que a
supernutricdo pos natal, induzida pela reducdo do tamanho da ninhada durante a
lactacdo, tem sido associado a maior susceptibilidade ao desenvolvimento da
obesidade em ratos (SOCH et al., 2019; STEFANIDIS; SPENCER, 2012).

A obesidade consiste no acumulo anormal ou excessivo de gordura corporal,
gue provoca prejuizos a saude (WHO. WORLD HEALTH ORGANIZATION, 2000). A
obesidade infantil consiste em uma das condi¢des adversas da saude mais comuns
entre criangas (MARIA AIELLO et al., 2015). Mundialmente, cerca de 38,3 milhdes
criangas menores de 5 anos encontram-se com excesso de peso, um aumento de 8
milhées desde 2000 (UNICEF; WHO; WORLD BANK, 2020). No Brasil, cerca de

26,6% das meninas e 30% dos meninos com idade entre 5 e 19 anos apresentam
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esta condicdo (BENTHAM et al., 2017). A obesidade na infancia, no mesmo pais,
também demonstra percentuais elevados, acometendo um total de 14,1% das
criancas (MARIA AIELLO et al., 2015). Segundo dados da Pesquisa de Orgcamentos
Familiares (POF) 2008-2009, o excesso de peso em criangcas de 5 a 9 anos, na
regido Nordeste, encontra-se em um percentual de 16,6% (BRAZILIAN INSTITUTE
OF GEOGRAPHY AND STATISTICS, 2011) J& para o estado de Pernambuco, um
estudo realizado em 2012 com 1435 criancas e adolescentes encontrou uma
prevaléncia de excesso ponderal de 13,3%, o que ultrapassa em cerca de cinco
vezes o valor limitrofe (2,3%) estabelecido pela OMS (LEAL et al., 2012).

Nesse contexto, a literatura cientifica trata a obesidade como tendo natureza
multifatorial, visto que fatores genéticos, metabdlicos, sociais, -culturais e
comportamentais podem estar relacionados com as principais causas dessa
epidemia (KOLOTKIN; METER; WILLIAMS, 2001). Dentre os fatores metabdlicos e
comportamentais, estudos tém tentado relacionar a obesidade com um estilo
especifico de Mastigacdo, evidenciado por menos mastigacbes por grama de
alimento ou por mordida (KEANE; GELLER; SCHEIRER, 1981; LI et al., 2011), maior
ritmo de ingestdo (LI et al, 2011) e maior tamanho de mordida (HILL;
MCCUTCHEON, 1984), o que poderia promover o aumento do consumo alimentar
(FERSTER; NURNBERGER; LEVITT, 1996; WHITE et al., 2015). Estudos mostram
que pessoas com déficit da mastigacdo tendem a modificar a sua dieta para evitar
alimentos que sédo dificeis de mastigar (FRIEDLANDER et al., 2007). Isso pode
resultar em absorcédo diminuida de nutrientes e pode também levar ao desequilibrio
da ingestdo alimentar, com consumo preferencial de alimentos moles, facilmente
mastigados, como os alimentos processados, ao invés daqueles ricos em fibras e
nutrientes (SOARES et al., 2017a). Alteracdes na funcdo mastigatoria de individuos
com sobrepeso e obesidade também vém sendo estudadas durante a infancia, onde
observou-se que criancas com sobrepeso e/ou obesidade apresentam pior
desempenho mastigatério (ARAUJO et al., 2016; SANTOS et al., 2023; SOARES et
al., 2017a).

A mastigacdo consiste na primeira etapa da digestdo e é responsavel pela

quebra dos alimentos em particulas menores, adequadas para absorcao
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gastrointestinal dos nutrientes (PEDERSEN et al., 2002). Ela € um processo-chave
da fase cefalica do comportamento alimentar, visto que a estimulacdo sensorial
desencadeada pelo contato do alimento com a cavidade oral promove a liberacao de
hormoénios relacionados com a regulacdo do apetite e saciedade (AROSIO et al.,
2004; TEFF; MATTES; ENGELMAN, 1991) A maturacdo da funcdo mastigatoria
ocorre durante um periodo critico de desenvolvimento do sistema nervoso central,
em paralelo a maturagdo morfolégica e funcional do complexo craniofacial (GOJO;
ABE; IDE, 2002). Além disso, antes do nascimento e durante a vida pos-natal
precoce, 0s musculos esqueléticos também passam por rapidas mudancas na
composicdo de seus sistemas contratil, regulatorio e energético (PERRY, 1970). As
modificagdes mais importantes observadas nos musculos mastigatorios ocorrem
apos o nascimento (SHIDA et al., 2005), quando o padrdo de ingestao de alimentos

se altera da succ¢do para a mastigacao.

Os circuitos que controlam o padrdo dos movimentos mandibulares durante a
mastigacado estdo localizados dentro de uma pequena regido do tronco encefélico
definida rostralmente pelo nicleo motor do trigemeo e caudalmente pelo nucleo
facial (NVII) (KOGO; FUNK; CHANDLER, 1996; NAKAMURA; KATAKURA,;
NAKAJIMA, 1999; TANAKA et al., 1999). A regulacdo da mastigacdo através do
complexo nuclear trigeminal influencia as caracteristicas de disparo eletromiografico
de musculos que controlam os movimentos mastigatérios e a duracdo das fases
constituintes dos ciclos mastigatorios (VINYARD et al., 2008). Adicionalmente, em
animais experimentais € observado que a mastigagdo ativa neurbnios
histaminérgicos no nucleo paraventricular e ventromedial do hipotdlamo (SAKATA et
al., 2003). A ativacdo desses neurbnios estd relacionada com a diminuicdo da
ingestado de alimentos (FUKAGAWA et al., 1989; OOKUMA et al., 1993; SAKATA,
1995; SAKATA et al., 1988).

Descobertas sobre a relacdo entre alteracdes na funcdo mastigatoria e o
excesso de peso em periodos criticos do desenvolvimento sdo as bases para o
interesse crescente na utilizagcdo de modelos experimentais com excesso de peso, a
fim de obter conhecimento sobre os mecanismos que induzem as alteragbes nos

parametros mastigatérios, e como isto influencia no controle do apetite e da
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saciedade. A complexa relacdo entre o que se observa na pratica da atividade
clinica e o que se obtém de resultados em pesquisa clinica e de investigagdo em
ciéncia basica deve ser organizada e analisada dentro de um contexto Unico que,
nos dias de hoje, é denominado “Pesquisa Translacional” (CUNHA RUDGE et al.,
2013). Nesse contexto, o objetivo geral deste trabalho foi avaliar o desempenho da
mastigacdo em criancas com sobrepeso e obesidade e em ratos com obesidade

induzida por supernutricdo durante a lactagéo.
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2 REVISAO DA LITERATURA
2.1 Periodo critico do desenvolvimento e plasticidade fenotipica

A compreensdo dos mecanismos associados ao crescimento e
desenvolvimento dos individuos permite um maior entendimento dos processos
relacionados a saude e a doenca ao longo da vida. Identificar como atuam estes
processos pode ser a melhor alternativa para evitar que as doengas se instalem
(GLUCKMAN et al., 2011). Nesse contexto, estudos discutem que influéncias
ambientais em periodos criticos de crescimento e desenvolvimento dos mamiferos
(periodo intrauterino, infancia, meia-infancia e adolescéncia) estdo associadas a
alteracdes fenotipicas posteriores, com consequéncias a longo-prazo (CAMERON;
DEMERATH, 2002; HANSON; GLUCKMAN, 2014).

A medida que o desenvolvimento se desenrola desde a concepcdo até a
idade adulta, os individuos atravessam varios periodos criticos sensiveis que
moldam seu desenvolvimento social e biologico. Durante esses periodos criticos,
janelas de vulnerabilidade se abrem para a adversidade (KUH; BEN SHLOMO;
EZRA, 2004). A hipétese das “origens fetais” ou “fenétipo poupador” postula que as
restricbes de crescimento fetal desencadeiam respostas adaptativas preditivas, que
consistem em ajustes fenotipicos in Utero, como interrupcdes na formacdo de
orgaos, crescimento e especializacdo funcional, e alteracées da funcdo metabdlica
basal, como ajustes na presséo arterial, frequéncia cardiaca, metabolismo da glicose
e lipidios (BATESON; GLUCKMAN, 2012). Embora as respostas adaptativas
preditivas aumentem a sobrevida fetal em curto prazo, elas sdo prejudiciais a longo
prazo e aumentam o risco de doencas crbénicas (PALLONI et al., 2020; RAMIREZ,
HAAS, 2022).

A busca pelo entendimento das bases fisiologicas e fisiopatologicas
envolvidas na relagdo entre a influéncia ambiental durante o desenvolvimento
humano precoce e o risco de doencas crbnicas tornou-se um campo da ciéncia
reconhecido como “Origem desenvolvimentista da saude e da doenca (DOHaD)”
(HANSON; GLUCKMAN, 2014). Os estudos sobre a hipotese DOHaD comecaram

com investigacdes epidemioldgicas das relagbes entre os indices de peso ao nascer
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e mortalidade infantil, e o estado de salude na idade adulta, em regides do Reino
Unido (BARKER et al.,, 1989). Posteriormente foi observado que estes eventos
podem ser explicados por mecanismos moleculares e celulares, incluindo o
processo de modificacdo epigenética da expressdo génica (GLUCKMAN et al.,
2008).

O termo “epigenética” foi criado pelo bidlogo Conrad Waddington, e consiste
na juncao dos termos “epigénese” e “genética” (CREIGHTON; WADDINGTON,
1958). Ele refere-se as alteragdes quimicas do DNA que resultam na modificacdo da
transcricdo e traducao do gene, independentemente da sequéncia de codificacao do
DNA subjacente. Mecanismos epigenéticos, que incluem metilacdo do DNA,
modificacdo de histonas e microRNA (miRNA), podem produzir alteragbes
fenotipicas hereditarias sem alteracao na sequéncia do DNA (ZHANG; LU; CHANG,
2020). Conforme demonstrado pelos estudos da DOHaD, o ambiente pré e perinatal
tem uma influéncia marcante nas marcas epigenéticas e na expressado génica ao
longo da vida (BIANCO-MIOTTO et al., 2017). Um risco aumentado de desenvolver
doencas cronicas poderia, portanto, ser o resultado de uma experiéncia de vida
precoce (OSPELT, 2022).

Dentre os primeiros estudos que serviram como base para o entendimento da
DOHaD, o mais conhecido € o da coorte da fome holandesa, que incluiu adultos
nascidos no periodo da fome imposta pelos nazistas nos anos de 1944-1945.
Aqueles que foram expostos a fome durante o meio ou final da gestacdo
apresentaram menor tolerancia a glicose em comparacdo com aqueles expostos no
inicio da gestacdo ou nunca expostos a fome (RAVELLI et al., 1998). Além disso,
adultos que foram expostos a fome durante qualquer periodo de dez semanas de
gestacado tinham quase trés vezes mais chances de ter hipertensdo do que adultos
nao expostos (STEIN et al., 2006).

Diante das bases para o entendimento da DOHaD, se discute o conceito de
plasticidade fenotipica, que consiste na capacidade de um organismo de reagir aos
desafios ambientais, modificando seu fenétipo (WELLS, 2014, 2019; WEST-

EBERHARD, 2005). Ademais, entende-se por fenotipo as caracteristicas ativas e
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adaptativas que sdo susceptiveis a influéncia dos genes e do ambiente (WEST-
EBERHARD, 2005). Baseando-se na influéncia do ambiente na inducédo do fendtipo,
diversos estudos tém demonstrado que variacdes ambientais em periodos criticos
do desenvolvimento podem provocar mudancas fenotipicas com repercussdes
permanentes no metabolismo, estrutura e funcdo dos sistemas fisiolégicos
(CADENA-BURBANO et al., 2017; FERRAZ-PEREIRA et al., 2013a; LACERDA et
al., 2017a).

Dentre as repercussées metabdlicas provocadas por influéncias ambientais
precoces, podemos destacar a obesidade, que € uma patologia caracterizada pelo
acumulo excessivo de gordura corporal, que provoca riscos a saude (WHO. WORLD
HEALTH ORGANIZATION, 2000). A relacdo direta entre a nutricAo materna e a
obesidade da prole foi mostrada em um estudo que investigou uma populacdo que
vivenciou o inverno da fome holandesa entre 1944 e 1945. Durante as operacdes
militares da Segunda Guerra Mundial, as forcas nazistas de ocupacdo bloquearam
areas da Holanda durante o inverno de 1944-1945 e as ragOes oficiais foram
reduzidas para 300-500 kcal por dia. Posteriormente, apés 50 anos, ao investigar 0s
adultos que estavam no Utero durante este periodo de privacdo alimentar das maes,
observou-se uma maior predisposicdo ao desenvolvimento de obesidade (RAVELLI,
STEIN; SUSSER, 1976), assim como doenca cardiaca coronaria (ROSEBOOM et
al., 2000), intolerancia a glicose e resisténcia a insulina (RAVELLI et al., 1998).

Além dos efeitos da desnutricdo materna sobre o desenvolvimento da
obesidade, pesquisas mostram que a obesidade materna e o ganho excessivo de
peso durante a gestacao estdo relacionados a um posterior risco de obesidade e de
doencas cardiometabdlicas na prole (LAWLOR et al., 2004; REYNOLDS et al.,
2013). Uma meta-analise recente mostrou que um maior IMC pré-gestacional
aumenta o risco de a prole estar acima do peso (VOERMAN et al., 2019). Este
estudo evidenciou ainda que uma crianca nascida de uma mulher com IMC pré-
gestacional maior que 25 aumenta em 1,7 vezes a probabilidade de ter excesso de
peso na primeira infancia e 2 vezes mais probabilidade de ter excesso de peso no
final da infancia (VOERMAN et al., 2019).
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Estudos demonstraram que, em popula¢gdes industrializadas, o rapido ganho
de peso na infancia tem sido associado a um aumento posterior da adiposidade e,
portanto, maior risco de obesidade (KARAOLIS-DANCKERT et al., 2006; STETTLER
et al., 2003). Autores mostram ainda que a supernutricdo pds-natal precoce, em
ratos, provoca aumentos consideraveis no peso corporal ao desmame, e que esse
aumento de peso persiste na idade adulta (BALONAN; SHENG, 2000; VELKOSKA,;
COLE; MORRIS, 2005). A obesidade, por sua vez instalada, relaciona-se com o
surgimento de inUmeras doencas cardiometabdlicas, e pode provocar alteracdes em
sistemas fisioldgicos do corpo (WHO. WORLD HEALTH ORGANIZATION, 2000).

Nesse contexto, observa-se que a realizacdo de pesquisas, envolvendo as
bases clinicas e epidemioldgicas, sobre os mecanismos relacionados ao surgimento
de patologias, pode contribuir para a construcdo de estratégias terapéuticas
eficazes, e, principalmente, auxiliar na prevencdo de doencas crdnicas, como a

obesidade e comorbidades associadas.

2.2 Obesidade infantil e suas repercussdes na vida adulta

A OMS conceitua a obesidade como sendo o acumulo anormal ou excessivo
de gordura corporal, que provoca prejuizos a saude (WHO. WORLD HEALTH
ORGANIZATION, 2000). Ela é uma condicdo de saude ndo transmissivel,
multifatorial, e evitavel, sendo de grande preocupacao de saude publica (BAETGE et
al., 2017; PANDEY et al.,, 2022). O numero crescente de individuos obesos em
todas as faixas etarias é alarmante, e, diante disto, desde 1997 a OMS reconhece a
natureza global da obesidade como uma epidemia (WHO. WORLD HEALTH
ORGANIZATION, 2000).

Globalmente, milhbes de criancas apresentam sobrepeso e obesidade
(SWINBURN et al., 2019). A prevaléncia global de obesidade infantil aumentou oito
vezes na faixa etaria de 5 a 19 anos e dobrou na faixa etaria de 2 a 4 anos nas
tltimas quatro décadas (DI CESARE et al., 2019). Ademais, cerca de 38,3 milhdes

criangas menores de 5 anos encontram-se com excesso de peso, um aumento de 8
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milhdes desde 2000 (UNICEF; WHO; WORLD BANK, 2020). Com a recente
pandemia da COVID-19 e as politicas nacionais associadas ao fechamento de
escolas e falta de atividades fisicas, a prevaléncia da obesidade infantil aumentou
ainda mais em muitas partes do mundo (JENSSEN et al., 2021).

No Brasil, de acordo com o estudo nacional de alimentacdo e nutricao infantil
(ENANI), realizado em 2019, 10% das criancas menores de cinco anos estado com
excesso de peso, 3% estdo com obesidade e 18,3% estdo em risco de sobrepeso
(UNIVERSIDADE FEDERAL DO RIO DE JANEIRO, 2022). No mesmo pais, uma
revisdo sistematica que analisou estudos transversais realizados entre 2008 e 2014
encontrou uma prevaléncia de 14,1% de obesidade infantil (MARIA AIELLO et al.,
2015). O relatério mundial da obesidade (2022) projetou que, até 2030, o Brasil tera
7,7 milhdes de criancas obesas. Ele também estima que cerca de 23% das criancas
entre 5 e 9 anos e 18% dos adolescentes de 10 a 19 anos serdo afetados pela
doenca (LOBSTEIN et al., 2022)

No estado de Pernambuco, um estudo com criancas e adolescentes, no ano
de 2006, encontrou uma prevaléncia de 13,3% de excesso de peso (LEAL et al.,
2012). Além disso, foi encontrado um percentual de 9,2% de excesso de peso em
criancas e adolescentes do interior rural do mesmo estado (LEAL et al., 2012). Um
estudo realizado em 2018 analisou a prevaléncia de excesso de peso em 266
criancas internadas em um hospital de referéncia materno-infantii em PE e
encontrou um percentual de 25,2% (DOMINGOS JUNIOR et al., 2020). Ja no
municipio de Vitdria de Santo Antdo, Localizado na Zona da Mata do estado de
Pernambuco, um estudo do nosso grupo de pesquisa encontrou uma prevaléncia de
36,9% de criancas de 7 a 10 anos de idade com excesso de peso, estando 16,3%
delas com obesidade (SANTOS et al., 2022).

O aumento significativo nas taxas de obesidade se deu ndo somente nos
paises desenvolvidos, mas também nos paises em desenvolvimento (ABREU et al.,
2014; GUEDES et al., 2011). Embora a prevaléncia de sobrepeso e obesidade em
paises desenvolvidos seja mais alta, 0 aumento relativo nas ultimas duas décadas
foi maior nos paises em desenvolvimento, particularmente nos paises africanos (DE
ONIS; BLOSSNER; BORGHI, 2010). Paises de renda média-baixa com grandes
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populacées, como india, Paquistéo, Indonésia e Nigéria podem rapidamente seguir o
padrdao de paises de renda meédia alta, como México, Brasil e Turquia, ao
observarem um rapido aumento na prevaléncia de obesidade, especialmente entre
criancas e adolescentes (LOBSTEIN et al., 2023). Este fenbmeno esté caracterizado
na transicdo nutricional, que consiste em tendéncias concomitantes de declinio da
desnutricdo e de ascensdo da obesidade, observadas em sociedades em
desenvolvimento que experimentam rapidas e intensas transformacfes em seu
padréo de crescimento econémico e estrutura demografica (MONTEIRO et al., 1995;
POPKIN, 1994).

Estudos mostram que criancas obesas tém grandes chances de se tornarem
adultos obesos (SINGH et al.,, 2008; WARD et al., 2017), e que o risco de
persisténcia da obesidade infantii na idade adulta aumenta com a idade,
independentemente do tempo de obesidade da crianca (ROSENBAUM, 2007). Foi
demonstrado que a obesidade infantil permanece até a idade adulta, e apresenta
uma baixa taxa de remissdo espontanea, especialmente para criancas com
obesidade grave (WARD et al., 2017). Diante disto, as andlises longitudinais das
trajetérias da adiposidade ao longo da infancia e da adolescéncia podem ser
extremamente (teis para o avanco da compreensdo da etiologia da obesidade e
suas complicacdes de saude a longo prazo (HOWE et al., 2015).

A obesidade infantii € uma doenca multissistémica, e provoca diversos
problemas de saude durante a infancia (Figura 1) (EBBELING; PAWLAK; LUDWIG,
2002). Ela é precursora de doencas como diabetes (DE MORAIS TURELI; DE
SOUZA BARBOSA: GAVIAO, 2010), doenca coronariana, hipertensdo e infarto,
dislipidemias, apneia do sono (WHO. WORLD HEALTH ORGANIZATION, 2000),
além do aumento do risco de morte prematura (JUNG, 1997), e comprometimento da
gualidade de vida dos sujeitos afetados (DODSON et al., 2013; KOLOTKIN; METER,;
WILLIAMS, 2001). Ademais, ha relatos na literatura cientifica da associacdo da
obesidade com disturbios orais, a exemplo das doencas periodontais (BASTOS et
al., 2005; PATARO et al., 2012), caries dentarias (LEVINE, 2012), desgaste dentario
(BARRON et al., 2003; BICCAS et al., 2009) e xerostomia (MODEER et al., 2010).
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Figura 1 - ComplicacGes da obesidade infantil.
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Fonte: (EBBELING et al., 2002)

Devido a indisponibilidade e ao alto custo das técnicas que medem
diretamente a gordura corporal, o indice de massa corporal (IMC), derivado do peso
corporal e da estatura, tornou-se a medida padrao clinica mais amplamente aceita e
mais utilizada para analise do sobrepeso e obesidade em criancas acima de dois
anos (FREEDMAN; SHERRY, 2009; ROLLAND-CACHERA et al., 1982). Isto porque
o IMC em criancas esta correlacionado com medidas diretas de adiposidade
(LINDSAY et al.,, 2001), pressao arterial (POLAT et al.,, 2013) e concentragdes
séricas de lipideos (ARJONA-VILLICANA et al., 2014). Em geral, o IMC fornece uma
estimativa razoavel da adiposidade na populacdo pediatrica saudavel (FREEDMAN;
SHERRY, 2009).

Uma vez que tanto a altura quanto a composicdo corporal mudam
constantemente em criangas e adolescentes, a definicdo de obesidade deve ser
baseada em limites especificos de idade e sexo (TUNG et al., 2023). Em 2000, o
Centro Nacional de Estatisticas de Saude e os Centros de Controle e Prevencao de
Doencgas (CDC) publicaram padrdes de referéncia de IMC para criancas entre 2 e 20
anos de idade (KUCZMARSKI et al., 2000). Da mesma forma, a OMS desenvolveu
padrées de crescimento por meio do Estudo Multicéntrico de Referéncia de

Crescimento da OMS para descrever o crescimento infantii normal desde o



30

nascimento até os 5 anos de idade (DE ONIS, 2006). Ja em 2007, a OMS publicou
padrbes de crescimento para criancas e adolescentes em idade escolar (5 a 19
anos), em condi¢cdes ambientais ideais (DE ONIS et al., 2007).

A circunferéncia da cintura e a relacdo cintura-quadril também podem ser
usadas para avaliar a obesidade, sobretudo a obesidade abdominal, enquanto a
espessura da dobra cutanea é util como um indicador de adiposidade (KUMAR;
KELLY, 2017; LEE et al., 2006; MORENO et al., 2002). Ademais, nos ultimos anos,
a Relacdo Cintura-Estatura (RCE) tem sido recomendada como uma medida
alternativa para determinar obesidade na infancia (LEE et al., 2008). E um marcador
simples e ndo dependente da idade, podendo evitar a necessidade de graficos de
referéncia relacionados a idade e género em diferentes grupos étnicos
(BROWNING; HSIEH; ASHWELL, 2010). O ponto de corte da RCE para predi¢ao da
obesidade/obesidade abdominal corresponde a 0,5 em ambos 0s sexos, criangas e
adolescentes (KILINC et al., 2019).

A obesidade é uma doenca complexa e multifatorial, com origens genéticas,
comportamentais, socioecondmicas e ambientais (HRUBY; HU, 2015; KOLOTKIN;
METER; WILLIAMS, 2001). Estudos apontam o impacto negativo dos habitos
alimentares, do avanco tecnoldgico, e do consumo exacerbado de alimentos
industrializados, associados com estilo de vida sedentario, que, juntos, contribuem
com o0 aumento crescente dos casos de obesidade (AMINE et al., 2003; KREBS et
al., 2014). Portanto, as mudancas nos habitos alimentares das familias, na qual a
refeicdo caseira rica em fibras e carboidratos complexos tém sido substituida pelo
aumento do consumo de alimentos processados, ricos em carboidratos simples e
lipideos, com consisténcia mole e altamente palataveis, sdo processos relacionados
com o desenvolvimento de obesidade (MILLER; SILVERSTEIN, 2007).

Pesquisas atuais concentram-se em examinar a origem da obesidade, dadas
as evidéncias de que os riscos para esta patologia iniciam em periodos criticos do
desenvolvimento (GIBBS; FORSTE, 2014). Estudos demonstraram relacbes entre o
estado nutricional na primeira infancia (até trés anos de idade) e posterior obesidade
em criancas e adolescentes (NADER et al., 2006; TAVERAS et al., 2009).

Pesquisadores tém proposto que a privagao nutricional durante o periodo fetal e na
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primeira infancia pode levar a adaptacdes que poderiam resultar no desenvolvimento
da obesidade posteriormente (CLEMENTE et al., 2011). O aleitamento materno
também parece ter influéncia na composi¢do corporal durante a infancia, como
observaram Ferreira et al. (2010), mostrando, em seu estudo, que o aleitamento
materno por trinta dias ou mais foi um fator de protecéo contra sobrepeso em pré-
escolares de um a cinco anos de idade (FERREIRA et al.,, 2010). Estudos
demonstram ainda relacdo entre a funcdo mastigatoria e o excesso de peso em
criangas, 0 que estaria relacionado com aumento do consumo alimentar destas
(SATO; YOSHIIKE, 2010; SOARES et al., 2017b).

Diante do exposto, prevenir as causas e consequéncias da obesidade infantil
e evitar a transicdo da obesidade da primeira infancia para a idade adulta pode
interromper o ciclo vicioso continuo da epidemia de obesidade infantil em todo o
mundo (NADER et al., 2012). Brotman et al. (2012) sugerem que a prevencao
precoce da obesidade em criancas de alto risco é promissora, e que esses esfor¢os
podem contribuir para a reducdo da obesidade e das disparidades de saude
provocadas por ela (BROTMAN et al, 2012). Estas intervencbes incluem
modificacdo do estilo de vida, educacéo nutricional e aumento da atividade fisica,
gue sao estratégias eficazes na prevencdo da obesidade infantil (BAUTISTA-
CASTANO; DORESTE; SERRA-MAJEM, 2004; MATUSIK; MALECKA-TENDERA,
2011).

2.3 Obesidade induzida por superalimentacdo em modelo animal

O estudo dos mecanismos pelos quais a obesidade se instala e/ou induz
alteracdes fisiolégicas pode ser viabilizado pela utilizacdo de modelo animal
(ROSINI; DA SILVA; MORAES, 2012). Os modelos animais tém sido a base dos
estudos de efeitos ambientais, como epigenética, respostas a dietas ricas em
gorduras e baixas calorias e a identificacdo e desenvolvimento de produtos
farmacéuticos para o tratamento da obesidade (SPEAKMAN; HAMBLY; KROL,
2007). A vantagem da utilizacdo de modelos experimentais € que eles podem ser
mantidos em ambientes estritamente controlados, alimentados com dietas

padronizadas, livres de estresse e mantidos sem patdégenos ou germes. No entanto,
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a limitacdo dos estudos com estes modelos é que ndo ha afirmacdo de que
condicbes observadas em animais experimentais podem ser comparaveis as
condi¢cdes humanas em seu nivel fundamental (SULEIMAN; MOHAMED; BAKAR,
2020).

Embora os roedores sejam a espécie animal mais comum no estudo da
fisiopatologia da obesidade, outros animais experimentais também sdo empregados
para o entendimento desta condicdo, como primatas (EIZIRIK; MURPHY; O’'BRIEN,
2001) e céaes (MARTIN et al., 2006). Ademais, a grande similaridade e homologia
entre os genomas dos roedores e dos humanos tornam esses modelos animais uma
importante ferramenta para o estudo de condi¢cdes que afetam os humanos e que
podem ser simuladas em ratos (VON DIEMEN; TRINDADE; TRINDADE, 2006).

Os ratos desenvolvem-se rapidamente durante a infancia e tornam-se
sexualmente maduros por volta das 6 semanas de idade (SENGUPTA, 2012). A
idade média de desmame para humanos € de aproximadamente 6 meses (180 dias)
(WALLENBORN et al., 2021), enquanto que para ratos de laboratério € de 3
semanas (~P21) (Figura 2) (SENGUPTA, 2013). Ademais, Ghasemi e colaboradores
(2021) define que existem basicamente quatro estagios que descrevem o0
comportamento nutricional de ratos: (1) periodo pré-amamentacdo, que sdo as
primeiras 6 horas apdés o nascimento, (2) periodo de amamentacdo, que é
exclusivamente a ingestédo de leite materno e leva até 16 dias de vida pés-natal, (3)
desmame, que € uma combinacdo da ingestdo de leite e alimentos sélidos (~28
dias), e (4) consumo de alimentos soélidos (> 28 dias de vida) (GHASEMI; JEDDI;
KASHFI, 2021).
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Figura 2 — Perfil de desenvolvimento de ratos de laboratorio.
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Fonte: (SENGUPTA, 2013)

A literatura aborda principalmente cinco tipos diferentes de manipulacdes em
modelos animais, empregadas no estudo das bases fisioldgicas e genéticas da
obesidade: (1) modelos que refletem mutacdes de um Unico gene que surgiram
espontaneamente em coldnias de roedores e foram posteriormente caracterizadas;
(2) modelos que aceleram a taxa de mutacdo aleatoria artificialmente, tratando
roedores com mutagénicos ou expondo-os a radiacdo; (3) modelos em que um gene
especifico foi interrompido ou super expresso; (4) modelos em que a reproducdo
seletiva foi utilizada para gerar grupos de roedores que diferem em seu grau de
gordura; (5) modelo que focam nos aspectos ambientais da obesidade, a exemplo
da oferta de dietas com alto teor de gordura ou alto teor de gordura/alto teor de
acUcar (Cafeteria) (SPEAKMAN; HAMBLY; KROL, 2007).

Dentre as manipulacbes que focam na influéncia do ambiente no
desenvolvimento da obesidade, surgem varios tipos de dietas que se mostraram
eficazes para induzir esta condicdo. Algumas delas atingem valores hipercaléricos
pela adicdo de carboidratos e outras por gorduras, e a maioria varia entre 3,7 Kcal/g
e 5,4 Kcal/g (VON DIEMEN; TRINDADE; TRINDADE, 2006). Diante disto, para
promover excesso de adiposidade em animais, sdo ofertadas dietas hipercaloricas,
com alto teor de gordura, dietas de cafeteria (que imitam modelos de alimentos
obesogénicos humanos e promovem hiperfagia), dietas ocidentalizadas e a reducéo
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de ninhada neonatal (PLAGEMANN et al., 1999). A escolha do modelo adequado
para um experimento especifico depende do objetivo do estudo (LUTZ; WOODS,
2012).

Diante dos diferentes modelos de inducdo da obesidade em animais, o
modelo de superalimentacdo precoce pés-natal, através da reducado do tamanho da
ninhada, se assemelha a obesidade infantil e suas consequéncias na vida adulta,
com efeitos bem estabelecidos, como aumento da adiposidade e peso corporal
(HABBOUT et al., 2013; KAYSER; GORAN; BOURET, 2015). A supernutricdo
precoce provocada pela reducdo do tamanho da ninhada foi demonstrada pela
primeira vez por Kennedy, em 1957 (KENNEDY, 1957). A partir dai, estudos
pioneiros publicados por Plagemann e colaboradores (DORNER; PLAGEMANN,
1994; HEIDEL; PLAGEMANN; DAVIDOWA, 1999; PLAGEMANN et al., 1999), nos
anos 90, mostraram, em ratos, que a reducdo do tamanho da ninhada apo6s o
nascimento provoca aumentos significativos na ingestado alimentar, devido a maior
disponibilidade de leite materno no periodo poés-natal imediato (HABBOUT et al.,
2013).

Através da reducdo artificial do tamanho natural da ninhada, apenas trés (DA
SILVA et al., 2019; DE MOURA FREITAS et al., 2019; PLAGEMANN et al., 2009) a
quatro (DE LUCA et al.,, 2016; MOREIRA et al., 2009; STEFANIDIS; SPENCER,
2012) filhotes por ninho sdo submetidos a superalimentacao precoce, 0 que provoca,
por exemplo, hiperglicemia precoce, rapido acumulo de gordura e obesidade
(PLAGEMANN et al., 2009). Por mecanismos desconhecidos, a disposicao da
obesidade €& preservada permanentemente, acompanhada de hiperfagia,
hiperinsulinemia, hiperleptinemia, distarbios diabéticos e cardiovasculares ao longo
da vida (PLAGEMANN, 2005; PLAGEMANN et al., 1999)

Estudos experimentais demonstram que a prole de ratos supernutridos
durante a lactacdo apresentam maior peso corporal e alteracbes em parametros
bioguimicos (DE MOURA FREITAS et al., 2019); aumento do estresse oxidativo e
remodelacdo cardiaca nas fases posteriores da vida (JUNIOR et al., 2019); assim

como aumento da gordura visceral e dos niveis plasmaticos de insulina em jejum
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(DE SOUZA RODRIGUES CUNHA et al., 2009). Habbout e colaboradores, em uma
revisdo publicada em 2013, resumem varias consequéncias fisiopatologicas da
superalimentacdo pos-natal em ratos e camundongos (Figura 3) (HABBOUT et al.,
2013).

Figura 3 - Consequéncias fisiopatologicas da superalimentacdo pés-natal em ratos e

camundongos.
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Fonte: (HABBOUT et al., 2013)

Nesse contexto, observa-se que a supernutricdo pos-natal precoce é um
eficiente modelo de inducdo de excesso de peso em roedores, e que pode auxiliar

no estudo dos mecanismos envolvidos na génese da obesidade e comorbidades
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associadas. Entender estes mecanismos pode contribuir para a prevencao e

controle de patologias, melhorando a saude da populacéo.

2.4 Mastigacao, controle do comportamento alimentar e obesidade

Estudos tém relacionado um estilo especifico de mastigacdo com o
desenvolvimento do excesso de peso em individuos (FERSTER; NURNBERGER,;
LEVTIT, 1996; WHITE et al., 2015). Ferster et al. (1962) foram os primeiros a discutir
o “estilo de mastigacdo obeso”, observando que adultos obesos apresentavam maior
tamanho de mordida e uma alimentacdo mais rapida em comparacdo a adultos
eutroficos (FERSTER; NURNBERGER; LEVTIT, 1996). Esta hipotese foi
corroborada pelo estudo de Hill e McCutcheon (1984) que identificaram um maior
tamanho de mordida em individuos de 18 a 25 anos de idade com excesso de peso
(HILL; MCCUTCHEON, 1984).

Estudos mostram que individuos com sobrepeso ou obesos mastigam
diferente dos individuos com peso normal, apresentando menos mastigacées por
grama de alimento ou por mordida (KEANE; GELLER; SCHEIRER, 1981; LI et al.,
2011), e maior ritmo de ingestdo (HILL; MCCUTCHEON, 1984). Uma reviséo
sistematica recente mostrou que comer rapidamente esta associado ao aumento do
indice de massa corporal (IMC) e a alta prevaléncia de excesso de peso entre
adultos (OHKUMA et al., 2015). Estudos descobriram ainda que comer alimentos
mais rapidamente e mastigar menos estd associado ao desenvolvimento da
obesidade (HOLLIS, 2018; MIQUEL-KERGOAT et al., 2015; WHITE et al., 2015).

Mudancas na mastigacdo de individuos com excesso de peso também vém
sendo estudadas durante a infancia e adolescéncia. Pesquisas mostram que o maior
indice de massa corporal (IMC) em criancas esta associado ao processamento
inadequado de material mastigavel (SOARES et al., 2017a); e criangas com maior
grau de obesidade comem mais rapido e tém ciclos mastigatorios mais curtos
(SATO; YOSHIIKE, 2010). Além disso, estudos anteriores observaram que mastigar
lentamente ou aumentar o nimero de ciclos mastigatorios durante as refeicbes esta
associado a um menor risco de sobrepeso e obesidade durante a infancia
(MURAKAMI et al., 2012; OKUBO et al.,, 2019). Ademais, Araujo et al. (2016)
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observaram ainda que criancas de 8 a 10 anos de idade com excesso de peso
apresentam menor forca de mordida do que aquelas com peso normal (ARAUJO et
al., 2016).

Em contrapartida, a hipétese de um “estilo de mastigagdo obeso” apresenta
resultados controversos. Pedroni-Pereira et al. ndo encontraram diferencas no
desempenho mastigatorio de criancas e adolescentes com sobrepeso e obesidade,
analisado pela variacdo de cor de uma goma de mascar (PEDRONI-PEREIRA et al.,
2016). Além disso, o estudo de Sato & Yoshiike ndo encontraram alteracdes na forca
de oclusdo de criangcas com alto grau de obesidade (SATO; YOSHIIKE, 2010).
Berlese et al. analisaram criangcas com obesidade e encontraram caracteristicas
miofuncionais orofaciais normais (BERLESE et al., 2013). Essas contradicdes nos
resultados podem ser decorrentes da heterogeneidade nos métodos de avaliacdo da
mastigacdo, uso de diferentes alimentos / materiais e analise de diferentes
parametros fisiologicos. Essa heterogeneidade torna dificil comparar os achados dos
estudos.

Segundo Tada e Miura (2018), existem duas raz6es possiveis que explicam a
associacado entre mastigacao e obesidade (TADA; MIURA, 2018) (Figura 4). Uma é
gue pessoas com ma funcdo mastigatéria tendem a ter menor consumo de frutas e
vegetais, e maior consumo de alimentos de alta densidade energética, quando
comparadas com individuos que apresentam mastigacdo adequada (TSAI; CHANG,
2011; YOSHIDA et al., 2011), o que causa obesidade. Outra é que menos
sequéncias mastigatérias leva a fendmenos relacionados ao surgimento da
obesidade, como diminuicdo da termogénese induzida pela dieta e inativacao da
histamina neuronal (HAMADA; KASHIMA; HAYASHI, 2014; MORTON et al., 2006;
SAKATA; YOSHIMATSU; KUROKAWA, 1997).
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Figura 4 - Esquema da associacéo entre mastigacao e obesidade.
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Fonte: (TADA; MIURA, 2018)

Considerando a mastigacdo como um dos fatores relacionados ao surgimento
da obesidade, intervencdes direcionadas para o controle do ritmo de alimentacéo,
de forma a prolongar a mastigacéo (LI et al., 2011) e diminuir o tamanho de mordida
(ZIJLSTRA et al., 2009), aumentando o tempo de exposicdo neurossensorial ao
alimento (BOLHUIS et al., 2011), podem se mostrar eficazes no controle do aumento
de peso.

2.5 Aspectos fisiol6gicos da mastigacéo

A mastigacdo atua no processo de digestdo, e tem como objetivo quebrar os
alimentos em particulas menores, adequadas para a posterior absorcéo
gastrointestinal dos nutrientes (PEDERSEN et al., 2002). Ela € um processo
extremamente importante associado a fase cefélica do comportamento alimentar, e
a estimulacdo sensorial provocada pelo contato do alimento com a cavidade oral
pode promover a liberacdo de hormdnios do apetite, como a insulina (TEFF;
MATTES; ENGELMAN, 1991), a ghrelina (AROSIO et al.,, 2004), o peptideo
pancreatico (PP) (AROSIO et al., 2004), a colecistocinina (CCK) (SCHAFMAYER et
al., 1988), o peptideo YY (PYY) (ZHANG et al., 1994) e o peptideo semelhante ao
glucagon (GLP-1) (JANG et al., 2007). Estudos mostram que a alimentacdo oral €
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mais efetiva em induzir saciedade do que infusdes intra gastricas, sugerindo que a
estimulacdo oral promove a saciedade (JORDAN, 1969; LAVIN; FRENCH; READ,
2002).

A mastigacdo € uma das principais fun¢des do sistema estomatognético (SE),
que consiste em um conjunto formado por estruturas estaticas (mandibula, maxila,
arcos dentarios, articulagbes temporomandibulares - ATMs e o0sso hidide) e
dindmicas (muasculos mastigatérios, supra e infra-hidideos e de lingua, labios e
bochecha) que atuam em conjunto, equilibradas e controladas pelo sistema nervoso
central, realizando as func¢des estomatognaticas: succao, respiracdo, degluticdo, fala
e mastigacdo (ANDRADE; CUNHA; REIS, 2017). Fisiologicamente, uma mastigacéo
equilibrada deve produzir estimulos alternados nas diversas estruturas que
compdem o Sistema Estomatognético (GOMES; BIANCHINI, 2009).

A mastigacdo, embora pareca um ato simples, requer a orquestracdo de mais
de 20 musculos orofaciais ou compartimentos musculares e precisa ser coordenada
com a degluticdo e respiracdo (KOLTA et al., 2010). O processo biomecéanico da
mastigacdo é complexo, onde muitas estruturas, tecidos e unidades funcionais estao
envolvidos (SLAVICEK, 2010). Mastigar engloba a abertura e fechamento da
mandibula, secrecdo de saliva e mistura do alimento com a lingua. A mastigacao &
um movimento ritmico automatico, que pode ser feito intencionalmente mais rapido,
mais lento ou mesmo interrompido (POSNICK, 2013; WATANABE, 2014). O ato de
mastigar requer o envolvimento dos musculos, dos dentes e das estruturas de
suporte periodontal, além das articulagdes temporomandibulares, mandibulas,
labios, bochechas, lingua, palato e glandulas salivares (POSNICK, 2013). Quando o
alimento é incisado (geralmente com os dentes anteriores) e levado para o interior
da cavidade oral, ocorre o esmagamento do bolo alimentar, concentrado nos dentes
posteriores.

A cavidade oral e a face sdo compostas basicamente por 14 ossos, divididos
em pares e impares. Os pares sédo: a maxila, concha nasal inferior, zigomatico,
palatino, nasal e lacrimal. Os impares s&o: a mandibula e o vbmer. Os 0ssos
envolvidos na mastigacdo sdo a maxila (maxilar superior) e a mandibula (mandibula

inferior). O palato delimita a parte inferior da maxila. O intervalo entre o palato e a
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mandibula define a cavidade oral. A mandibula e a maxila sdo unidas pela
articulagéo temporomandibular (LE REVEREND; EDELSON; LORET, 2014).

Os Movimentos de mastigacdo sdo executados usando musculos conectados
a maxila e mandibula (LE REVEREND; EDELSON; LORET, 2014). Eles dividem-se
em primarios e acessorios. Os musculos mastigatorios primarios sdo os musculos
masseter, temporal, medial e pterigéideo lateral. JA os musculos acessorios da
mastigacdo sdo o bucinador, os musculos supra-hiéideos (musculo digastrico,
musculo milo-hiéideo e musculo génio-hidideo) e os musculos infra-hidideo (esterno-
hidideo, esternotiredideo, tireo-hidideo e musculo omo-hidideo). Eles trabalham de
maneira coordenada para produzir movimento mandibular para mastigar o0s
alimentos (ALOMAR et al., 2007).

A maturacdo da funcdo mastigatoria ocorre durante um periodo critico de
desenvolvimento do sistema nervoso central, concomitante com a maturacao
morfologica e funcional do complexo craniofacial (GOJO; ABE; IDE, 2002). Além
disso, antes do nascimento e durante a vida poOs-natal precoce o0s musculos
esqueléticos também passam por rapidas mudancas na composicdo de seus
sistemas contratil, regulatério e energético (PERRY, 1970). As modificacdes mais
importantes observadas nos musculos mastigatérios ocorrem apds 0 nascimento
(SHIDA et al., 2005), quando o padrao de ingestdo de alimentos se altera da succao
para a mastigacdo. Segundo Le Révérend et al. (2013), existem evidéncias de que a
idade em que a eficiéncia da mastigacéo se estabiliza e amadurece é entre 8 meses
e 18 anos (LE REVEREND; EDELSON; LORET, 2014). Até os 12 anos de idade a
maxila e a mandibula aumentam consideravelmente de tamanho, o que faz com que
cerca de 90% das alteracoes se instalem (LESSA et al., 2005). O desenvolvimento
do aparelho de mastigacdo permite uma maior variedade de alimentos e texturas a
serem processados pela boca, melhorando, assim, a qualidade nutricional dos
alimentos consumidos (INOUE; SAKASHITA; KAMEGAI, 1995).

Os circuitos que controlam o padrdo dos movimentos mandibulares durante a
mastigacdo estdo localizados dentro de uma pequena regido do tronco encefalico
definida rostralmente pelo ndcleo motor do trigémeo e caudalmente pelo nucleo
facial (NVII) (KOGO; FUNK; CHANDLER, 1996; NAKAMURA; KATAKURA,;
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NAKAJIMA, 1999; TANAKA et al., 1999). O complexo nuclear trigeminal, sobretudo
0s nucleos motor (NVmot), sensorial principal (NVsnpr) e mesencefalico (NVmes) do
trigémeo exercem um papel essencial no controle e modulacdo da mastigagéo
(Figura 5). O NVmot contém motoneurdnios somaticos que inervam os musculos da
mandibula (JACQUIN et al., 1982). O NVsnpr, particularmente a sua parte dorsal
(KOLTA et al., 2007), esta envolvida no controle do ritmo da mastigacao (TSUBOI et
al., 2003). O NVsnpr recebe estimulos da area mastigatoria cortical e dos aferentes
sensoriais trigeminais, e neurbnios da sua parte dorsal projetam aos nucleos
motores trigeminais (KOLTA; WESTBERG; LUND, 2000; LI; TAKADA; MIZUNO,
1993). Além do mais, o NVmes também recebe inervacdo hipotalamica
histaminérgica e orexigénica que facilita o comportamento mastigatério, além de
projetar suas fibras para os nucleos tuberomamilares no hipotalamo posterior. Ele

participa no controle da alimentacdo e modulacéo da saciedade.
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Figura 5 - Representacdo esquematica dos nucleos do tronco cerebral envolvidos
nos movimentos orofaciais e suas conexdes. NVmes: nucleo mesencefalico
trigeminal; NPont: nucleo pontis (caudal e oral); PeriV: area peritrigeminal; NvVmt:
Nucleo motor trigeminal; NVsnpr: nucleo sensorial principal do nervo trigémeo; GPC.:
gerador de padréo central; NVII: nucleo facial; NVspo: area oral do nucleo espinhal
do trato trigémeo; NXII: nacleos motores hipoglossos; NVspi: area interpolar do
ndcleo espinhal do trato trigémeo; NVspc: area caudal do nucleo espinhal do trato

trigémeo.

Fonte: (KOLTA et al., 2010)

A regulacédo da mastigacéo através do complexo nuclear trigeminal influencia
as caracteristicas de disparo eletromiografico de mudsculos que controlam os
movimentos mastigatérios e a duragdo das fases constituintes dos ciclos
mastigatorios (VINYARD et al.,, 2008). Ademais, Sakata et al., (2003) observaram
que, em animais experimentais, a mastigacdo ativa neurdnios histaminérgicos no

ndcleo paraventricular e ventromedial do hipotalamo (SAKATA et al.,, 2003). A
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ativacdo desses neurdnios esta relacionada com a diminuicdo da ingestao alimentar
(FUKAGAWA et al., 1989; OOKUMA et al., 1993; SAKATA, 1995; SAKATA et al.,
1988).

Diante disto, sabe-se que a mastigacdo parece estimular cascatas digestivas
e neuroendodcrinas a fim de otimizar a eficiéncia da digestdo e o metabolismo
(AROSIO et al., 2004), assim como regular, direta e indiretamente, 0s mecanismos
de apetite e saciedade, controlando, dessa maneira, o tamanho e a duragao das
refeicbes (POWER; SCHULKIN, 2008). Ademais, a modulacédo do comportamento
alimentar através da mastigacdo pode ser usada como feedback especifico para
normalizar a ingestdo de alimentos e, assim, normalizar o peso corporal
(IOAKIMIDIS et al., 2012).
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3 HIPOTESES

Criancas com sobrepeso e obesidade apresentam maior consumo de
alimentos ultraprocessados, preferéncia por alimentos com consisténcia pastosa, e

alteracdo no desempenho mastigatorio.

Ratos com obesidade induzida por supernutricdo durante a lactacao
apresentam maior consumo alimentar, alteragdo no desempenho mastigatorio e

alteracdo morfolégica no musculo masseter.
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4 OBJETIVOS

4.1 Objetivo geral
Avaliar o desempenho da mastigacdo em criancas com sobrepeso e

obesidade, e em ratos com obesidade induzida por supernutricdo durante a

lactacéo.

4.2 Objetivos especificos
Em criancas com sobrepeso e obesidade, avaliar:

- Parametros antropométricos;
- Consumo alimentar;
- Preferéncia da consisténcia alimentar;
- Desempenho da mastigacéo.
Em ratos com obesidade induzida por supernutricdo durante a lactacéo, avaliar:
- Crescimento somaético;
- Consumo alimentar;
- Peso do tecido adiposo branco;
- Perfil bioquimico;
- Desempenho da mastigacéo;

- Peso do musculo masseter.
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5 METODOS

5.1 Desenho de estudo
Trata-se de um estudo do tipo translacional, realizado com criancas e animais

experimentais, entre o periodo de marco de 2019 a junho de 2022. Estudos do tipo
translacionais consistem em promover pesquisa interdisciplinar e acelerar a troca
bidirecional entre ciéncia basica e clinica para mover os achados de pesquisa basica
do laboratério para ambientes aplicados envolvendo pacientes e populacdes
(NATIONAL CANCER INSTITUTE - NCI, 2003). Nas ultimas décadas, a pesquisa
translacional vem incorporando mais "etapas" na cadeia de conhecimento,
transbordando de aspectos inerentes a pesquisa e desenvolvimento, chegando a
englobar processos produtivos e mesmo a incorporacdo de novos produtos e
processos nas praticas de cuidado & satde (GUIMARAES, 2013). Descobertas
sobre a relacdo entre alteracbes observadas em modelos humanos despertam
interesse na utilizagdo de modelos experimentais a fim de obter conhecimento sobre

0S mecanismos envolvidos no surgimento de patologias.

O projeto foi financiado pela Coordenacao de Aperfeicoamento de Pessoal de
Nivel Superior (CAPES) (88882.379487/2019-01), e faz parte do grupo de pesquisa
Nutricdo, Atividade Fisica e Plasticidade fenotipica.

5.2 Consideracdes éticas

Para as avaliacbes com criancas, o estudo foi submetido e aprovado pelo
Comité de Etica em Pesquisa do Centro de Ciéncias da Satde da Universidade
Federal de Pernambuco (CEP/ CCS/UFPE) sob o nimero 3.654.541, respeitando os
pressupostos da Resolucédo 466/12 do CNS e so foi iniciado apds sua aprovacao
(Anexo A).

Nas avaliagbes com animais experimentais, 0 manejo e os cuidados seguiram
as recomendacdes da “Diretriz brasileira para o cuidado e a utilizacdo de animais
para fins cientificos e didaticos -DBCA” (CONCEA, 2013) e as “diretrizes para pratica
de eutanasia do Concea” (BRASIL, MINISTERIO DA CIENCIA, 2013). O projeto foi
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submetido e aprovado pela Comissdo de Etica em Experimentacio Animal da
Universidade Federal de Pernambuco (0026/2019) (Anexo B).

5.3 Avaliagbes em criangas

5.3.1 Local de estudo

O presente estudo foi realizado na cidade de Vitéria de Santo Antdo,
localizada na zona da Mata Sul do estado de Pernambuco, distante 55 km do Recife.
A densidade demogréfica é de 341,7 habitantes/km?. Na area de educacéo, a rede
de ensino totaliza 66 estabelecimentos de ensino fundamental com 7797 alunos
matriculados distribuidos em 1.561 na Zona Rural e 6236 na Zona Urbana,

compreendidos entre a faixa etéria dos 7 a 10 anos (INEP, 2017).

5.3.2 Amostra

Este estudo, do tipo transversal, foi realizado com uma amostra de 92
criancas de 7 a 12 anos de idade, de ambos os sexos, estudantes de uma escola
publica do municipio da Vitéria de Santo Antdo, Pernambuco, Brasil. As andlises
realizadas deram continuidade a um estudo de mestrado intitulado “Desempenho
mastigatorio de criangas com sobrepeso e obesidade da Zona Da Mata do estado de
Pernambuco, Brasil’, em que foram analisadas as caracteristicas mastigatorias e o
estado nutricional de 160 criancas de 7 a 10 anos de idade de um municipio da zona

da mata do estado de Pernambuco, Brasil.

O calculo do tamanho da amostra foi feito no programa WinPepi
(ABRAMSON, 2004), utilizando os seguintes critérios: populacao estimada em 160,
intervalo de confianca de 95%, prevaléncia estimada em 16% (de acordo com
estudos prévios do nosso grupo de pesquisa) (SANTOS et al., 2023) e perda

amostral de 20%, totalizando uma amostra de 113 alunos.

Foram coletadas as assinaturas do termo de consentimento livre e
esclarecido (TCLE) (Anexo C) pelo familiar ou representante legal das criancas,
assim como a assinatura do termo de assentimento livre e esclarecido (TALE) pela

crianca (Anexo D), de acordo com as determinagfes da norma 466/2012 do
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Ministério da Saude. Foram estabelecidos como critérios de inclusdo: ambos o0s
sexos e idade entre 7 e 12 anos. Foram excluidos os individuos que apresentem
sinais evidentes de comprometimento neurologico; que tenham histérico de
tratamento ortodontico, terapia fonoaudiolégica de motricidade orofacial, cirurgia
facial ou bariatrica ou que apresentem malformacdes craniofaciais, uso de
medicamentos que interferem no sistema nervoso central (ansioliticos,
antidepressivos, anticonvulsivantes); boca seca ou doencas das glandulas salivares;
meninas que passaram pelo primeiro ciclo menstrual e a recusa do sujeito em

participar da pesquisa. Criancas com magreza também foram excluidas.

ApoOs as avaliacBes, as criancas foram divididas em trés grupos: peso
adequado (= escore Z -2 e <escore Z +1), sobrepeso (= escore Z +1 e <escore Z +2)
e obesidade (= escore Z +2 ), de acordo com os dados de referéncia de IMC para
idade e sexo (DE ONIS et al., 2007).

5.3.3 Avaliacdo dos parametros antropométricos

Foram avaliados os parametros antropométricos de: peso, estatura, indice de
massa corporal (IMC), circunferéncia da cintura (CC), circunferéncia do abdomen
(CA), circunferéncia do quadril (CQ), dobra cuténea tricipital, dobra cutanea

subescapular e relacao cintura/estatura (RCE).

O peso e a estatura das criancas foram medidos com auxilio de uma balanca
digital com precisdo de 100g, modelo Lider® e um estadidmetro compacto modelo
Slim-Fit®, fixo em parede. Estas medidas foram coletadas em duplicata, usando as
técnicas descritas para o Estudo de Referéncia sobre Crescimento Multicéntrico da
OMS (DE ONIS et al., 2007) (Figuras 6 e 7). O calculo dos escores Z do indice de
massa corporal para a idade foi concluido usando o software de computador Anthro
(verséo 7.0) e as curvas de padrdes de crescimento, ambos emitidos pela OMS
(WHO, 2011).



Figura 6 - Analise do peso corporal

(Fonte: SANTOS, 2023)

Figura 7 - Analise da estatura.

L L il

(Fonte: SANTOS, 2023)
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A circunferéncia abdominal foi medida sobre uma linha horizontal imaginaria
gue passa no ponto médio entre a borda inferior da Ultima costela e a crista iliaca
(Figura 8) (Heyward & Stolarczyk, 2000). A circunferéncia da cintura foi medida na
menor circunferéncia entre a ultima costela e a crista iliaca (LOHMAN; ROACHE;
MARTORELL, 1992). A medida da circunferéncia do quadril foi realizada em torno
da parte mais larga do trocanter (nadegas) (KISSEBAH AH & KRAKOWER GR,
1994). A relacdo cintura-altura (RCEst) foi calculada como a circunferéncia da
cintura (cm) dividida pela estatura (cm) (SANTOMAURO et al., 2017). Uma relac&o
cintura-altura superior a 0,5 estd associada a um maior risco de morbidade
relacionada a obesidade (MCCARTHY; ASHWELL, 2006).

Figura 8 - Andlise da circunferéncia da cintura.

(Fonte: SANTOS, 2023)

As dobras cutaneas tricipital e subescapular (mm) foram medidas com um
plicometro clinico (CESCORF®) usando um protocolo padrdo (Figura 9) (LOHMAN;
ROACHE; MARTORELL, 1992). As medidas das dobras cutaneas, assim como as
circunferéncias, foram realizadas no hemisfério direito da regido avaliada, e
repetidas duas vezes a cada localizacédo (LOHMAN; ROACHE; MARTORELL, 1992).
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Figura 9 - Analise das dobras cutaneas.

(Fonte: SANTOS, 2023)

5.3.4 Avaliacéo clinica oral

Para caracterizacdo do estado dentério, e aplicacéo dos critérios de excluséo,
foi realizada uma avaliagdo clinica oral, executada por um dentista devidamente
treinado, sob luz ambiente, usando um abaixador de lingua (Figura 10). Foram
guantificados o niumero de dentes cariados, ausentes e obturados (CPOD) (WHO.
WORLD HEALTH ORGANIZATION, 1997). Dentes deciduos e permanentes foram
considerados juntos, uma vez que as crian¢as possuiam denticdo mista (BERTA et
al., 2005). A ma oclusao dentaria também foi avaliada, por meio da utilizacdo do
indice de ma oclusdo recomendado pela OMS em 1987 (WHO. WORLD HEALTH
ORGANIZATION, 1987) e utilizado em estudos epidemiologicos no Brasil (BRASIL,
2001; USP. UNIVERSITY OF SAO PAULO, 1998), que classifica a oclusao dentaria

em normal, méa ocluséo leve e ma oclusdo moderada / grave.
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Figura 10 - Avaliacao clinica oral.

(Fonte: SANTOS, 2023)

5.3.5 Avaliacdo do consumo alimentar de acordo com o grau de

processamento dos alimentos

Para avaliacdo do consumo alimentar foi aplicado, com as criangas, um
recordatério alimentar de 24 horas (SUITOR, 2002), com o objetivo de avaliar o
consumo de alimentos e bebidas ingeridos nas 24 horas anteriores a entrevista.
Com a ajuda de um album fotografico (SANTOS et al., 2019), as criancas foram
orientadas a relatar, detalhadamente, o tamanho e volume da porgdo consumida,

marcas dos produtos e modo de preparacéo (Figura 11).
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Figura 11 - Aplicacao do recordatoério alimentar de 24 horas.

(Fonte: Santos, 2023)

Os alimentos consumidos, relatados a partir da aplicacdo do recordatério
alimentar de 24 horas, foram classificados e quantificados em trés grupos, de acordo
com a extensao e o0 processamento, que seguiram a proposta do guia alimentar para
a populacéo brasileira (BRASIL, 2014):

(1) Grupo 1 - Alimentos in natura e minimamente processados: vegetais, frutas
frescas, raizes e tubérculos; grdos e cereais; leguminosas; frutas secas,
sucos de frutas ou sucos natural; oleaginosas sem sal ou acucar; farinhas,
macarrdo e massas frescas; carnes; leite fresco, pasteurizado ou
ultrapasteurizado ou em pg, iogurte (sem adi¢cdo de agucar); ovos; chas, café

e agua potavel;

(2) Grupo 2 - Alimentos processados: alimentos em conserva; frutas em calda e
cristalizadas, geléias; carne seca e toucinho; sardinha e atum enlatados;
queijos;

(3) Grupo 3 - Alimentos ultraprocessados: péaes, bolos e produtos panificados;
biscoitos, sorvetes, chocolates, balas e guloseimas em geral; barras de
cereal; cereais matinais com adicdo de acucar; iogurtes e bebidas lacteas
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adocados e aromatizados; bebidas energéticas; produtos congelados e
prontos para aquecimento (massas, pizzas, hambuargueres), extratos de carne
do tipo nuggets, salsichas e outros embutidos, pratos pré-preparados; molhos
prontos; gordura vegetal hidrogenada (margarinas), salgadinhos; molhos;
shacks doces e salgados; refrigerantes e sucos industrializados; carnes,
sopas enlatadas e desidratadas, macarrdo pré-pronto; formulas infantis, leites

de seguimento, alimentos para bebés; adocantes artificiais.

5.3.6 Avaliacdo da preferéncia da consisténcia alimentar

A analise da preferéncia da consisténcia alimentar foi feita com base no
protocolo adaptado de Soares e colaboradores (SOARES et al., 2017b). De acordo
com os alimentos consumidos pelas criancas, referidos através do recordatério
alimentar de 24 horas, foi quantificada a frequéncia diaria da ingestdo de alimentos
sélidos, liquidos e pastosos (SOARES et al., 2017b).

5.3.7 Avaliacdo do desempenho mastigatorio

5.3.7.1 Eletromiografia do feixe superficial do misculo masseter

Para a realizacdo da EMGs foi utillizado o aparelho Miotec®
modelo MIOTOOL 400, composto por seis canais, conectado ao notebook de marca
Samsung® e sistema operacional Windows® 2010. Foi utilizado um cabo de
comunicacdo USB para conexdo entre o eletromiografo e o notebook, além do
software Miograph 2.0, um sistema de aquisicdo de dados provido da possibilidade
de selecado de oito ganhos independentes por canal, no qual foi utilizado o ganho de
1000 e filtro passa-banda de 5 a 60 Hz. Também foram utilizados dois sensores
SDS500 com conexéo por garras, cabo de referéncia (terra) e calibrador.

Na captacdo dos registros eletromiograficos, foram utilizados dois canais de
entrada, correspondentes aos musculos estudados. Foram utilizados 5 eletrodos
ativos de superficie diferenciais simples (3M Brasil Ltda), contendo dorso em

espuma, recoberto em adesivo acrilico, etiqueta frontal de polietileno, pino em ago
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inox 316, contra-pino de polimero ABS com fibra de vidro e coberto com
prata/cloreto de prata, recoberto com polietileno e silicone. Os eletrodos foram
posicionados sob a regido anatdbmica mais proxima o possivel dos musculos
estudados (feixe superficial dos muasculos masseter direito e esquerdo), paralelos
em direcdo as fibras musculares e com as barras de prata perpendiculares as
mesmas, com o objetivo de maximizar a captacao de atividade elétrica e minimizar a
interferéncia de ruido (CRAM, 2010)

Antes da captacdo dos registros eletromiograficos, as criancas foram
previamente treinadas para assegurar a constancia dos resultados. Foi realizada a
higiene da pele na regido dos musculos a serem estudados, com algoddao embebido
em alcool etilico 70%. Para evitar interferéncia eletromagnética durante o exame, e
para protecao das criancas, um eletrodo de referéncia foi fixado em seu antebraco.
(FERLA; DA SILVA; CORREA, 2008a). As criancas foram avaliadas sentadas
confortavelmente em uma cadeira, com o tronco ereto, pés apoiados no chao, e a
cabeca orientada segundo o plano horizontal de Frankfurt, paralelo ao solo (figura
12) (FERLA; DA SILVA; CORREA, 2008a).
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Figura 12 - Avaliacao eletromiografica.

(Fonte: SANTOS, 2023)

Apbs o correto posicionamento dos equipamentos e das criancas, deu-se
inicio a avaliacdo da atividade muscular, que foi realizada por meio de registros
eletromiogréficos bilaterais dos musculos masseter direito e masseter esquerdo,
durante as seguintes tarefas (Figura 13):
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Figura 13 - Atividades realizadas durante a analise da atividade elétrica do

feixe superficial do masculo masseter em criancas de 7 a 12 anos de idade.

%gﬁltfligsig e Repouso Mastigagdo
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3 segundos

Contracdo voluntaria méaxima (CVM): A crianca foi instruida a morder o mais
forte possivel dois rolos de algoddo com 10 mm de espessura, posicionados
bilateralmente nas regides pré-molares e molares, durante 3 segundos (IM et al.,
2017). O seguinte comando verbal foi dado no momento desta avaliagdo: “aperta,
aperta, aperta, aperta... solta”. Esta tarefa foi repetida trés vezes, com um intervalo
de 10s entre cada contracdo. A mediana das trés tentativas de CVM, em pV, foi
usada para andlise posterior (FERRARIO et al., 2007).

Maxima intercuspidacdo (MIC): A crianca foi orientada a apertar os dentes,
contraindo a musculatura mastigatoria bilateralmente e simultaneamente, com
maxima intercuspidacdo dentaria, permanecendo com esta contracdo por 3
segundos. Utilizou-se o seguinte comando verbal: “aperta, aperta, aperta...solta”
(FERLA; DA SILVA; CORREA, 2008b).

Repouso (R): A criancga foi instruida a permanecer em repouso, sem realizar
nenhuma tarefa de fala, mastigacdo ou degluticdo, durante um periodo de 30
segundos. Foi dado o seguinte comando verbal: “Vocé ficara relaxado(a), em
repouso, sem realizar nenhum esforco com a boca, sem falar, mastigar ou deglutir,
até a minha autorizagédo” (PERNAMBUCO et al., 2011).

Mastigacéo habitual (MH): A crianca foi convidada a mastigar, de forma
habitual, um biscoito recheado da marca Bono® (Nestlé Brasil Ltda), até deglutir
completamente toda a por¢cdo (CICCONE DE FARIA et al., 2010). A escolha deste
alimento ocorreu por seu facil manuseio, por ter uma boa aceitacéo entre criangas, e
por ser utilizado em protocolos de anélise miofuncional orofacial (FELICIO:;
FERREIRA, 2008; FOLHA; VALERA; DE FELICIO, 2015) .
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Para a analise quantitativa dos dados obtidos, foi utilizado o processamento
digital do sinal mioelétrico no dominio da amplitude em Root Mean Square (RMS). A
andlise do sinal eletromiogréfico foi realizada considerando como valor de referéncia
(100%) a média em uV das trés repeticbes solicitadas na tarefa de CVM. Todos o0s
sinais foram analisados em termos de porcentagem deste valor de referéncia, para
cada sujeito (GADOTTI et al., 2020).

5.3.7.2 Avaliacdo dos movimentos mandibulares mastigatorios

Foi realizada a avaliacdo do desempenho da funcdo mastigatéria por meio da
analise dos movimentos mandibulares durante a mastigacédo. Esta analise foi feita
usando um biscoito recheado da marca Bono® (Nestlé Brasil Ltda., Marilia, SP,

Brasil).

As avaliacOes foram registradas usando uma camera (Sony Cyber Shot DSC-
HX300, Sédo Paulo, Brasil) e as respectivas andlises foram feitas por dois
examinadores devidamente habilitados e treinados. A mastigacao foi registrada com
a crianca sentada em uma cadeira com um encosto, 0s pés posicionados no chéo, a
uma distancia padronizada (1 m) das lentes da camera (Figura 14) (WHITAKER,
TRINDADE JUNIOR; GENARO, 2009). As criancas foram orientadas a mastigar o

biscoito recheado de forma habitual (mastigacao livre).
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Figura 14 - Filmagem dos movimentos mandibulares mastigatorios.

(Fonte: SANTOS, 2023)

O desempenho mastigatorio foi determinado pela quantificagdo dos
parametros fisiolégicos da mastigacdo, detalhados em outros estudos (PARK; SHIN,
2015; PEREIRA; VAN DER BILT, 2016; SANTOS et al., 2023), conforme descrito na
tabela 1. O numero de ciclos mastigatorios, a taxa de mastigacdo e a frequéncia
mastigatoria foram contabilizados considerando a primeira sequéncia mastigatéria

de cada criancga.
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Tabela 1. Descricdo dos parametros mastigatérios avaliados em criancas

Parametros Descricao

Numero de sequéncias mastigatorias Numero de movimentos mastigatorios realizados desde a
incisdo até a degluticdo do alimento.

Numero de ciclos mastigatorios* Numero de movimentos de abertura/fechamento da
mandibula, por degluticéo.

Tempo de mastigagéo* Tempo utilizado para a realiza¢gdo dos movimentos de
abertura/fechamento da mandibula.

Frequéncia mastigatoria* (ciclos/s) Numero de movimentos de abertura/fechamento da
mandibula por segundo (Nimero de ciclos / tempo de
mastiga¢gdo em segundos).

Tempo de refeigéo (s) Tempo necessario para ingerir completamente o alimento.

Taxa de mastigagéo (ciclos/min) Numero de movimentos de abertura/fechamento da
mandibula por minuto (NUmero total de ciclos mastigatorios
/ tempo de refeicdo em minutos).

*Considerou-se apenas a primeira sequéncia mastigatoria.

5.3.7.3 Avaliacao miofuncional orofacial

Para avaliacdo miofuncional orofacial foi utilizado o protocolo de escores
expandidos (OMES-e) (FELICIO et al., 2010), durante a mastigacdo de um biscoito
recheado. A partir deste protocolo foram observados os seguintes aspectos da
mastigacao: incisdo alimentar (incisivo / canino / pré-molar / mordida molar); tipo de
mastigacao (unilateral / bilateral); movimentos da cabeca ou outras partes do corpo
durante a funcdo mastigatoria; fuga de alimentos durante a mastigacéo; e, duracéo
da atividade mastigatoria. Nesse protocolo, quanto maior o escore encontrado,

melhor o desempenho miofuncional orofacial.

5.4 Avaliacbes no modelo animal

5.4.1 Animais e grupos experimentais
Foram utilizados 48 ratos machos da raca Rattus Novergicus Albinus, da
linhagem Wistar, provenientes de 24 ratas progenitoras da colénia do Biotério de

criacdo do Departamento de Nutricdo. As ratas progenitoras foram escolhidas
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conforme os seguintes critérios: sem parentesco familiar, idade entre 90 e 120 dias
de vida, peso entre 220 e 250 gramas e primiparas. Estes cuidados foram adotados

para minimizar possiveis influéncias genéticas e fisiologicas nos resultados.

Os grupos experimentais foram obtidos aleatoriamente de acordo com o
tamanho da ninhada durante a lactacdo. Ratas em periodo estral (n=24) foram
acasaladas na proporcao de 2 fémeas para 1 macho e mantidas a uma temperatura
ambiente de 23 + 1°C em um ciclo de 12 horas claro-escuro (luz 08hs-20hs) com
livre acesso a agua e racdo comercial (Labina - Presence®) durante a gestacdo e
lactacdo. Vinte e quatro horas apds o nascimento, os filhotes machos (n=48) foram
distribuidos aleatoriamente em uma proporcao de 9 ratos por mae. Com trés dias de
idade, esses ratos foram designados para maes que amamentam em grupos de 9
filhotes (grupo controle, C) ou 3 filhotes (grupo supernutrido, S). A reducéo do
tamanho da ninhada aumenta o suprimento de alimentos para a prole, conforme
descrito anteriormente (DA SILVA et al., 2019; PLAGEMANN et al., 2009).

Aos 22 dias de idade, os animais foram desmamados e alocados em gaiolas
com 3 animais até a realizacdo das analises. Estes ratos foram mantidos no Biotério
do Departamento de Nutricdo — UFPE desde o periodo de adaptacéo até o final dos
experimentos. Foram estabelecidas condicfes padrdao de biotério (temperatura de
23°C+1, ciclo claro-escuro de 12/12 horas - escuro: 8:00h as 20:00h / claro: 20:00h
as 8:00h), livre acesso a agua e a alimentacdo. O esquema de todo periodo
experimental esta descrito na figura 15.
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Figura 15 - Esquema do delineamento experimental.
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5.4.2 Andlise do crescimento somatico

5.4.2.1 Peso corporal
O peso corporal dos filhotes (C, n=24; S, n=24) foi analisado em 3, 7, 14, 21 e
30 dias de vida pés-natal. Para mensuracdo do peso corporal, foi utilizada uma

balanca eletronica digital (Marte®).

5.4.2.2 Comprimento naso-anal

Os animais foram submetidos a avaliacbes do comprimento naso-anal (C,
n=24; S, n=24) em 3, 7, 14 e 21 dias de vida po0s-natal, 1 hora ap0s o inicio do ciclo
escuro (SILVA et al.,, 2005). Para obter esta medida, foi utilizado um paquimetro

digital com acuracia de 0,01mm.



63

5.4.3 Andlise do desempenho mastigatério e consumo alimentar

O desempenho mastigatério (C, n=12; S, n=12), analisado pela quantificacdo
dos movimentos mandibulares durante a mastigacdo, foi avaliado nos filhotes no
22° e 29° dias de vida pos-natal, de acordo com o protocolo de Ferraz-Pereira et al.
(2013) (FERRAZ-PEREIRA et al., 2013b) e Lacerda et al. (2017) (LACERDA et al.,
2017b). Inicialmente os animais foram submetidos a um periodo de trés horas de
privacao alimentar (8:00 as 11:00h). Em seguida (das 11:00 as 12:00h), os animais
foram alocados individualmente em uma gaiola de acrilico transparente, e filmados
(por 15 minutos cada) para quantificacdo dos parametros motores da mastigacao
(figura 16). No inicio da filmagem foi ofertada para o animal cerca 30g de racdo
(nuvilab®) (devidamente pesada), e, apos os 15 minutos em contato com o alimento,
a racdo foi pesada novamente. Através da diferenca entre a quantidade de racdo
ofertada (RO) e a quantidade de racdo rejeitada (RJ) determinado o consumo

alimentar do animal.

Figura 16- Avaliacdo do desempenho mastigatério dos ratos.

(Fonte: SANTOS, 2023)

A partir da analise dos videos, foram quantificados os seguintes parametros:
namero de sequéncias mastigatorias, duracdo das sequéncias mastigatorias (s),

guantidade de ciclos mastigatorios, e a taxa mastigatoria (sequéncias/s) (tabela 2). A
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analise dos parametros motores da funcdo mastigatéria foi realizada com o objetivo

de mensurar o desempenho da mastigacao, isto €, a capacidade da mastigacdo em

triturar o alimento em microparticulas para formagéo do bolo alimentar.

Tabela 2. Descri¢cdo dos parametros mastigatérios avaliados em ratos

Parametros

Descricdo

Numero de sequéncias mastigatérias

NUmero de movimentos mastigatorios realizados desde o
periodo de incisdo até a degluticdo do alimento.

O periodo de incisdo, também denominado de periodo
preparatorio, ocorre quando o animal obtém o alimento a partir de
sucessivas incises e em seguida transfere para a superficie
oclusal. Este periodo é marcado por movimentos irregulares de
abrir-fechar a mandibula.

Duragdo das sequéncias
mastigatorias (s)

Tempo utilizado para a realizagdo das sequéncias
mastigatorias.

Quantidade de ciclos mastigatorios

Numero de movimentos de abertura/fechamento da
mandibula, por degluticao.

Os ciclos mastigatorios sdo movimentos de mastigacao ritmica
caracterizado por movimentos verticais e regulares da mandibula,
a fim de triturar e pulverizar o alimento entre os molares superiores
e inferiores

Taxa mastigatdria (sequéncias/s)

Ndmero de movimentos de abertura/fechamento da
mandibula por segundo (NUmero total de sequéncias
mastigatorias/duracéo das sequéncias mastigatdrias em
segundos).

Para garantir a confiabilidade das analises, os videos foram analisados e

quantificados por dois avaliadores treinados e cegos para o conhecimento de qual

grupo experimental pertencia cada animal. Esta estratégia foi realizada com o

objetivo de minimizar a influéncia do risco de viés de mensuracao dos resultados.

5.4.4 Analise do perfil bioquimico

Ao completar 30 dias de vida, os animais foram submetidos a eutanasia por

decapitacdo (C, n=10; S, n=10), com o auxilio de uma guilhotina (Insight® - modelo

EB271) em horério padronizado (11:00 horas). Esse procedimento foi realizado de
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forma rapida, por manipulador treinado, visando minimizar o sofrimento e estresse
nos animais. Imediatamente apds a decapitacdo o sangue dos animais foi coletado,
com auxilio do funil, e acondicionado em microtubos. As amostras de sangue foram
centrifugadas a 3500rpm durante 20 minutos. O soro coletado foi posteriormente

congelado em ultrafreezer -82°C até o momento das analises (CHAVES et al., 2020).

Foi considerado o perfil bioquimico do animal o conjunto de resultados das
avaliacfes dos niveis séricos de colesterol total, triglicerideos e glicose. As anélises
foram feitas através de ensaio colorimétrico de ponto final, cuja leitura foi realizada
em espectrofotbmetro EPOCH™ (BIOTEK®, Winooski, Vermont, USA). Para tais,
foram utilizados kits de colesterol total, triglicerideos e glicose da Bioclin® (Belo
Horizonte, Minas Gerais, Brasil). Todas as amostras foram analisadas em triplicata.

5.4.5 Quantificacao do tecido adiposo branco

Aos 30 dias de vida, apds a decapitacao, foram coletadas as gorduras dos
seguintes coxins dos animais (C, n=8; S, n=12): (1) inguinal: compreendido como o
depdsito de gordura localizado na regido interna da coxa; (2) epididimal: aderido ao
epididimo do animal; (3) mesentérico: todo o coxim aderido aos intestinos; (4)
retroperitoneal: localizado na regido intra-abdominal posterior, adjacente ao rim; (5)
perirrenal: localizado na porcao superior dos rins. Foi padronizado o lado esquerdo
do animal para a retirada das amostras. A técnica foi realizada sempre pelo mesmo
manipulador. As gorduras foram pesadas individualmente em balanca eletronica
semi-analitica com precisdo de 0,01g (modelo BL3200H, Marte). Foi calculado o
peso relativo de cada gordura (PRG) através da seguinte férmula:

PRG: Peso da gordura x 100
Peso corporal

5.4.6 Avaliagdo do peso do musculo masseter

No 30° dia pés-natal os animais foram sacrificados por decapitagédo (C, n=8;

S, n=12). O feixe superficial dos musculos masseter direito e esquerdo foi dissecado
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e imediatamente pesado. A massa (g) de cada musculo (MM) foi mensurada. Foi

calculado o peso relativo de cada musculo (PRM) através da seguinte férmula:

PRM: Peso do musculo x 100
Peso corporal

5.5 Analise estatistica
Um estudo-piloto foi conduzido antes do inicio da coleta de dados para

verificar a reprodutibilidade das medidas coletadas, bem como a efetividade na
aplicacdo dos protocolos. A construcdo do banco de dados foi realizada no

programa Microsoft Excel 2016®.

A descricdo das variaveis categoricas foi realizada por meio de frequéncia
absoluta (n) e frequéncia relativa (%), e das variaveis numéricas através de média e
desvio padrdo, mediana e intervalo interquartil (11Q). A normalidade dos dados foi
testada através do teste de Kolmogorov-Smirnov (experimento com criancas) e
Shapiro Wilk (experimento com animais). Para os dados que apresentaram desvio

da distribuicdo normal foram utilizados testes ndo paramétricos.

No experimento com criangas, para comparar as variaveis categéricas foi
utiizado o teste qui-quadrado de Pearson. Para comparacdo das variaveis
numeéricas foi aplicado o teste paramétrico ANOVA One-Way e, quando aplicavel,
seu correspondente ndo paramétrico (teste de Kruskal-Wallis). Na comparacdo das
varidveis mastigatdrias de acordo com o ponto de corte da relacdo cintura/estatura
foi utilizado o teste t para amostras independentes, e, neste caso, o teste U de Mann
Whitney foi usado para variaveis ndo normalmente distribuidas. Ja no experimento
com animais, a comparacdo das variaveis numéricas foi feita através do teste T, e,
quando aplicavel, seu correspondente ndao paramétrico (teste de Mann-Whitney).
Para analise do peso corporal, nas diferentes semanas, foi empregado o teste
Anova Two-way (fatores: manipulagdo nutricional e tempo) com pos teste de tukey,
e, quando aplicavel, seu correspondente ndo paramétrico (teste de Kruskal Wallis
com pos teste de Dunn). Foi estabelecido como nivel de significancia estatistica o
valor de p< 0,05. As analises foram feitas nos programas SPSS® verséao 20.0, no

software SigmaStat® versao 5.0 e no GraphPad Prism 5®.
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6. RESULTADOS

Os resultados abaixo estdo divididos de acordo com o modelo experimental
(criancas e ratos), e foram expostos visando a elaboracdo de dois artigos, um
referente a pesquisa envolvendo modelo humano, ja publicado na revista Physiology
& Behavior (qualis A2, Fl: 3,742) (anexo E), e outro com modelo animal, a ser
submetido ao British Journal of Nutrition (qualis Al, FI. 4,125). Além dos artigos
acima citados, outros manuscritos, fruto do doutoramento, ja foram publicados
(anexo F, anexo G e anexo H). Adicionalmente, uma carta ao editor sobre a
importancia da pesquisa translacional no estudo dos distarbios orofaciais sera

submetida ao Journal of Communication Disorders (qualis Al, Fl: 1,864).

6.1 Experimento com criangas

6.1.1 Avaliacdo antropomeétrica

A caracterizagdo antropométrica da amostra de criancas de 7 a 12 anos de
idade, com peso adequado, sobrepeso e obesidade, € mostrada na tabela 3.
Destacamos, na amostra estudada, o elevado percentual de criangas com excesso
de peso (47,9%), assim como a alta frequéncia de criangas com obesidade instalada
(19,6%). As criancas com obesidade, quando comparadas as criancas de peso
adequado, apresentaram maiores medidas de peso corporal (p<0,001), IMC
(p<0,001), circunferéncia da cintura (p<0,001), circunferéncia do abddémen
(p<0,001), circunferéncia do quadril (p<0,001), prega cutanea tricipital (p<0,001) e
prega cutanea subescapular (p<0,001).
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Tabela 3. Caracterizacdo antropométrica de criancas de 7 a 12 anos de idade, com
peso adequado, sobrepeso e obesidade.

PESO ADEQUADO SOBREPESO OBESIDADE
n % n % n % p
Criancas 48 52,2 26 28,3 18 19,6
Sexo
Feminino 32 56,1 18 31,6 7 12,3 0,078
Masculino 16 45,7 8 229 11 31,4
Idade
7 anos 2 40,0 1 20,0 2 40,0
8 anos 10 55,6 5 27,8 3 16,7
9 anos 8 47,1 35,3 3 17,6 -
10 anos 20 50,0 11 27,5 9 225
11 anos 6 60,0 3 30,0 1 10,0
12 anos 2 100,0 0 0,0 0 0,0
Mediana 1Q Mediana Qo Mediana 1Q p
Idade (anos) 10,00 8,00- 10,00 8,25- 10,00 8,00- 0,755
10,00 10,00 10,00
Peso (Kg) 29,95 26,55- 39,700 35,72- 45502 40,85- <0,001*
34,52 43,12 52,90
Estatura (cm)* 136,00 121,75- 140,00 134,50- 137,00 137,00- 0,664
146,00 144,50 153,20
IMC (Kg/m?) 16,25 14,70- 20,15v 19,77- 24,703 23,45- <0,001*
17,65 21,07 26,45
Peso ao nascer 3300,00 2837,50- 3390,00 2640,00- 3500,00 3310,00- 0,201
9) 3725,00 3675,00 3850,00
Circunferéncia da 57,00 54,00- 67,00° 64,12- 76,00¢2c 73,00- <0,001*
cintura (cm) 60,25 69,00 81,25
Circunferéncia do 59,00 56,50- 71,75° 69,00- 81,002 76,00- <0,001*
abddémen (cm 64,25 74,00 86,00
Circunferéncia do 71,50 68,00- 82,00° 76,50- 88,003 83,25- <0,001*
quadril (cm)# 77,00 85,00 94,25
Prega cuténea 11,50 10,00- 19,000 17,00- 24,002 19,00- <0,001*
tricipital 16,00 20,00 27,00
Prega cutanea 6,50 5,00- 14,00° 10,00- 20,002 15,50- <0,001*
subescapular 10,00 16,00 22,00
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Comparacédo das variaveis categoéricas: Teste Qui-quadrado de Pearson; #*Variaveis
com distribuicdo normal. Comparacéao de variaveis numéricas: Teste Kruskal-Wallis
(ANOVA One-Way para variaveis com distribuicdo normal). a: diferenca entre o
grupo obeso e o grupo com peso adequado; b: diferenca entre o grupo sobrepeso e
0 grupo com peso adequado; c: diferenca entre 0 grupo obeso e o grupo com

sobrepeso. *p<0,05.

6.1.2 Avaliacao clinica oral

A tabela 4 mostra a caracterizagao clinica oral de criancas de 7 a 12 anos de
idade, com peso adequado, sobrepeso e obesidade. Nado houve diferenca em
relacdo a oclusdo dentaria de diferentes estados nutricionais (p=0,655). Da mesma
forma, ndo foram encontradas diferencas na quantidade de dentes ausentes (p-
0,059), dentes cariados (p=0,081), e dentes restaurados (p=0,098) entre os trés

grupos.

Tabela 4. Caracterizacédo clinica oral de criancas de 7 a 12 anos de idade, com peso

adequado, sobrepeso e obesidade.

PESO ADEQUADO SOBREPESO OBESIDADE
(n=48) (n=26) (n=18)
n % n % n % P
Oclusao dentéria
Normal 30 49,2 19 31,1 12 19,7 0,655
Ma ocluséo leve 18 58,1 7 22,6 6 19,4
Mediana 1Q Mediana 1Q Mediana 1Q P
Dentes ausentes 0,00 0,00- 0,00 0,00- 0,00 0,00- 0,059
0,50 0,00 0,00
Dentes restaurados 0,00 0,00- 0,00 0,00- 0,00 0,00- 0,098
1,00 0,00 0,00
Dentes cariados 0,00 0,00- 0,00 0,00- 0,00 0,00 0,081
2,00 1,00

Comparacdo das variaveis categoricas: Teste Qui-quadrado de Pearson;
Comparacéo de variaveis numéricas: Teste de Kruskal-Wallis.
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6.1.3 Avaliacdo da preferéncia da consisténcia alimentar

A preferéncia da consisténcia alimentar de criancas de 7 a 12 anos de idade,
com peso adequado, sobrepeso e obesidade, esta mostrada na tabela 5. Nao foram
encontradas diferencas em relagdo ao consumo de alimentos solidos (p=0,744),
liquidos (p=0,452) e pastosos (0,086), de acordo com o estado nutricional.

Tabela 5. Preferéncia da consisténcia alimentar de criancas de 7 a 12 anos de

idade, com peso adequado, sobrepeso e obesidade.

PESO ADEQUADO SOBREPESO OBESIDADE
(n=48) (n=26) (n=18)
Mediana o] Mediana Qo Mediana 1Q P
Alimentos sdlidos 8,50 7,00-10,00 8,00 7,00-9,00 8,00 6,00- 0,744
10,00
Alimentos liquidos 2,00 1,50-4,00 2,00 1,75-3,00 2,00 2,00-4,00 0,452
Alimentos pastosos 0,00 0,00-0,75 0,00 0,00-0,00 0,00 0,00-1,00 0,086

Teste Kruskal-Wallis. *p<0,05.

6.1.4 Avaliacdo do consumo alimentar de acordo com o0 grau de

processamento dos alimentos

A tabela 6 traz a frequéncia do consumo de alimentos in natura, processados
e ultraprocessados. Destacamos que as criangas com sobrepeso e obesidade (p=
0,026) apresentaram menor consumo de alimentos in natura e minimamente
processados em comparacao as criangcas com peso adequado. Adicionalmente, as
criancas com obesidade (p=0,011) apresentaram maior consumo de alimentos

ultraprocessados em relacéo as criancas de peso adequado.



71

Tabela 6. Consumo de alimentos in natura, processados e ultraprocessados por

criancas de 7 a 12 anos de idade, com peso adequado, sobrepeso e obesidade.

PESO ADEQUADO SOBREPESO OBESIDADE
(N=48) (N=26) (N=18) P

Mediana 1Q Mediana 1Q Mediana 1Q
Alimentos in natura 4,00 3,00- 3,00¢P 2,00- 3,002 2,00- 0,026*
€ minimamente 5,00 4,00 4,00
processados
Alimentos 0,50 0,00- 1,00 0,00- 1,00 0,00- 0,303
processados 1,00 1,00 1,00
Alimentos 2,00 1,00- 3,00 2,00- 4,002 2,00- 0,011*
ultraprocessados 3,00 3,00 4,00

Teste de Kruskal-Wallis e Poés-teste de Dunn. 2 Diferencas entre 0 grupo com
obesidade e o grupo com peso adequado. *p<0,05. PDiferencas entre o grupo com

sobrepeso e o grupo com peso adequado.

6.1.5 Avaliacdo do desempenho mastigatdrio — eletromiografia do feixe
superficial do masculo masseter

A tabela 7 mostra a atividade elétrica do muasculo masseter direito e esquerdo
de criancas com peso adequado, sobrepeso e obesidade, durante a mastigacao
habitual de um biscoito recheado, ndo encontramos diferencas significativas para as
atividades de CVM, MIC, mastigacéo habitual e repouso.
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Tabela 7. Média da atividade elétrica do musculo masseter de criancas com peso

adequado, sobrepeso e obesidade, durante a mastigacado habitual de um biscoito

recheado.
PESO ADEQUADO SOBREPESO OBESIDADE
(n=48) (n=26) (n=18)
Méaxima Intercuspidacao
Mediana 1Q Mediana Qo Mediana o P
Masseter direito (%) 101,568 68,510- 70,105 58,005- 96,725 59,572- 0,068
177,747 109,285 117,777
Masseter esquerdo 19,060 15,110- 19,270 13,170- 23,810 15,350- 0,235
(%) 24,345 21,890 30,000
Repouso
Mediana 1Q Mediana o Mediana [e; P
Masseter direito (%) 3,470 2,150- 4,085 3,230- 4,125 2,480- 0,194
5,330 6,440 8,800
Masseter esquerdo 3,830 2,115- 4,425 3,060- 5,510 2,870- 0,202
(%) 5,560 5,540 14,350
Mastigacdo Habitual
Mediana 1Q Mediana 1Q Mediana 1Q P
Masseter direito (%) 17,810 12,550- 19,095 12,490- 14,940 11,040- 0,503
26,500 26,420 19,760
Masseter esquerdo 18,370 12,880- 17,505 14,790- 16,280 13,230- 0,666
(%) 27,975 20,100 22,710

Teste de Kruskal-Wallis e Pés-teste de Dunn (#Anova One Way/Dados expressos
em média + dp). @ Diferencas entre o grupo com obesidade e 0 grupo com peso

adequado. *p<0,05.
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6.1.6 Avaliacdo da concordancia inter-examinador para a analise dos

movimentos mandibulares mastigatorios

A tabela 8 mostra a concordancia inter-examinador da andlise dos
movimentos mandibulares mastigatorios das criancas. A concordancia variou de
substancial (taxa mastigatéria) a quase perfeita (sequéncias mastigatorias, mediana
dos ciclos mastigatorios, tempo de refeicdo e OMES-e score) (LANDIS; KOCH,
1977).

Tabela 8. Coeficientes de correlacao intraclasse (ICC) da analise dos parametros
mastigatorios e da avaliacdo miofuncional orofacial em criancas de 7 a 12 anos,

medidos por dois examinadores.

Examinador 1 Examinador 2
Pardmetros mastigatérios n Mediana Q1-Q3 Mediana Q1-Q3 ICC
Sequéncia mastigatodria 92 3,00 2,00-4,00 3,00 2,00-4,00 0,900
Mediana dos Ciclos 92 20,00 17,00- 21,50 17,00- 0,912
mastigatorios 27,00 28,00
Taxa mastigatdria (ciclos/min) 92 64,28 57,73- 68,76 58,88- 0,743
73,25 73,71
Tempo de refeicéo (s) 92 61,00 52,00- 59,00 48,00- 0,969
75,00 73,00
OMES-e Score 92 19,00 16,00- 20,00 16,00- 0,848
20,00 20,00

6.1.7 Avaliagdo do desempenho mastigatorio — movimentos mandibulares
mastigatorios

Os resultados associados a quantificacdo dos movimentos mandibulares
mastigatorios, durante a mastigacdo habitual de um biscoito recheado, estdo
expostos na tabela 9. Encontramos que as criancas com obesidade realizam menos
sequéncias mastigatérias (p= 0,007) e apresentam menor tempo de refeicdo

(p=0,026) em comparac¢ao as criangas com peso adequado.
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Tabela 9. Desempenho mastigatério de criangas com peso adequado, sobrepeso e

obesidade, durante a mastigacéo habitual de um biscoito recheado.

PESO ADEQUADO SOBREPESO OBESIDADE
(n=48) (n=26) (n=18)
Mediana 1Q Mediana Q Mediana 1Q p
Sequéncias 3,00 3,00-4,00 3,00 2,00-4,00 2,002  2,00-3,00 0,007*
mastigatorias
Ciclos mastigatorios 21,00 13,50- 22,00 17,00- 26,50 20,00- 0,336
30,50 27,00 35,00
Tempo de 16,27 9,86-22,62 15,87 12,10- 19,47 10,70- 0,572
mastigacéo (s) 19,10 27,00
Frequéncia 0,67 0,59-,075 0,69 0,59-0,75 0,64 0,59-0,75 0,840
mastigatoria
(ciclos/s)
OMES-e Score 20,00 15,00- 18,50 16,00- 19,50 16,00- 0,766
20,00 20,00 20,00
Tempo de refeicdo 72,00 59,50- 71,50 61,00- 58,502 48,00- 0,026*
(s) 92,50 85,00 69,00
Taxa mastigatdria 64,45 +10,42 64,84 +11,39 65,15 +9,52 0,969

(ciclos/min) #

Teste de Kruskal-Wallis e Pds-teste de Dunn. #Anova One Way/Dados expressos

em média + dp @ Diferencas entre 0 grupo com obesidade e o grupo com peso

adequado. *p<0,05.

6.1.8 Anélise do desempenho mastigatério de acordo com o ponto de corte da

relagdo cintura/estatura

A avaliacdo da atividade mastigatoria das criancas de acordo com a relacao

cintura/estatura (tabela 10) constatou que criangas com RCE maior que o ponto de

corte de 0,5 apresentaram maior atividade elétrica do musculo masseter direito

(p=0,018) e esquerdo (p=0,007) durante 0 repouso e gastaram menos tempo

comendo (p=0,046) em comparac¢ao com criangas com RCE < 0,5.
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Tabela 10. Média da atividade elétrica do musculo masseter e movimentos
mandibulares mastigatorios de criancas classificadas de acordo com a relacdo

cintura/estatura.

RCE <0.5 (N=65) RCE >0.5 (N=27)

Atividade elétrica do mUsculo masseter

Mediana nQ Mediana 1Q p
Méaxima intercuspidacao
Masseter direito (%) 18,65 14,96-22,06 21,35 14,03-29,23 0,276
Masseter esquerdo (%) 18,89 14,44-22,75 21,89 18,23-30,00 0,052
Repouso
Masseter direito (%) 3,76 2,16-5,22 4,36 3,55-7,29 0,018*
Masseter esquerdo (%) 3,88 2,05-5,41 5,09 3,80-12,02 0,007*
Mastigacdo habitual
Masseter direito (%) 18,01 12,46-26,74 15,85 11,48-24,58 0,515
Masseter esquerdo (%) 17,75 13,00-23,40 17,36 14,15-25,67 0,938
Mediana Q Mediana 1Q p
Sequéncias mastigatérias 63,00 52,75-86,00 58,00 46,50-66,50 0,092
Ciclos mastigatérios 21,00 14,00-29,00 25,00 17,75-34,75 0,172
Tempo de mastigagéo (s) 16,35 10,23-21.91 17,25 12,33-25,58 0,294
Frequéncia mastigatoria 1,37 1,18-1,52 1,28 1,18-1,50 0,563
(ciclos/s)
OMES-e Score 20,00 16,00-20,00 19,00 16,00-20,00 0,626
Tempo de refeicéo (s) 72,00 59,75-91,50 64,00 53,50-72,75 0,046*
Taxa mastigatdria 64,50 +10,50 65,17 +10,42 0,780

(ciclos/min) #

Teste T (#Teste de Mann Whitney / dados expressos através de média + DP).
*p<0,05

6.2 Experimento com ratos
6.2.1 Peso corporal

O peso corporal dos ratos de ambos os grupos (controle e supernutricdo)

aumentou progressivamente do terceiro ao trigésimo dia de vida (figura 17).
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Entretanto, o peso dos animais submetidos a supernutricdo durante a lactacéo foi
maior, em comparacao ao peso do grupo controle, a partir do décimo quarto dia de
vida (mediana=33,18, 11Q=34,73-30,92. p<0,001), se mantendo maior no vigésimo
primeiro (mediana=55,41, 11Q=56,3-52,9. p<0,001) e no trigésimo dia de vida pos-
natal (mediana=101,00, 11Q=105,6-98,00. p<0,001).
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Figura 17. Efeito da supernutricdo neonatal, induzida pela reducdo do tamanho da
ninhada durante a lactacdo, sobre o peso corporal dos ratos do grupo controle
(n=24) e do grupo supernutricdo (n=24). Teste de Kruskal Wallis e poOs teste de

Tukey (*p<0,001). Dado exposto em mediana e intervalo interquartil.

6.2.2 Comprimento naso-anal

A figura 18 mostra o comprimento naso-anal dos animais aos 3, 7, 14 e 21
dias vida poés-natal. Observamos que aos 14 dias (média £ dp = 93,35 + 6,66;
p<0,001) e aos 21 dias (média + dp = 57,89 + 6,87; p<0,001) houve diferengas, uma

vez gue o0s ratos supernutridos apresentaram maior comprimento naso-anal em
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comparacao ao grupo controle (média + dp = 87,34 + 10,91 / média + dp =97,06 +

7,10).
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Figura 18. Efeito da supernutricdo neonatal, induzida pela reducdo do tamanho da
ninhada durante a lactagcdo, sobre o comprimento naso-anal dos ratos do grupo
controle (n=24) e do grupo supernutricdo (n=24). Anova two way e pdés teste de

Tukey (p<0,001). Dado exposto em média + desvio padrao.

6.2.3 Analise bioquimica sanguinea

Ao comparar o perfil bioquimico dos animais dos grupos controle e
supenutricdo (tabela 11), encontramos que 0s animais supernutridos apresentaram
maiores niveis de colesterol (mediana=71,56, 1IQ= 66,58-72,51, p=0,026) em
comparacao ao grupo controle (mediana=72,98, 11Q= 72,51-74,88). Entretanto, nédo

encontramos diferencas nos niveis de glicose e triglicerideos.

Tabela 11. Perfil bioquimico dos animais dos grupos controle e supernutrido, aos 30

dias de vida pés-natal.
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Parametro bioquimico Grupo controle (n=10) Grupo supernutricéo (n=10)

Média = dp Média + dp p
Glicose (mg/dL) 133,34 £ 13,92 140,90 + 8,70 0,177
Triglicerideos (mg/dL) 148,69 £ 19,78 157,86 + 14,78 0,276
Colesterol total (mg/dL)* 71,56 /66,58-72,51 72,98 /72,51-74,88 0,026*

Teste t (#Teste U de Mann Whitney — Dados expressos em mediana e intervalo

interquartil). *p<0,05

6.2.4 Peso absoluto das gorduras

O peso absoluto dos coxins de gordura dos animais estéa exposto na figura 19.
Observamos que 0 grupo supernutricAo apresentou maiores quantidades das
gorduras inguinal (médiatz dp= 0,855+0,158, p<0,001), epididimal (médiatdp=
0,120+0,046, p<0,001), mesentérica (mediana = 0,879, 11Q= 0,722-1,142, p<0,001) e
retroperitoneal (médiatdp= 0,106+0,05, p=0,017) em compara¢do ao grupo controle
(médiatdp= 0,347+0,06/ média + dp= 0,066+0,02 / mediana= 0,581, IQ= 0,452-
0,608 / médiatdp= 0,043+0,03) Em contrapartida, ndo observamos diferenca em

relacdo ao peso da gordura perirrenal.
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Figura 19. Efeito da supernutricdo neonatal, induzida pela reducdo do tamanho da
ninhada durante a lactacdo, sobre o peso dos coxins de gordura de ratos do grupo
controle (n=8) e do grupo supernutricdo (n=12). Teste T (mesentérica e perirrenal -
teste U de Mann-whitney). Dados expostos em média e desvio padrao (mesentérica

e perirrenal = mediana e intervalo interquartil). *p<0,05.

6.2.5 Peso relativo das gorduras

O peso relativo dos coxins de gordura dos animais est4 exposto na figura 20.
Observamos que 0 grupo supernutricdo apresentou maior peso relativo das gorduras
inguinal (médiat dp= 0,833+0,17, p<0,001) e retroperitoneal (médiat dp= 0,103 *
0,05, p=0,032) em comparacgédo ao grupo controle (médiat+ dp= 0,498 + 0,08 / médiat
dp= 0,048+ 0,05). Em contrapartida, ndo observamos diferenca significativa em

relacdo ao peso relativo das gorduras epididimal, mesentérica e perirrenal.
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Figura 20. Efeito da supernutricAo neonatal, induzida pela reducdo do tamanho da
ninhada durante a lactacéo, sobre o peso relativo dos coxins de gordura de ratos do

grupo controle (n=8) e do grupo supernutricdo (n=12). Teste T (perirrenal - teste U
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de Mann-whitney). Dados expostos em média e desvio padréo (perirrenal = mediana

e intervalo interquartil). *p<0,05.

6.2.6 Peso absoluto do musculo masseter

A figura 21 mostra o peso dos musculos masseteres dos animais, aos 30
dias de vida. Ndo houve diferencas em relacdo ao peso dos musculos masseter
direito (médiat dp= 0,143 + 0,032, p=0,822) e masseter esquerdo (média + dp
=0,134 £ 0,023, p=0,175) ao comparar 0 grupo supernutrido com o grupo controle
(média £ dp =0,139 £ 0,04 / média = dp =0,117 £ 0,03).
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Figura 21. Efeito da supernutricdo neonatal, induzida pela reducdo do tamanho da
ninhada durante a lactacdo, sobre o peso absoluto dos musculos mastigatorios de
ratos do grupo controle (n=8) e do grupo supernutricdo (n=12). Teste T. Dados

expostos em média e desvio padréo. *p<0,05.

6.2.7 Peso relativo do musculo masseter

A figura 22 mostra o peso relativo dos musculos masseteres dos animais,
aos 30 dias de vida. Ao realizar a comparagéo, observamos que 0s animais do
grupo supernutricdo apresentacdo maiores pesos relativos dos musculos masseter

direito (médiax dp= 0,139 + 0,03, p=0,011) e masseter esquerdo (média = dp =0,131
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+ 0,02, p=0,034) em comparacdo ao grupo controle (média + dp =0,200 + 0,06 /

meédia + dp =0,169 + 0,04).
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Figura 22. Efeito da supernutricdo neonatal, induzida pela reducdo do tamanho da
ninhada durante a lactacdo, sobre o peso relativo dos musculos mastigatérios de
ratos do grupo controle (n=8) e do grupo supernutricdo (n=12). Teste T. Dados

expostos em média e desvio padréo. *p<0,001.

6.2.8 Consumo alimentar durante a anélise da mastigacéo

A figura 23 mostra o consumo alimentar dos ratos aos 22 e 30 dias de vida,
apos um periodo de 3h de jejum, durante a andlise do desempenho mastigatorio. Os
ratos supernutridos apresentaram maior consumo alimentar aos 22 dias (mediana=
0,665, 11Q= 0,825-0,490, p=0,018) em relacdo ao grupo controle (mediana= 0,350,
1Q= 0,263-0,468). Em contrapartida, aos 30 dias de vida ndo houve diferenca em
relagdo ao consumo alimentar do grupo supernutricdo, ao ser comparado com 0

grupo controle.



83

30 dias

@

22 dias

>

[u
o
1
N
o
]

*

o
©
1
[
o
1

o
(o2}
1

T

1

o
IN
1

o
o
1

°©
N
L
Consumo alimentar (g)
-
o
L

Consumo alimentar (g)

o
o

o
o

Controle Supernutrigcédo Controle Supernutricdo

Figura 23. Efeito da supernutricdo neonatal, induzida pela reducdo do tamanho da
ninhada durante a lactagcédo, sobre o consumo alimentar de ratos do grupo controle
(n=12) e do grupo supernutricdo (n=11). Teste T (22 dias — teste U de Mann-
whitney). Dados expostos em média e desvio padréo (22 dias = mediana e intervalo

interquartil). *p<0,05.

6.2.9 Avaliacdo da concordancia inter-examinador para a analise do

desempenho mastigatorio

A tabela 12 mostra a concordancia inter-examinador para a analise dos
movimentos mandibulares mastigatérios dos ratos. A concordancia variou de
substancial (sequéncias mastigatérias) a quase perfeita (duracdo das sequéncias
mastigatorias, quantidade de ciclos mastigatérios e taxa mastigatoria) (LANDIS;
KOCH, 1977).
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Tabela 12. Coeficiente de correlacdo intraclasse da analise do desempenho

mastigatorio de animais dos grupos controle e supernutricdo, avaliado por dois

examinadores aos 22 e 30 dias de vida pos-natal.

Avaliador 1

Avaliador 2

22 dias de vida p6s-natal

Mediana o Mediana 1Q ICC
NUmero de sequéncias 10,00 6,25-10,0 10,00 5,25-10,00 0,768
mastigatorias
Duracdo das sequéncias 16,00 13,25-22,25 16,00 12,75- 0,946
mastigatorias (s) 20,75
Numero de ciclos mastigatorios 66,00 34,75-82,75 64,50 32,00-78- 0,895

75
Taxa mastigatoria 0,48 0,23-0,75 0,51 0,22-0,72 0,966
(sequéncias/s)
30 dias de vida pos-natal

Mediana o Mediana 1Q ICC
Numero de sequéncias 10,00 7,75-10,00 10,00 10,00- 0,856
mastigatorias 10,00
Duracdo das sequéncias 14,50 10,00-28,50 15,5 9,75-29,25 0,875
mastigatorias (s)
Numero de ciclos mastigatorios 49,50 33,75-68,75 53,00 41,75- 0,898

70,50

Taxa mastigatoria 0,51 0,32-0,97 0,64 0,33-1,02 0,998

(sequéncias/s)

6.2.10 Desempenho mastigatoério

A tabela 13 mostra a comparagdo do desempenho mastigatorio de animais

dos grupos controle e supernutricdo aos 22 e 30 dias de vida pos-natal. Observamos

que, aos 22 dias de vida poés-natal, os animais supernutridos realizam um menor

namero de sequéncias mastigatorias (mediana= 4,50, 11Q= 0,50-10,00, p=0,045) e

executam menos ciclos mastigatorios (mediana= 23,50, 11Q= 2,00-61,25, p=0,000)

em comparagdo ao grupo controle (mediana= 10,00, 11Q= 10,00-10,00 / mediana=
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81,50, 11Q= 71,50-90,75). Adicionalmente, aos 30 dias de vida os animais do grupo

supernutricdo apresentam uma menor taxa mastigatoria (mediana= 0,33, 11Q= 0,30-

0,38, p=0,020) quando comparados aos animais do grupo controle (mediana= 0,77,

1Q= 0,43-1,15, p=0,020).

Tabela 13. Comparacéo entre o desempenho mastigatorio de animais dos grupos

controle e supernutrido, aos 22 e 30 dias de vida pds-natal.

Controle (n=12)

Supernutricédo (n=12)

22 dias de vida p6s-natal

Mediana Q Mediana 1Q p
Numero de sequéncias 10,00 0,50-10,0 4,50 10,00- 0,045*
mastigatorias 10,00
Duragdo das sequéncias 17,00 0,50-22,25 15,00 13,25- 0,319
mastigatorias (s) 23,00
Numero de ciclos 81,50 2,00-61,25 23,50 71,70- 0,000*
mastigatorios 90,75
Taxa mastigatoria 0,52 0,46-0,64 0,21 0,27-0,75 0,128
(sequéncias/s)

30 dias de vida p6s-natal

Mediana Q Mediana 1Q p
Numero de sequéncias 10,00 4,50-10,00 8,50 10,00- 0,178
mastigatorias 10,00
Duracédo das sequéncias 13,33 9,77 20,41 18,61 0,073
mastigatorias (s)#
Numero de ciclos 54,75 124,76 43,75 +17,21 0,220
mastigatorios#
Taxa mastigatoria 0,77 0,43-1,15 0,33 0,30-0,38 0,020*

(sequéncias/s)

Teste de Mann-Whitney (#teste T de amostras independentes - dados expressos

através de média * desvio padréo). *p<0,05.
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7 DISCUSSAO

7.1 - Experimento com criancas

O presente estudo teve como objetivo avaliar o consumo alimentar, a
atividade elétrica do musculo masseter e o desempenho mastigatério de criangas de
7 a 12 anos de idade com peso adequado, sobrepeso e obesidade. Os resultados
demonstraram que criancas com obesidade apresentam menor consumo de
alimentos in natura, maior consumo de alimentos ultraprocessados, realizam menos
sequéncias mastigatérias e comem mais rapidamente do que criancas com peso
adequado.

A caracterizagdo antropométrica das criangas de 7 a 12 anos de idade
demonstrou que 47,9% estavam acima do peso e 19,6% eram obesas. Esses
valores superam o que é encontrado no Brasil, onde 2,6% das meninas e 30% dos
meninos de 5 a 19 anos apresentam excesso de peso (BENTHAM et al., 2017) e
14,1% das criancas estdo obesas (MARIA AIELLO et al., 2015). Além disso, 10%
das criancas de varias partes do mundo, em idade escolar, possuem obesidade
(PAKPOUR et al.,, 2015). Estudos mostram que criancas obesas tém grandes
chances de se tornarem adultos obesos (SINGH et al., 2008; WARD et al., 2017), e
qgue o risco de persisténcia da obesidade infantil na idade adulta aumenta com a
idade, independentemente do tempo de obesidade da crianca (ROSENBAUM,
2007). Os fatores que provocam a obesidade nas criancas sdo muito complexos,
tendo carater bioldgico, psicossocial, comportamental e cultural (SOSKOLNE et al.,
2018).

Em nosso estudo, encontramos que criancas com obesidade apresentam
maior consumo de alimentos ultraprocessados em comparacdo as criancas com
peso adequado. Alimentos ultraprocessados sao formulacdes de ingredientes, na
sua maioria de uso industrial exclusivo, que resultam de uma série de processos
industriais (MONTEIRO et al., 2019). Estes alimentos representam uma
preocupacado para a saude, pois geralmente possuem alta densidade calorica, séo
ricos em sodio, acgUcar, gorduras saturadas e trans, e sdo pobres em fibras e

proteinas (MATOS et al., 2021). Estudos mostram associa¢cdes positivas entre o
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consumo de alimentos ultraprocessados e a gordura corporal na infancia e
adolescéncia (COSTA et al., 2018; BESLAY et al., 2020; SANDOVAL-INSAUSTI et
al., 2020). No Brasil, 0 aumento da ingestdo de alimentos industrializados, bebidas
adocadas com acucar e carboidratos refinados tem ocorrido paralelamente ao
aumento da prevaléncia de sobrepeso e obesidade (OTTO et al., 2018). A alta
densidade energética dos alimentos ultraprocessados pode explicar parcialmente a
associacdo entre sua ingestdo e o excesso de adiposidade (PRENTICE, JEBB,
2003). Estudos mostram que o menor consumo de frutas e vegetais e maior
consumo de alimentos de alta densidade energética esta associado a uma ma
funcdo mastigatoéria (TSAI; CHANG, 2011; YOSHIDA et al., 2011), que por sua vez
esta associada ao desenvolvimento da obesidade (HOLLIS, 2018; WHITE et al.,
2015).

A analise da atividade elétrica do musculo masseter das criancas com peso
adequado, sobrepeso e obesidade, durante a CVM, repouso e mastigacao habitual,
nao encontrou diferencas significativas. No entanto, a comparacdo da relacdo
cintura-estatura revelou que criangcas com RCE maior que o ponto de corte de 0,5
apresentaram maior atividade elétrica nos musculos masseteres direito e esquerdo
durante o repouso. Ademais, outros estudos sugeriram que, na auséncia de
estimulos, a atividade elétrica dos musculos associados a mastigacdo é minima
(COELHO-FERRAZ et al., 2009; HICKEY; WILLIAMS; WOELFEL, 1961). Acredita-
se, portanto, que o0 aumento da atividade desses musculos durante o repouso esteja
associado a fadiga (CASTROFLORIO; BRACCO; FARINA, 2008; GLAROS; GLASS;
BROCKMAN, 1997), e isso pode comprometer o desempenho mastigatorio. A fadiga
muscular € um processo fisiolégico e bioquimico no qual um determinado musculo
ou grupo de musculos é incapaz de manter a forca constante (MATON et al., 1992).
Assim, é possivel supor que, se 0 musculo masseter for estimulado em repouso, é
provavel que ele se canse mais rapidamente durante a execugcdo dos movimentos
mastigatorios, levando o individuo a comer mais rapidamente, o que também foi
encontrado em nosso estudo.

A avaliagdo do desempenho mastigatorio revelou que criangcas com

obesidade realizam menos sequéncias mastigatdrias e comem mais rapidamente do
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gue criancas com peso normal. Achados semelhantes foram relatados por Sato &
Yoshike (2010), que observaram que criancas de 5 e 6 anos de idade com maior
grau de obesidade apresentavam tempos de refeicdo mais curtos e realizavam
menos ciclos mastigatérios (SATO; YOSHIIKE, 2010). Outro estudo mostrou que
criancas de 8 a 12 anos comem mais rapido quando comparadas a criangas de peso
normal (WHITE et al.,, 2015). Criangcas que mastigam menos e em menor tempo
demoram mais para ficarem satisfeitas com a quantidade de alimentos ingeridos, o
que pode levar a ingestdo de mais alimentos, predispondo a crian¢ca ao aumento do
IMC e ao desenvolvimento de obesidade (HAMADA; KASHIMA; HAYASHI, 2014).
Apesar dos esforcos durante a conducéo da pesquisa, limitacdes devem ser
reconhecidas: (1) O desenho transversal do estudo permite apenas uma avaliacao
pontual das caracteristicas da populacdo e ndo permite estabelecer qualquer relacédo
causal, para a qual seria necessario realizar um estudo longitudinal; (2) O nivel de
atividade fisica das criancas nédo foi avaliado; (3) Os dados de consumo alimentar
foram limitados a um Unico dia, uma vez que o consumo alimentar das criancas foi
avaliado por meio de um recordatério alimentar de 24 horas; (4) Um Unico tipo de
alimento foi utilizado para avaliar o desempenho mastigatorio. No entanto, €&
importante reconhecer que nosso estudo é o primeiro a avaliar as caracteristicas
mastigatorias de criancas obesas de 7 a 12 anos de idade e a caracterizar o
desempenho mastigatério em paralelo ao consumo alimentar. Os achados do
presente estudo podem, portanto, auxiliar no desenvolvimento de estratégias

visando a prevencao e ao controle da obesidade infantil.
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7.2 - Experimento com animais

Estudos tém relacionado a obesidade a um estilo especifico de mastigacao
em criangas. Entretanto, ndo existem na literatura pesquisas que avaliaram os
mecanismos centrais e periféricos por tras desta relacdo. Diante disso, este estudo
teve como objetivo avaliar o desempenho e os mecanismos de controle sensorio-
motor da mastigacdo em ratos com obesidade induzida por supernutricdo durante a
lactacdo. Nossos resultados mostraram que 0s ratos supernutridos apresentam
maior peso corporal a partir do décimo quarto dia de vida, maior comprimento naso-
anal aos 14 e 21 dias dia de vida, maiores quantidades de tecido adiposo branco,
menor peso relativo do musculo masseter, maior consumo alimentar aos 22 dias de
vida pos-natal, realizam menos sequéncias mastigatérias e ciclos mastigatérios aos
22 dias de vida, e aos 30 dias de vida pés-natal apresentam menor taxa mastigatoria
em comparacao aos animais do grupo controle.

A supernutricdo durante a lactacéo, evidenciada pela reducéo do tamanho da
ninhada neonatal, promoveu aumento do peso corporal, a partir do décimo quarto
dia de vida do animal. Esses achados corroboram com outros estudos que também
mostram que ratos provenientes de prole de ninhadas reduzidas durante a lactacao
apresentam maior peso corporal a partir da segunda semana de vida (ARGENTE-
ARIZON et al., 2016; XAVIER et al., 2019). O aumento do peso corporal dos animais
esta associado ao aumento na quantidade de tecido adiposo branco (HABBOUT et
al., 2013), o que também foi encontrado em nosso estudo. Este feno6tipo de aumento
de peso corporal, associado ao aumento do tecido adiposo, envolve mecanismos
como hiperfagia e alteracdes no metabolismo energético (HABBOUT et al., 2013).
Estudos mostram que a prole de ratos supernutridos durante a lactagdo podem
apresentar resisténcia a leptina, horménio que reflete a adiposidade, promove
saciedade e aumenta o gasto energético (CHILDS et al., 2021; CONCEICAO et al.,
2017; SOMINSKY et al., 2017).

Ao analisar os parametros bioquimicos dos animais, encontramos que 0S
animais supernutridos apresentam maiores niveis de colesterol total ao serem
comparados com os animais do grupo controle. Isso corrobora com outros estudos,

gue também encontraram que ratos superalimentados apresentam maiores niveis de
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colesterol plasmatico (DE MOURA FREITAS et al., 2019; MOREIRA et al., 2009). E
trazido na literatura que a superalimentacdo precoce afeta o metabolismo lipidico,
modificando a homeostase hepética e promovendo dislipidemia (SOUZA; MOURA,
LISBOA, 2022). Ademais, em nosso estudo ndés nao encontramos diferencas em
relacdo aos niveis de glicose e triglicerideos séricos, o que corrobora com o0s
achados de Hou e colaboradores (2011), que também néo observaram diferencas
nos niveis séricos de glicose e triglicerideos da terceira a décima sexta semana de
vida pos-natal de ratos (HOU et al., 2011). A raz&o por tras dessa inconsisténcia €
atualmente desconhecida (HOU et al., 2011), visto que muitos estudos associam a
supernutricdo decorrente da reducédo da ninhada neonatal sobre os niveis elevados
de glicose , triglicerideos e resisténcia a insulina (DE MOURA FREITAS et al., 2019;
PLAGEMANN et al., 2010).

Na analise do comprimento dos animais, observamos que aos 14 e 21 dias de
vida pés-natal os animais supernutridos apresentaram maior comprimento naso-anal
em comparagdo aos animais do grupo controle. Isto ocorreu concomitante ao
aumento de peso corporal, que também se mostrou elevado a partir do décimo
quarto dia de vida. Resultados semelhantes foram encontrados por Rodrigues e
colaboradores (2011), que observaram maior comprimento naso-anal em animais
supernutridos jovens e adultos (30, 80, 120 e 180 dias de vida pds-natal). Isto pode
estar relacionado a uma maior massa proteica corporal em animais jovens
(RODRIGUES et al., 2011), decorrente do maior aporte de leite materno durante a

lactacéo.

Em nosso estudo, observamos ainda que o0s ratos superalimentados
apresentaram maior consumo alimentar aos 22 dias de vida, apés o desmame,
durante o teste de avaliagdo do desempenho mastigatorio. Plagemann e
colaboradores (2006) mostram que essa hiperfagia pode estar associada a uma ma
programacdo e a resisténcia dos neurbnios orexigenos e anorexigenos no
hipotalamo desses animais (PLAGEMANN, 2006). Isto porque, nos animais
superalimentados, ha uma resisténcia a leptina e insulina no ndcleo arqueado
hipotalamico (DAVIDOWA; PLAGEMANN, 2007). Essa resisténcia acaba ativando o
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sistema do neuropeptideo Y, que atua no eixo arqueado-paraventricular orexigeno
estimulando a ingestdo alimentar (HABBOUT et al.,, 2013). Ademais, n&o
encontramos diferengcas no consumo alimentar aos 30 dias de vida pos-natal, o que

sugere que houve uma readaptacéo por parte do animal com o decorrer da idade.

Na analise dos musculos mastigatorios, observamos que 0s animais
supernutridos apresentaram um menor peso relativo dos musculos masseteres
direito e esquerdo em comparagao ao grupo controle. Da mesma forma, Maejima et
al., (2020), ao analisar o percentual de massa muscular de ratos superalimentados
com uma dieta hiperlipidica ap6s o desmame, também encontrou que 0s animais
supernutridos apresentavam menor percentual de massa muscular em comparacéo
a animais que receberam dieta normal (MAEJIMA et al., 2020). Isto pode estar
relacionado a resisténcia a insulina associada a obesidade, visto que ela pode afetar
nao apenas o metabolismo da glicose no muasculo esquelético, mas também o
metabolismo da proteina muscular, reduzindo a sintese proteica (GUILLET et al.,
2009). Ademais, o menor peso relativo de musculos mastigatérios pode trazer
prejuizos ao desempenho da mastigacdo, o que também foi observado em nosso

estudo.

A analise do desempenho mastigatério mostrou que aos 22 dias de vida,
animais supernutridos realizaram menos sequéncias e ciclos mastigatorios, e que
essa diferenca ndo se manteve aos 30 dias de vida pos-natal. Em contrapartida, aos
30 dias os animais supernutridos apresentaram menor taxa mastigatoria. Essa
disfuncdo mastigatdria pode estar associada a uma reducao da sintese proteica do
musculo masseter, evidenciada pelo menor peso relativo deste masculo, conforme
supracitado. Ademais, sabe-se que a eficiéncia da mastigacdo, evidenciada pelo
namero de ciclos e sequéncias mastigatorias, pode influenciar o processo de
saciedade (SAKATA et al., 2003). O maior niumero de ciclos mastigatérios aumenta
o0 tempo de processamento oral, reduzindo o apetite ou a ingestdao de alimentos
(ZIJLSTRA et al., 2009).
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8 CONSIDERACOES FINAIS

No6s avaliamos o desempenho e 0s mecanismos de controle sensério-motor
da mastigacdo em criangcas com sobrepeso e obesidade, e em ratos com obesidade
induzida por supernutricdo durante a lactacdo. A partir dos nossos achados,
encontramos que criancas com obesidade apresentam menor consumo de alimentos
in natura, maior consumo de alimentos ultraprocessados, realizam menos
sequéncias mastigatérias e comem mais rapido do que criangcas com peso
adequado; e que ratos com obesidade induzida pela supernutricdo durante a
lactacdo apresentam maior peso corporal, maiores quantidades de tecido adiposo
branco, maior consumo alimentar, menor peso relativo dos musculos masseter,
realizam menos sequéncias mastigatérias e menos ciclos mastigatorios, e

apresentam menor taxa mastigatéria em relacdo a animais do grupo controle.

A abordagem translacional do estudo permitiu aprofundar, no modelo animal,
alteracbes observadas em modelo humano, dificeis de serem avaliadas
experimentalmente em criancas. Ademais, os achados dos estudos com humanos e
com animais experimentais se complementam, preenchem lacunas existentes na
literatura que busca compreender a relagdo entre alteragcbes mastigatorias e
obesidade infantil, e ainda despertam alguns questionamentos: (1) existem
alteracdes nos neurbnios dos nudcleos trigeminais do tronco-encefalico de animais
com obesidade induzida por supernutricAo durante a lactacdo, que levam a
alteracdes no desempenho mastigatorio?; (2) Existem alteracdes na tipagem da fibra
muscular e na area de seccdo transversa do muasculo masseter dos animais
supernutridos?; (3) as alteragdes mastigatdérias observadas em animais

supernutridos podem influenciar na escolha da consisténcia da racdo consumida?

Apesar dos questionamentos e perspectivas futuras, fica evidente em nosso
estudo que criancas obesas e ratos com obesidade induzida por supernutricdo
durante a lactacao apresentam alteracbes no desempenho da mastigagéo. Os dados
obtidos em nosso estudo podem contribuir para a criacao de estratégias terapéuticas
eficazes no combate a obesidade, sobretudo a obesidade infantil, e comorbidades

associadas. Dentre as possiveis estratégias, temos a modulacdo do comportamento
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mastigatorio como um fator protetor contra a obesidade, assim como educacao
alimentar e nutricional associada as orientagdes sobre a importancia da mastigacéo

adequada.
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IMPORTANCIA DA PESQUISA TRANSLACIONAL NO ESTUDO DOS
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Prezadas editoras,

Nas ultimas décadas, estudos na area da fonoaudiologia vém emergindo em
todo o mundo, sobretudo no Brasil (1). No entendimento dos disturbios orofaciais
encontramos na literatura pesquisas com diferentes delineamentos, sendo eles
transversais (2), coortes (3), estudos do tipo caso-controle (4), ensaios clinicos
randomizados(5), relatos de caso (6), revisdGes narrativas (7), integrativas (8) e

sistematicas (9), dentre outros.
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Na busca por aprimorar 0s conhecimentos desta area, comecaram a surgir
estudos tentando entender os disturbios orofaciais em modelos animais (10-14).
Como exemplo podemos citar pesquisas que avaliaram os disturbios orofaciais em
modelos experimentais representativos de condicdes como desnutricdo (15), doenca
de Parkinson (16,17) e paralisia cerebral (11). Esses estudos permitiram analisar
estruturas e mecanismos fisiolégicos complexos, dificeis de serem analisados em
modelo humano.

Ademais, os avancos nas pesquisas dos disturbios orofaciais tém gerado
novos questionamentos e demandas, exigindo reorganizacdo das abordagens
empregadas (18). Nessa perspectiva, uma nova abordagem da pesquisa cientifica
vem se disseminando pelo mundo. Trata-se da “Pesquisa translacional", que tem
como objetivo promover pesquisa interdisciplinar e acelerar a troca bidirecional entre
ciéncia basica e clinica, para mover os achados de pesquisa basica do laboratério
para ambientes aplicados envolvendo pacientes e populacdes (19,20).

O termo “pesquisa translacional” surgiu desde a década de 1960,
especialmente na area da oncologia. Segundo o instituto Nacional do Céancer dos
EUA, a pesquisa translacional é aquela que “transforma descobertas cientificas em
aplicacdes clinicas para reduzir a incidéncia, morbidade e mortalidade por doencas"
(21). A abordagem contemporanea sobre pesquisa translacional teve destaque no
ano de 2002, em um editorial publicado no Journal of the American Medical
Association (JAMA), que destacou a importancia da traducdo dos novos
conhecimentos, mecanismos e técnicas gerados pela pesquisa cientifica basica em

novas abordagens de prevencéo, diagndéstico e tratamento de doencgas (22).
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De acordo com a Sociedade Americana do Céancer, a ciéncia basica envolve
estudos de laboratério que fornecem a base para a pesquisa clinica (22,23). Ja a
pesquisa clinica é aquela realizada em seres humanos, na qual o pesquisador
interage direta ou indiretamente com os participantes, o que inclui o0 manejo dos
seus dados e/ou dos seus materiais biolégicos (24).

A direcionalidade da pesquisa translacional ndo é tdo clara, e apresenta
diferentes interpretacfes. Por um lado, h4 uma visdo linear e unidirecional (da
bancada para a beira do leito) que € a mais utilizada; outro modelo seria uma
translacéo bidirecional e ainda linear (da bancada para a beira do leito e, por vezes,
dai novamente para a bancada); e, finalmente, uma visdo mais complexa, na qual o
processo de translacéo seria um processo dinamico e de sentido variado (19).

Adicionalmente, de acordo com o instituto de medicina dos Estados Unidos, a
pesquisa translacional é unidirecional, e inclui duas areas de traducdo. Uma é o
processo de aplicacdo de descobertas geradas durante pesquisas em laboratério e
em estudos pré-clinicos ao desenvolvimento de ensaios e estudos em humanos
(T1). A segunda éarea de traducdo diz respeito a pesquisa que visa aprimorar a
adocdo das melhores préaticas na comunidade (T2) (25). Em um contexto mais
amplo, outros autores, trazem uma abordagem sistémica para a pesquisa
translacional (T3), mostrando que ela promove a integracdo multidirecional de
pesquisa basica, pesquisa orientada ao paciente (pesquisa clinica de carater
individual) e pesquisa de base populacional, com o objetivo de longo prazo de
melhorar a saude da populacéo (26,27).

Diante do que foi exposto, observamos que a pesquisa translacional pode

trazer uma nova perspectiva aos estudos envolvendo os disturbios orofaciais.
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Pesquisas com essa abordagem visam trazer uma aplicabilidade real do
conhecimento, melhorando a aplicacédo clinica de novos conceitos terapéuticos e
proporcionando beneficios diretos a populacdo (28). Com isso, finalizamos nossas
consideracfes salientando que a pesquisa translacional na fonoaudiologia € de
grande relevancia, sendo ela unidirecional, bidirecional ou multidirecional, uma vez
qgue ela atua no desenvolvimento de estudos que possam ndo apenas resolver os
problemas de saude da populacdo, mas também influenciar a formulacdo de
politicas de saude adequadas para atender as necessidades dos pacientes e

comunidades.
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ANEXO A — Parecer do Comité de Etica em Pesquisa
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CEP
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PARECER CONSUBSTANCIADO DO CEP
DADOS DA EMENDA

Titulo da Pesquisa: PADRAD MASTIGATORIC DE CRIANCAS DE T A 12 ANOS DE IDADE DA ZOMA DA
MATA DO ESTADO DE PERNAMBUCO, BRASIL, COM SOBREPESOVOBESIDADE

Pesquisador: Kelli Mogueira Ferraz Pereira Althoff

Area Temitica:

Versdo: 3

CAAE: 70280017.7.0000.5208

Instituigio Proponente: Centro Académico de Vitdria de Santo Antdo

Patrocinador Principal: Financiamento Proprio
DADOS DO PARECER

Mamero do Parecer: 3 854 541

Apresentagio do Projeto:

Trata-se de uma emenda. A pesquisadora solicita as seguintes alteragdes: a) Modificagio no tiulo do
projeto, especificamente para a faixa etaria estuada que passa a serde 7 a 12 anos “FADRAD
MASTIGATORIO DE CRIANCAS DE 7 A 12 ANOS DE IDADE DA ZOMA DA MATA DO ESTADO DE
PERMAMBUCO, BRASIL, COM SOBREPESOVOBESIDADE; b) A vigéncia do estudo foi prorrogada, em
vez de concluido em 2018, a conclusdo se dara em dezembro de 2020; ¢} Modificagdes na metodologia e
cronograma: o estudo, do tipo descritive e transversal, passou a ter um carater lengitudinal; a idade das
criangas que irdo compor a amostra foi alterada de “7 a 10 anos” para 7 a 12 anos”, modificando assim
todos os itens que citavam a idade anterior; o carater longitudinal foi incluide porque as criangas avaliadas
em 2017 e 2018 serdo novamente analisadas em 2019 & 2020; ¢) sera incluida a analise do consumo
alimentar, através do recordatdrio alimentar de 24 horas (com o objetivo de avaliar o consumo de alimentos
e bebidas ingeridos nas 24 horas anteriores a entrevista. Com a ajuda de um album fotografice, as criangas
serdo orientadas a relatar, detalhadamente, o tamanho & volume da porgdo consumidas, marcas dos
produtos e modo de preparagdo); d) Modificagdo no periode de vigéncia do estudo que passa a ter previsio
de conclusdo em 2021. Este projeto iniciou sua realizagdo no anc de 2017, e foi executado pela Profa. Kelli
Mogueira Ferraz Fereira e pela aluna de Mestrado Renata Emmanuele Assuncio Santos, vinculadas ao

Programa de Pos-Graduagdo em Mutrigdo, Atividade Fisica e Plasticidade Fenotipica,
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Contruagio do Farecer: 3,658,541

do Centro Académico de Vitdria de Santo Antio. Trata-se de um estudo, do tipo longitudinal, a ser realizado
com uma amostra de 240 criangas de 7 a 12 anos de idade, de ambos os géneros, de escolas plblicas do
Municipic da Vitoria de Santo AntSc (PE, Brasil), teve inicio em 2017, com termino previsto para 2021. As
criangas serdo incluidas considerando os critérios de inclusdo/exclus3o e divididas em quatro grupos. de
acordo com o IMC para a idade e o género (WHO, 2007): meninas com peso normal (n=80); meninos com
peso nomal (n=80); meninas com sobrepeso ocu obesidade (n=80), & meninos com sobrepeso ou obesidade
(n=80). O calculo do tamanho da amostra foi baseado em pesquisas anteriores desse grupo de pesquisa. As
criangas serdo submetidas a antropométrica, clinica oral, subjetiva da qualidade mastigatdria e misfuncional
orofacial em deis momentos distintes, além de responderem analise do consumo alimentar, através do

recordatdrio alimentar de 24 horas.

Objetive da Pesquisa:

OBJETIVO GERAL

Avaliar o padrdo mastigatéric de criangas de 7 a 12 anos de idade da zona da Mata do Estado de
FPernambuco, Brasil que apresentam ou nio sobrepesoiocbesidade.

OBJETIVOS ESPECIFICOS

- Caracterizar as criangas de ¥ a 12 anos de idade da zona da Mata do Estado de Pernambuco, Brasil
quante ao estado nutricicnal & edontelogico.

- Avaliar o padrdo mastigatério de criangas de 7 a 12 anos de idade da zona da Mata do Estado de
Pernambuco, Brasil que apresentam ou n3o sobrepesolobesidade.

- Comparar o padrio mastigatdrio entre menincs & meninas que apresentam ou ndo scbrepesolcbesidade.

- Correlacionar o padric mastigataric com o estado nutricional de criangas de 7 a 12 anos de idade da zona

da Mata do Estado de Pemambuco, Brasil gue apresentam ou n3o sobrepesol/obesidade.

Avaliagio dos Riscos e Beneficios:

Apresenta ponderagdo entre os riscos e beneficios. Como risco menciona o constrangiments no momento
da avaliagido antropométrica, clinica oral e da qualidade mastigatoria. Caso isto ccorra as analises serdo
imediatamente interrompidas. Come beneficios serdo feitas propostas de intervengdo para melhoria da
salde das criangas e idealizados modelos de intervengdoe que ajudardo na concretizagio de projetos que

estimulem habitos de vida saudaveis, sendo estas
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desenvolvidas sob a orentacdo & gestdo da Secretaria de Salde e Secretaria de Educacdo do Municipio de

Vitoria de Sanio Antio, em parceria com o Centro Académico Vitaria (CAVIUFPE).

Comentarios e Consideragoes sobre a Pesquisa:

A pesquisa apresenta a hipotese de que criangas de 7 a 12 anos de idade da zona da Mata do Estado de

Permambuco, Brasil que apresentam scbrepesol/obesidade apresentam padrio mastigatéric alterado em

comparagdo com aguelas com peso normal. A pesguisa frata de um tema re

levante, os resultados desse

estudo podem resultar em contribuigdes para auxiliar na construgio de estratégias de tratamento mais

eficazes na redugio da obesidade infantil.

Consideragdes sobre os Termos de apresentagao obrigatoria:

Os pesquisadores apresentaram os seguintes termos efou documentos exigides pela Resclugdo 466/12:

- Folha de rosto foi assinada pelo vice-diretor do Centro Académico de Vitdria de Santo Antio

- Carta de anuéncia assinada pelo Secretirio de Educagdo de Vitdria de Santo Antdo.

- TCLE para pais ou responsaveis
- TALE para as criangas e adolescentes

- Termo de confidencialidade

Recomendagdes:

Sem recomendagies.

Conclusdes ou Pendéncias e Lista de Inadequagoes:
Aprovado.

Consideragdes Finais a critério do CEP:

A emenda foi avaliada e APROVADA pelo colegiado do CEP.

Este parecer foi elaborado baseado nos documentos abaixo relacionados:

Tipo Documento Arquivo FPostagem Autor Situagio
Informagdes Basicas PB_INFDRMA(;EJES_EASICAS_M‘%EBS 1312019 Aceito
do Projeto 5 E1.pdf 21:53:07
Cutros Justificativade Emenda.docx 13102019 |Kelli Hogueira Ferraz| Aceito

21474 Pereira Althoff
TCLE [ Termos de | TALEMenorTaif.doc 1312018 |Kelli Hogueira Aceito
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Assentimento / TALEMenorTalf.doc 21:43:51 Ferraz Pereira Althoff] Aceito

Justificativa de

Auzéncia

TCLE / Termos de | TCLE.doc 1312019 |Kelli Mogueira Ferraz| Aceito

Assentimento / 21:43:41 Pereira Althoff

Justificativa de

Auséncia

Projete Detalhade / | projetocomite. docx 1312019 |Kelli Mogueira Ferraz| Aceito

Brochura 21:43:02 |Pereira Althoff

Investigador

Cronograma CROMOGRAMAprojetomestrado. docx 132018 |Kelli Nogueira Ferraz | Aceito
21:42:34  |Pereira Althoff

Folha de Rosto Folhaderostoassinada.pdf 132018 |Kelli Nogueira Ferraz | Aceito
21:37:54 Pereira Althoff

Outros CARTADERESPOSTA docx 17/08/2017 |Kelli Mogueira Ferraz| Aceito
18:25:18 |Pereira Althoff

Qutros declaracaovinculomestrado.jpg 26/06/2017 |Kelli Nogueira Ferraz | Aceito
12:17:16  |Pereira Althoff

Outros termoconfidencialidade. pdf 26/08/2017 |Kelli Mogueira Ferraz| Aceito
12:14:29 Pereira Althoff

Outros lattesren ata. pdf 13/08/2017 |Kelli Mogueira Ferraz| Aceito
20:20:10 | Pereira Althoff

Qutros latteskelli pdf 13/06/2017 |Kelli Nogueira Ferraz | Aceito
20:18:11 Pereira Althoff

Outros anuencia.jpg 12/08/2017 |Kelli Mogueira Ferraz| Aceito
23:17:38 Pereira Althoff

Oreamento ORCAMENTOpmjetomestrado. docx 12/08/2017 |Kelli Mogueira Feraz| Aceito
23:18:24  |Pereira Althoff

Situag3o do Parecer:
Aprovado

Mecessita Apreciagio da CONEP:

Y
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Assinado por:
LUCIAND TAVARES MONTENEGRD
(Coordenador{a))

Enderego. Av. 33 Engenhana sm® - 1® andar, s3la 4, Predio do Centro de Cl2nclas da Salds
Balrro: Cldade Universitana CEP: 50.740-600
UF: PE Municiplo: RECIFE

Telsfone: (81)2126-8538 E-mall:

ceporE@ulpe br

Piigira 05 da 05



125

ANEXO B — Parecer da comissao de ética no uso de animais (CEUA)

Universidade Federal de Pernambuco
Centro de Biociéncias
Av, Prof. Helson Chaves, ain

50670220 | Reclfe = FE = Brail
Fomes: 2106 B840

\ cenaifrafpe br

Recife, 03 de julho de 2020
Oficio n® 38/20

Da Comissdo de Etica no Use de Animais (CEUA) da UFPE

Para: Prof. Kelli Nogueira Ferraz Pereira Althoff

Centro Académico de Vitoria - CAY

processo n"0026/2019

Certificamos gque a proposta intifulada “Obesidade infantil ou neonatal: Estudo

translacional do desempenho € mecanismos de controle sensdrio-motor da
mastigagio.” registrade com o n®0026/2019 sob a responsabilidade da Prof. Kelli
Nogueira Ferraz Pereira Althoff que envolve a produgo, manutengdo ou utilizago
de animais pertencentes ao filo Chordata, subfilo Vertebrata (exceto humanos), para
fins de pesquisa cientifica (ou ensing) - encontra-se de acordo com os preceitos da Lei
n® 11.794, de B de outubro de 2008, do Decreto n® 6.899, de 15 de julhe de 2009, &
com as normas editadas pele COMSELHO MNACIONAL DE CONTROLE DE
EXPERIMENTA(;.EO ANIMAL (CONCEA), e foi aprovada pela COMISSAC DE ETICA
NO USO DE ANIMAIS (CEUA) DA UNIVERSIDADE FEDERAL DE PERMAMBUCO
(UFPE), em reunido de 30/06/2020. Foi alterando o modelo experimental do projeto e

o numero de animais da pesquisa.

Finalidade {) Engino (x) Pesquiza Cientifica

Vigéncia da autorizago 01/059/2020 a 01/12/2022

Espécieflinhagem/fraga Ratos  Wistar (Rattuz  novergicus)
heterogénico

N de animais 32 fémeas / machos: 16 adultos mais 64

neonatos, (resultantes da ninhada das
fémeas): total 112 animais
Pesofldade 220 - 250 g /90— 120 dias

Sexo macho ( 80) e ( 32)
Origem: Biotério de Criagdo

Biotério do Departamento de Mutrigo —
UFPE

Destino: Bioterio de Experimentagao Biotério do Departamento de Mutrigio —
UFFE

Atencisaments

g
Prfi-'[. Sabastiio R. F. Silva

=Presidente CEUAJUFPE
SIAPE 2345681



ANEXO C — Termo de Consentimento Livre e Esclarecido (TCLE)

UNIVERSIDADE FEDERAL DE PERNAMBUCO
CENTRO ACADEMICO DE VITORIA DE SANTO ANTAO

TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO
(FARA RESPONSAVEL LEGAL FELO MENOR DE 18 ANOS - Resolugio 466/12)

Solicitamos a sua autorizacio para convidar o (a) 511513 filho
(a) _para participar, como veluntirio (a), da pesqusa “Padrio
maxhgamno de criangas de 7 a 12 anos de 1dade da zona da mata do esztado de Permambuco, Brazil, com sobrepeso/obesidade™.
Esta pesquisa € da responszbilidade da pesquisadora Kelli Nogueira Ferraz Pereira Althoff, enderego: T Altodo Eeservatdrio, Sn
- Bela Vista, Vitdria de Santo Antio — PE. CEP: 55608-680/ Telefone: (81)09823-9212, E-mail : ke]]jferraz@hotmmlmm_
Também participz deste trabalho a pesquizadora Fenata Emmeanuele Aszsmgio Santos, Telefone: (81) 98856-3248, e-mail:
F.enataemmanuele@vahoo.combr.

Cazo este Termo de Consentimento contenha imformacgGes que ndo [he sejam compreensivels, as duvidas podem ser
tiradas com a pessoa que estd The entrevistando e apenas 2o final, quands todos oz esclarecimentos forem dades, czso concorde
que o (8) menor faga parte do estudo pedimos que rubrique as folhas e aszine ao final deste documento, que estd em duas vias,
uma via [he zera entregue e a outra ficard com o pesquisador responsdvel.

Cazo ndo comcorde, ndo havera penalizacio nem para o (a) Sr.(z) nem para oz vohmtinoa gue esta =ob sua
responsabilidade, bem como serd possivel ao/a Sr. (a) retirar o consentimento a qualquer momento, também sem nenhuma

penalidade. i
INFORMACOES SOBRE A PESQUISA:

* () objetivo da pesquisa & avaliar o padrio mastigatorio de criangas de 7 2 12 anos de idade da zona da Mata do Estado de
Pemambuco, Brasil, que apresentam ou ndo sobrepeso/obesidade. O estudo sera realizado com uma amostra de 240
crniangas de 7 a 12 anos de idade, de ambos oz géneros, de escolas pablicas do Mumicipio da Vitona de Santo Antdo, entre
o periode de agosto de 2017 a dezembro de 2020. Serfo feitas avaliagdes do padrio antropométrico, da integridade oral,
da qualidade e ﬁm-:.an mastigatdria, bem como uma avalizgio miofumecional orofacial.

- Omﬁﬁom%me&hﬂﬂ%@m@}mmﬂoﬁmﬁhﬂmﬂﬂmmﬂmdﬂmaﬂedaqm
mastigatoria. Caso 1sto ocoma as analises serfo mediatzmente 1

»* Como beneficios, as criangas receberdo as devidas onentagdes mmmc:tna.ls e fonpaudiologicas, quando necessario

As informagdes desta peaquisa serdo confidenciais e serfo divulgadas apenas em eventos ou publicagdes cientificas, nio
havendo identificagZo dos voluntarios, a ndo ser enire os responsdveis pelo estudo, sendo assegurado o mgilo sobre a participacdo
do'a voluntario (2). Os dados coletados nesta pesquisa (enfrevistas e filmagens), ficario armazenados em computador pessoal,
sob & responszbilidade do pesquizador, no enderego acima mformado, pelo periodo de minmmo 5 anos.

(0 {a) zenhor (a) ndo pazara nada & nem recebera nenhum pagamento para ele'ela participar desta pesquisa, pois deve ser
de forma voluntdria, mas fica também garantida a indenizacdo em casos de danos, comprovadamente decorrentes da parficipacdo
dele’a na pesquisa, conforme decisdo judicial ou extra-judicial. Se houver necessidade, as despesas para a participagio serdo
assmmdas pelos pesqusadores (ressarcimento com transporte e alimentagdo). ]

Em cazo de dividas relacionadas aos aspectos éticos deste estudo, vocd podera consultar o Comité de Etica em Pesquisa
Envolvendo Seres Humanos da UFPE no endereco: (Avenida da Engenharia s/n — Prédio do CCS - 1° Andar, sala 4 - Cidade
Universitaria, Recife-PE, CEP: 50740-600, Tel.: (81) 2126.8588 — e-mail: cepcesi@ufpe.br).

Assinatura do pesquisader ()
CONSENTIMENTO DO RESPONSAVEL PARA A PARTICIPACAO DO/A VOLUNTARIO

Eu, . CFF . abaimo  aszmado, responsavel  por
. autorizo a sua participagdo no estudo “Padrio mastizatorio de criangas de 7 a 12 anos de
idade da zona da mats do estado de Pemambuco, Brasil, com sobrepeso’obesidade”, como voluntirio (2). Ful devidamente
informade (a) e esclarecido () pelo (2) pesquisador (a) sobre 3 pesquisa, o3 pm:.edjm&ntns nela envolvidos, assim como o3
poseivelz riscos @ beneficies decorrentes da participagdo dele (a). Foi-me garantide que posso retirar © meu congentimento a
qualquer momento, sem que 1sto leve a qualgquer penalidade para mim ou para o (2) menor em questdo.
Local e data

Assinatura do (da) responsavel: [mpressdo
Digital
Presenciamos a solicitacio de consentimento, esclarecimentos sobre a pesquisa e aceite do {oprional)

sujeito em participar. (2 testemunhas (ndo ligadas 2 equipe de pesquizadores):

MNome: Nome:

Agsinatura: Agsinatura:
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UNIVERSIDADE FEDERAL DE PERNAMBUCO
CENTRO ACADEMICO DE VITOERLA DE SANTO ANTAQ

TERMQ DE ASSENTIMENTO LIVRE E ESCLARECIDO

OBS: Este Termo de Asseniimente para o mener de 7 a 18 anos nde eliming a necessidade da elaboragio de um Terme de Consentimento
Livre & Esclarecide gue deve ser assinade pele responsdvel ou represemiante legal do memor.

Convidamos voce . apos autorizagio dos seus pais [ou dos responsavels
legais] para participar como vohmntane (a) da pesqusa: “Padr3o mastigatono de cnangas de 7 a 12 anos de 1dade da zona da mata
do estado de Permmambuco, Brasil com sobrepeso/obesidade™ Esta pesquisa é da responsabilidade da pesquizadora Eelli
MNogueira Ferraz Pereira Althoff endereco: B Alto do Reservatonio, 5/n - Bela Vista, Vitdna de Santo Antio — PE. CEP: 55608-
680/ Telefona: (81)99825-5212, E-mail : kelliferraz@hommail com. Também participa deste trabalho a pesquisadora Fenata
Emmanuele Assungde Santos, Telefone: (81) 9556-3248, e-mail: Renataemmanueledyahoo. com br.

Vocé sera esclarecido (a) sobre qualquer dinida com o responsavel por esta pesguisa. Apenas quando todos o3
esclarecimentos forem dados 2 vocé concorde com a reabizagio do estudo, pedimes que rubngue as folhas e assme ao final deste
documento, que esta em duas vias. Uma via deste termo lhe se1a entregue para que seus pals ou responsavel possam guarda-la e a
outra ficara com o pesguisador responsavel

Voce estara livre para decidr participar ou recusar-se. Case nio aceite participar, nio havera nenbum preblema, desistir &
um direito seu. Para participar deste estudo, um responsavel por voceé devera autorizar e assmar um Termo de Consentmento,
podendo refirar esse consenfumento ou inferromper a sua parbcipacdo em qualouer fase da pesquisa. sem nenhum prejuizo.

INFORMACOES SOBRE A PESQUISA:
¥ O objetive da pesquisa & avaliar o padrio mastgatorio de erancas de 7 a 12 anos de idade da zona da Mata do
Estado de Pernambuce, Brasil, que apresentam ou nic sobrepeso/obesidade. O estudo sera realizado com uma
amostra de 240 enangas de 7 a 12 anos de 1dade, de ambos os géneres, de escolas pablicas do Municipio da Vitona
de Santo Antic, entre o periodo de agosto de 2017 a dezembro de 2020. Serio feitas avaliagdes do padrio
antropométnico, da integridade oral, da qualidade & funcio mastigatéria, bem comeo uma avaliagio miofuncional
orofacial.

¥ O nsco direto para as enangas & de haver constrangimento no momente da avaliagio anfropometrica, cliniea oral e
da gquahidade mashzatoria. Caso 15to ocorra as analizes serio mmediatamente mmterrompidas.
# Como beneficios, as eriangas receberdo as devidas orlentagdes nufricionals e fonoaudielogicas, quando necessano

As informagfes desta pesquisa serio confidenciais e serdo divulgadas apenas em eventos ou publicagdes cientificas, nio
havendo identificagie dos voluntanies, a ndo ser entre os responsaveis pelo estude, sendo assegurado o sigilo sobre a participagio
do/a voluntanio {a). Os dados coletades nesta pesquisa (entrevistas e filmagens), ficarSo amazenados em computador pessoal, sob
a responsabibdade do pesqusador, no endereco acima informado, pelo periodo de mimmo 5 anos.

Mem voce e nem seus pals [ou responsavels legais] pagaric nada para voceé parheipar destz pesquisa, também ndo
receberio nenhum pagamento para 3 sua participagio, pois & voluntana. Se houver necessidade, as despesas (deslocamento e
almentagio) para a sua participagio e de seus pals serdo assumdas ou ressareidas pelos pe;qm_-.adnre; Fica também garantida
indenizacio em casos de danos, comprovadamente decorrentes da sua participagio na pesquisa, conforme decisio judicial ou
extra-judicial. .

Este decumento passou pela aprovagdo do Comuté de Etica em Pesquisa Envelvendo Seres Humanes da UFPE que esta
no endereco: (Avenida da Engenharia s'n — 1° Andar, zala 4 - Cidade Univerzitaria, Recife-PE, CEP: 50740-600, Tel.: (§1)
I116.5585 — e-mail: cepeez@ufpe.br).

Assinatura do pesqmsader (a)
ASSENTIMENTO DOMDA) MENOE DE IDADE EM PARTICIPAR COMO TGLT__}—IARIDI:AJ

Eu, portador (3) do documento de Identdade (se ja tiver
documents)), abaixe assmado, concordo em participar do estudo “Padrio mastigatdrio de cnangas de 7 a 12 anos de idade da zona
da mata do estado de Pernambuco, Brasil, com sobrepeso/obesidade”, como veoluntane (a). Fm mformade (3) e esclarecido (a)
pelo (a) pesquisador (2} sobre a pesquisa. o que val ser feito, assmm como o5 possivels rnscos e beneficios que podem acontecer
com 2 minha participagie. Foi-me garantide que posso desistr de participar a qualquer momento, sem que su ou meus pals
precise pagar nada.

Local e data

Aszinatura do (da) menor :
Presenciamos a solicitagio de assentimento, esclarecimentos sobre a pesquisa e acette do/a voluntanie/a em partcipar. 02
testemunhas (ndo higadas 3 equipe de pesgmsadores):

Nome: MNoma:

Assinatura: Assinatura:
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ARTICLE INFO ABSTRACT

Keywords: Childhood obesity is a significant public health problem. Studies show that obese children are more likely to

Obesity become obese adults. In an attempt to ascertain the factors associated with childhood obesity, research has

ghh'ld .obesnty shown that this condition is associated with changes in food consumption and masticatory performance. The aim
ewing

of this study was thus to evaluate food consumption and masticatory performance in normal weight, overweight
and obese children aged 7 — 12 years. A cross-sectional study was carried out with 92 children aged 7 — 12 years,
of both sexes, from a public school in a Brazilian municipality. The children were divided into the following
groups: nomal weight (n = 48), overweight (n = 26) and obese (n = 18). Anthropometric parameters, food
consumption, food consistency preference, and masticatory performance were evaluated. Pearson’s chi-square
test was used to compare categorical variables. To compare numerical variables, the one-way ANOVA test
was applied. For variables not conforming to a normal distribution, the Kruskal-Wallis test was used. The level of
statistical significance was set at p < 0.05. Our results show that the children with obesity consumed fewer fresh
foods (median = 3, IQI = 4.00-2.00, p = 0.026), consumed more ultra-processed foods (median = 4, IQI =
4.00-2.00, p = 0.011), performed fewer mastication sequences (median = 2, IQI = 3.00-2.00, p = 0.007), and
ate faster (median = 58.50, IQI = 69.00-48.00, p = 0.026) compared to children of normal weight. We conclude
that children with obesity exhibit differences in food consumption and masticatory performance compared to
children of normal weight.

1. Introduction diseases, in addition to cancer, and psychological and physiological
symptoms that may already begin to appear in childhood [4].
Obesity is a metabolic disorder that is considered to be multifactorial

in character [5]. One of the factors involved is poor diet. Many children

Childhood obesity is a serious public health problem. It is considered
an epidemic of the 21st century and one of the greatest health problems

among children [1]. According to data from the Brazilian Institute of
Geography and Statistics (IBGE), one out of every three children aged
between 5 and 9 years in Brazil is considered overweight [2], repre-
senting 14.1% of the child population of the country [3]. This scenario is
worrying and has serious consequences for health, since obesity devel-
oped in childhood becomes a risk factor for chronic non-communicable
diseases in adult life, including type 2 diabetes and cardiovascular

are overweight due to an imbalance in food intake, higher consumption
of ultra-processed foods, fast foods, snacks, and sugars, and lower con-
sumption of fruits and vegetables [4]. According to Gadelha et al.
(2019), the main changes in food patterns in emerging countries involve
the replacement of minimally processed plant-based foods with
ready-to-eat industrialized products, and this is associated with the
emergence of chronic diseases [6].
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Studies show that childhood obesity is associated with changes in
mastication [7,8]. Chewing is the first stage of digestion and is respon-
sible for crushing food into smaller particles in order to facilitate the
gastrointestinal absorption of nutrients. [9]. Chewing is coordinated by
a muscle group composed of the masseter, temporal and buccinator
muscles. These act primarily during the food grinding stage and are
extremely important in the execution of the chewing cycles [10].

Research shows that a higher body mass index (BMI) in children is
associated with inadequate processing of chewable material, as shown
by the larger size of particles produced after a series of mastication se-
quences [11], and the fact that children with a higher degree of obesity
take less time to eat and perform fewer chewing cycles [12]. Santos et al.
(2022) also found that children aged 7 — 10 years presented changes in
mastication, as indicated by larger bite sizes, fewer masticatory se-
quences, and rapid mastication [13]. However, Pedroni-Pereira et al.
(2016) analyzed the masticatory performance of children and adoles-
cents using a colorimetric method and did not find any changes in the
physiological parameters of mastication [14]. Furthermore, it has not
been possible to identify any studies that have analyzed the electrical
activity of the masticatory muscles in association with an assessment of
food intake in children with obesity.

Studying the factors associated with the development of childhood
obesity is of great importance in helping to create effective therapeutic
strategies to combat this disease and thereby improve the quality of life
of affected subjects. The present study aims to evaluate food consump-
tion and masticatory performance in normal-weight, overweight and
obese children aged 7 — 12 years.

2. Methodology
2.1 Study design and sample

A cross-sectional study was carried out with a sample of 92 children
aged 7 — 12 years, of both sexes (61.9% girls and 38.1% boys), all of
whom were students at a public school in the municipality of Vitoria de
Santo Antao, in the Mata region of the southern part of the Brazilian
State of Pernambuco. The study was submitted to and approved by the
Research Ethics Committee of the Health Sciences Center of the Federal
University of Pernambuco (CEP/CCS/UFPE), number CAAE
70,280,017.7.0000.5208, in accordance with Resolution 466/12 of the
CNS and work was not commenced until approval had been received.

The sample size was calculated using the WinPepi program [11],
using the following criteria: an estimated population of 160, a 95%
confidence interval, an estimated prevalence of child obesity of 16%
(according to previous studies by our research group), giving a mini-
mum sample of 91 students. After assessment, the children were divided
into three groups: normal weight (> z-score —2 and < z-score +1) (n =
48), overweight (> z-score +1 and < z-score +2) (n = 26) and obese (>
z-score +2) (n = 18), according to BMI reference data for age and sex
[15].

Informed consent was first obtained from the children and their
parents or guardians. The following inclusion criteria were established
for participation in the study: children aged between 7 and 12 years of
either sex. Children who showed obvious signs of neurological impair-
ment were excluded, as were those who had a history of orthodontic
treatment, speech therapy for orofacial motricity, facial surgery, and/or
craniofacial malformations, girls who had already experienced their first
menstrual cycle, and any children who refused to participate in the
research. Underweight children were also excluded.

2.2 Anthropometric assessment

Anthropometric parameters relating to weight, height, waist
circumference (WC), abdominal circumference (AC), hip circumference
(HC), triceps skinfold and subscapular skinfold were evaluated. The
children’s weight and height were measured using a Lider® digital scale
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with a precision of 100 g and a Slim-Fit® compact stadiometer fixed to
the wall. These measurements were collected in duplicate, using the
techniques laid out in the WHO Multicenter Growth Benchmark Study
[15]. The Body Mass Index z-scores for age were calculated using Anthro
computer software (version 7.0) and growth pattern curves, both pro-
vided by the WHO [16].

Waist circumference was measured along an imaginary horizontal
line passing through the midpoint between the lower edge of the last rib
and the iliac crest. Waist circumference was measured at the point of
least difference between the last rib and the iliac crest [17]. Hip
circumference measurement was performed around the widest part of
the trochanter (buttocks) [18].

Triceps and subscapular skinfolds (mm) were measured using a
clinical plicometer (CESCORF®) in accordance with the standard pro-
tocol [17]. Skinfold measurements, including circumferences, were
carried out in the right hemisphere of the region evaluated and repeated
twice for each location [17].

The waist-to-height ratio (WHtR) was calculated as waist circum-
ference (cm) divided by height (em) [19]. A waist-to-height ratio greater
0.5 is associated with a higher risk of obesity-related morbidity [20].
The children were therefore grouped into two categories around this
cutoff point—WHtR < 0.5 and WHtR > 0.5 [19].

2.3 Oral clinical evaluation

To establish the dental status of the children and apply the exclusion
criteria, an oral clinical evaluation was performed by an appropriately
trained dentist, under ambient light, using a tongue depressor. The
number of decayed, missing and filled teeth (DMFT) was quantified
[21]. No distinction was made between deciduous and permanent teeth,
since the children had mixed dentition [22]. Dental malocclusion was
also evaluated using the malocclusion index recommended by the WHO
in 1987 [23] and used in epidemiological studies in Brazil [24,25]. This
index classifies dental occlusion as normal, mild malocclusion, or
moderate /severe malocclusion.

24A

of food ¢ pti

The children’s food consumption was assessed using a 24 h diet recall
[26], the aim being to evaluate the consumption of food and beverages
in the 24 h prior to the interview. With the help of a photo album, the
children were instructed to report, in detail, the size and volume of the
portions consumed, the brands of products and the method of
preparation.

2.4.1 Food consistency preference assessment

The food consistency preference assessment was based on a protocol
adapted from Soares et al. [11]. The food consumed by the children, as
reported in the 24 h diet recall, was used to quantify the daily frequency
of ingestion of solid, liquid and ground foods [11].

24.2A of food ¢ pti
processing

The foods consumed, as reported in the 24 h diet recall, were clas-
sified and quantified into three groups, in accordance with the system
proposed by Monteiro et al. (2017) [27] and used in other studies [28,
29]. This classification divides foods according to the degree of pro-
cessing, as follows:

according to the degree of food

e Group 1 - Minimally processed foods: vegetables, fresh fruits, roots
and tubers; grains and cereals; legumes; dried fruits, fruit or vege-
table juices; oilseeds without salt or sugar; flours, pasta and fresh
pasta; meat; fresh, pasteurized or ultra-pasteurized or powdered
milk, yogurt (no added sugar); eggs; teas, coffee and drinking water.

e Group 2 - Processed foods: canned foods; candied fruits, jellies; dried
meat and bacon; canned sardines and tuna; cheeses.
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e Group 3 - Ultra-processed foods: breads, cakes and baked goods;
cookies, ice cream, chocolates, candies and sweets in general; cereal
bars; breakfast cereals with added sugar; sweetened and flavored
yoghurts and dairy drinks; energy drinks; frozen and ready-to-heat
products (pasta, pizza, hamburgers), meat extract products such as
nuggets and sausages, pre-prepared dishes; ready-made sauces; hy-
drogenated vegetable shortening (margarine), snack foods; sauces;
sweet and savory snacks; soft drinks and industrialized juices; meats,
canned and dehydrated soups, ready-made pasta; infant formulas,
follow-on milks, baby foods; and artificial sweeteners.

This classification system was used to calculate the total quantity of
food in each group (minimally processed, processed and ultra-
processed) consumed by the children in the last 24 h.

2.5 Evaluation of the electrical activity of the superficial bundle of the
masseter muscle

The EMGs were performed on a six-channel MIOTOOL 400 Miotec®
device connected to a Samsung® laptop computer and Windows® 2010
operating system. A USB communication cable connected the electro-
myograph and the laptop, and the Miograph 2.0 data acquisition system
software made it possible to select eight independent gains per channel,
using a gain of 1000. A 5 — 60 Hz band-pass filter was also used and all
the equipment was placed on a wooden table. Two SDS500 sensors
connected by clamps, a grounding cable and a calibrator were also used.

Two input channels, one for each of the muscles studied, were used
to collect the electromyographic records. Five simple, differential, sur-
face active electrodes (3 M Brasil Ltda) were employed. These possessed
a foam backing, covered in acrylic adhesive, a polyethylene front label,
316 stainless steel pins, and an ABS polymer cotter pin with fiberglass
covered with silver-silver chloride and coated with polyethylene and
silicone. The electrodes were positioned under the anatomical region as
close as possible to the muscles studied (the superficial bundle of the
right and left masseter muscles), parallel to the muscle fibers, with the
silver bars perpendicular to them, for the purpose of maximizing capture
of electrical activity and minimizing noise interference [30].

The children were trained in advance, prior to collection of elec-
tromyographic data, to ensure the consistency of the results. The skin in
the region of the muscles to be studied was cleaned using cotton soaked
in 70% ethyl alcohol. To avoid electromagnetic interference during the
examination, and for the protection of children, a reference electrode
was attached to the forearm [31]. When undergoing evaluation, the
children were seated comfortably in a chair, with the trunk erect, feet
flat on the floor, and head oriented according to the Frankfurt horizontal
plane, parallel to the floor [31].

Assessment of muscle activity was then carried out using bilateral
electromyographic recordings of the right and left masseter muscles,
during the following tasks (Fig. 1):

Maximum voluntary contraction (MVC): The child was instructed to
bite as hard as possible into two 10 mm thick cotton rolls, positioned
bilaterally in the premolar and molar regions, for 3 s [32]. The following
verbal command was given at the time of this assessment: "press down,
press down, press down, release." This task was repeated three times,
with an interval of 10 s between each contraction. The median of the
three MVC attempts, in pV, was used for further analysis [33].

Maximum Intercuspation (MIC): The child was instructed to clench his
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or her teeth, contracting the masticatory muscles bilaterally and
simultaneously, with maximum dental intercuspation and to maintain
this contraction for 3 s. The following verbal command was used: "press
down, press down, press down, release" [31].

Rest (R): The child was instructed to remain at rest, without
speaking, chewing or swallowing, for a period of 30 s. The following
verbal command was given: "Relax, be calm. Don't try to use your mouth
to say anything, chew, or swallow, until I tell you to". [34].

Habitual mastication (HM): The child was invited to chew a Bono®
(Nestlé Brasil Ltda) sandwich cookie in their normal manner, until
completely swallowed [35]. This food product was chosen for reason of
ease of handling, broad acceptance among children, and that fact that it
is used in orofacial myofunctional assessment protocols [36,37].

Digital processing of the myoelectric signal in the amplitude domain
by the root mean square (RMS) was used for quantitative analysis of the
data obtained. Analysis of the electromyographic signal was performed
taking the average in uV of the three repetitions requested in the MVC
task, taking 100% to be the reference value. All signals were presented in
terms of a percentage of this reference value, for each subject [38].

2.6 Assessment of masticatory mandibular movements

Evaluation of masticatory performance was performed by way of
analysis of mandibular movements during mastication. This analysis
was performed usingof a Bono® brand sandwich biscuit (Nestlé Brasil
Ltda., Marilia, SP, Brazil). The evaluations were recorded using a camera
(Sony Cyber Shot DSC—HX300, Sao Paulo, Brazil) and the respective
analyses were carried out by two duly qualified and trained examiners.
The agreement between the evaluators is shown in Table 1. Chewing
was recorded with the child seated in a chair with a backrest, feet
positioned on the floor, at a standard distance (1 m) from the camera
lens [39]. The children were instructed to chew the sandwich cookie in
the usual way (free chewing).

The masticatory performance was determined by quantification of
the physiological parameters of mastication, as outlined in other studies
[40-42] and described in Table 2. The number of masticatory cycles, the
chewing rate and the chewing frequency were based on the first chewing
sequence of each child.

2.7 Orofacial myofunctional assessment

Orofacial myofunctional assessment was carried out using the
expanded scoring protocol (OMES-e) [43], while the child was chewing
a sandwich cookie. The following aspects of mastication taken from this
protocol were observed: food incision (incisor / canine / premolar /
molar bite); type of chewing (unilateral / bilateral); movements of the
head or other parts of the body while chewing; food leakage during
chewing; and, duration of mastication. In this protocol, a higher score
indicates better orofacial myofunctional performance.

2.8 Statistical analysis

A pilot study was conducted prior to data collection to confirm the
reproducibility of the measurements made and the effectiveness of the
application of the protocols. The database was built up using Microsoft
Excel 2016®. Categorical variables were described using absolute fre-
quency (n) and relative frequency (%), and numerical variables using

Mnaimiim Maximum
Voluntary \ :
Contianting ’ Intercuspation
3 seconds
3 seconds

Rest Habitual
Mastication

30 seconds Free time

Fig. 1. Activities performed during analysis of electrical activity of superficial bundle of masseter muscle in normal weight, overweight and obese children aged 7 -

12 years.
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Table 1

Intraclass correlation coefficients (ICC) from analysis of masticatory parameters of normal weight, overweight and obese children aged 7 - 12 years, measured by two

examiners.

Examiner 1 Examiner 2
Masticatory parameters N Median 1Q1 Median QI IcC
Masticatory sequence 92 3.00 2.00-4.00 3.00 2.00-4.00 0.900
Median of masticatory cycles 92 20.00 17.00-27.00 21.50 17.00-28.00 0.912
Masticatory rate (cycles/min) 92 64.28 57.73-73.25 68.76 58.88-73.71 0.743
Meal time (s) 92 61.00 52.00-75.00 59.00 48.00-73.00 0.969
‘OMES-e Score 92 19.00 16.00-20.00 20.00 16.00-20.00 0.848
parametric analysis was used.
Table 2

Description of masticatory parameters.

Parameters Description

Number of masticatory Number of chewing movements performed from incision

sequences to food swallowing.
Number of masticatory Number of jaw opening/closing movements per
cycles* swallowing.
Chewing time* Time used to perform the opening/closing movements of
the mandible.

Chewing frequency* Number of jaw opening/closing movements per second

(cycles/sec) (Number of masticatory cycles / chewing time in
seconds).
Meal time(s) Time required to completely ingest the food.
Masticatory rate (cycles/  Number of jaw opening/closing movements per minute
min) (Total number of masticatory cycles / meal time in

minutes).

*Only the first masticatory sequence was considered.

mean and standard deviation (for normally distributed variables) and
median and interquartile range (IQI) (for variables not normally
distributed). Data normality was tested using the Kolmogorov-Smirnov
test. For those variables that appeared to deviate from a normal distri-
bution, logarithmic transformations were tried, and then non-

Pearson’s chi-square test was used to compare categorical variables,
and numerical variables (in most cases) were compared using the
parametric one-way ANOVA test (for nutritional status). For variables
that did not conform to a normal distribution, the Kruskal-Wallis test
was used. Masticatory variables by waist-to-height ratio in relation to
the cutoff point were compared using the t-test for independent samples.
In this case, the Mann Whitney U test was used for non-normally
distributed variables. The level of statistical significance was set at p
< 0.05. Analyses were performed using SPSS® version 20.0 and Sig-
maStart® version 5.0.

3. Results

The general characteristics of the normal weight, overweight and
obese children aged 7 — 12 years are shown in Table 3. It is worth noting
the high proportion of overweight children (47.9%), as well as the high
frequency of children with chronic obesity (19.6%). Compared to chil-
dren of normal weight, children with obesity were found to have greater
body weight (p < 0.001), BMI (p < 0.001), waist circumference (p <
0.001), abdomen circumference (p < 0.001), hip circumference (p <
0.001), triceps skinfold (p < 0.001) and subscapular skinfold (p <

Table 3
General characteristics of normal weight, overweight, and obese children aged 7 — 12 years.

Normal weight Overweight Obesity

(n = 48) (n = 26) (n=18)

N % n % n % P
Children 48 52.2 26 283 18 19.6
Sex
Female 32 56.1 18 31.6 7 123 0.078
Male 16 45.7 8 229 11 314
Age
7 years 2 40.0 1 20.0 2 40.0
8 years 10 55.6 5 27.8 3 16.7
9 years 8 47.1 6 35.3 3 17.6 -
10 years 20 50.0 11 27.5 9 225
11 years 6 60.0 3 30.0 1 10.0
12 years 2 100.0 o 0.0 0 0.0
Dental occlusion
Normal 30 49.2 19 31.1 12 19.7 0.655
Mild malocclusion 18 58.1 7 22.6 6 19.4

Median 1Q1I Median (0 Median QI P
Age (years) 10.00 8.00-10.00 10.00 8.25-10.00 10.00 8.00-10.00 0.755
Weight (Kg) 29.95 26.55-4.52 39.70° 35.72-3.12 45.50* 40.85-2.90 <0.001*
Height (cm)# 137.58 +=10.38 138.69 =8.20 140.00 =10.67 0.664
BMI (Kg/m2) 16.25 14.70-7.65 20.15° 19.77-1.07 24.70* 23.45-6.45 <0.001*
Birth weight (g) 3300.00 2837.50-3725.00 3390.00 2640.00-3675.00 3500.00 3310.00-3850.00 0.201
Waist circumference (cm) 57.00 54.00-0.25 67.00 ® 64.12-9.00 76.00 * 73.00-1.25 <0.001*
Abdomen circumference 59.00 56.50-4.25 7175 ° 69.00-4.00 81.00 * 76.00-6.00 <0.001*
Hip circumference (cm)# 71.80 +7.04 81.01° +541 89.41 * +8.38 <0.001*
Triceps skinfold 11.50 10.00-6.00 19.00 ® 17.00-0.00 24.00 % 19.00-7.00 <0.001*
Subscapular skinfold 6.50 5.00-10.00 14.00° 10.00-6.00 20.00 * 15.50-2.00 <0.001*
Missing teeth 0.00 0.00-0.50 0.00 0.00-0.00 0.00 0.00-0.00 0.059
Restored teeth 0.00 0.00-1.00 0.00 0.00-0.00 0.00 0.00-0.00 0.098
Decayed teeth 0.00 0.00-2.00 0.00 0.00-1.00 0.00 0.00-0.00 0.081

Comparison of categorical variables: Person’s chi-square test; #Variables normally distributed/data expressed as mean + SD. Comparison of numerical variables:
Kruskal-Wallis test (One-Way ANOVA for variables normally distributed). a: difference between obese group and normal weight group; b: difference between over-
weight group and normal weight group; c: difference between obese group and overweight group. “p < 0.05.
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0.001). No differences were found in relation to dental occlusion, or
numbers of missing, restored or decayed teeth.

Table 4 compares food consistency preference and consumption of
minimally processed, processed and ultra-processed foods among these
normal weight, overweight and obese children aged 7 — 12 years. No
differences were found in relation to the consumption of solids (p =
0.744), liquids (p = 0.452) or ground foods (0.086), according to
nutritional status. On the other hand, analysis of the frequency of con-
sumption of foods with different degrees of processing showed that
overweight and obese children (p = 0.026) consumed fewer fresh and
minimally processed foods compared to children of normal weight.
Children with obesity likewise consumed more ultra-processed foods in
relation to children of normal weight (p = 0.011).

Analysis of electrical activity in the right and left masseter muscle of
normal weight, overweight and obese children while chewing a sand-
wich cookie (Table 5) did not reveal any differences for MVC, MIC,
habitual mastication or rest. On the other hand, evaluation of the
masticatory performance of children when consuming the same kind of
cookie (Table 5), found that children with obesity performed fewer
mastication sequences (p = 0.007) and took less time to eat (p = 0.026)
compared to children of normal weight.

Assessment of the children’s masticatory activity in relation to the
waist-to-height ratio (Table 6) found that children with a WHtR greater
than the 0.5 cutoff point presented more electrical activity in the right (p
= 0.018) and left (p = 0.007) masseter muscles during rest and spent less
time eating (p = 0.046) compared to children with WHtR < 0.5.

4. Discussion

The present study aimed to evaluate the food consumption and
masticatory performance of normal weight, overweight, and obese
children aged 7 - 12 years. The results showed that children with obesity
consumed fewer fresh foods and more ultra-processed foods, performed
fewer mastication sequences, and ate faster than children of normal
weight. Our findings suggest that children with obesity present alter-
ations in food consumption and masticatory performance. It may be
possible to use these results in future to guide development of strategies
to combat childhood obesity and its associated comorbidities.

Anthropometric characterization of children aged 7 to 12 years
showed that 47.9% were overweight and 19.6% were obese. These fig-
ures exceed those found for Brazil as a whole, where 2.6% of girls and
30% of boys aged 5 — 19 are overweight. [1] and 14.1% of children are
obese [3]. It has, furthermore, been shown that 10% of school-age
children in various parts of the world are obese [44]. Studies indicate
that obese children are more likely to become obese adults [45,46] and
that the risk of childhood obesity persisting into adulthood increases
with age, regardless of the age at which the child developed obesity
[47].

The present study found that children with obesity consumed more
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ultra-processed foods compared to children of normal weight. Ultra-
processed foods are ingredient formulations, for the most part inten-
ded exclusively for industrial use, produced by a series of industrial
processes [48]. These foods constitute a serious health concern, since
they are usually high in caloric density, sodium, sugar, saturated and
trans fats, and low in fiber and protein [49]. Studies have indicated
positive associations between consumption of ultra-processed foods and
body fat in childhood and adolescence [50,51]. In Brazil, an increase in
the intake of processed foods, sugar-sweetened beverages and refined
carbohydrates has occurred parallel to the increase in the prevalence of
overweight and obesity [52]. The high energy density of ultra-processed
foods may partially explain the association between their intake and
excess adiposity [53]. Studies show that lower consumption of fruits and
vegetables and higher consumption of energy-dense foods is associated
with poor masticatory function [54,55], which in turn is associated with
the development of obesity [56,57].

Analysis of the electrical activity of the masseter muscle of the
normal weight, overweight and obese children examined in the present
study, during MVC, rest and habitual mastication, did not reveal any
statistically significant differences. A comparison of the waist-to-height
ratio, however, revealed that children with WHtR greater than the 0.5
cutoff point showed a higher level of electrical activity in the right and
left masseter muscles during rest. Other studies have suggested that, in
the absence of stimuli, the electrical activity of the muscles associated
with mastication is minimal [58,59]. It is therefore believed that
increased activity of these muscles during rest is associated with fatigue
[60,61], and this may compromise masticatory performance. Muscle
fatigue is a physiological and biochemical process in which a particular
muscle or group of muscles is unable to maintain constant strength [62].
It is thus reasonable to assume that, if the masseter muscle is stimulated
at rest, it is likely to fatigue more quickly during the execution of
masticatory movements, leading the individual to eat more quickly, as
was also found in our study.

Our evaluation of masticatory performance revealed that children
with obesity performed fewer mastication sequences and ate more
quickly than normal weight children. Similar findings have been re-
ported by Sato & Yoshike (2010), who observed that 5- and 6-year-old
children with a higher degree of obesity had shorter meal times and
performed fewer chewing cycles [12]. Another study showed that chil-
dren aged 8 — 12 years ate faster when compared to children of normal
weight [57]. Children who chew less and in less time take longer to be
satisfied with the amount of food ingested, and this may lead to the
ingestion of more food, predisposing the child to an increase in BMI and
the development of obesity [63].

A number of limitations of the present study should be acknowl-
edged. (1) The cross-sectional design of the study only provides a one-off
assessment of the characteristics of the population and does not make it
possible to establish any causal relationship, for which it would be
necessary to cairy out a longitudinal study. (2) The extent to which the

Table 4
Preferences regarding food ¢ y and ¢ tion of lly processed, processed and ultra-processed foods among normal weight, overweight, and obese
children aged 7 — 12 years.
Normal weight Overweight Obesity
(n = 48) (n = 26) (n=18)
Median 1Q1 Median 1Q1 Median 1Q1 p
Food consistency
Solid foods 8.50 7.00-10.00 8.00 7.00-9.00 8.00 6.00-0.00 0.744
Liquid food 2.00 1.50-4.00 2.00 1.75-3.00 2.00 2.00-4.00 0.452
Ground foods 0.00 0.00-0.75 0.00 0.00-0.00 0.00 0.00-1.00 0.086
Food consumption
Minimally processed foods 4.00 3.00-5.00 3.00° 2.00-4.00 3.00* 2.00-4.00 0.026*
Processed foods 0.50 0.00-1.00 1.00 0.00-1.00 1.00 0.00-1.00 0.303
Ultra-processed foods 2.00 1.00-3.00 3.00 2.00-3.00 4.00* 2.00-4.00 0.011*

Kruskal-Wallis Test and Dunn’s Post-test. a Differences between obese and normal weight groups. *p<0.05. b Differences between overweight group and normal

weight group.
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Table 5
Mean electrical activity of the masseter muscle and masticatory performance of normal weight, overweight and obese children, while chewing sandwich cookie.

Normal weight Overweight Obesity

(N = 48) (N = 26) (N =18)
Mean electrical activity of masseter muscle

Median 1Q1 Median Q1 Median 1Q1 p
Maximum Intercuspation
Right masseter (%) 101.56 68.51-177.74 70.10 58.00-109.28 96.72 59.57-117.77 0.068
Left masseter (%) 19.06 15.11-24.34 19.27 13.17-21.89 23.81 15.35-30.00 0.235
Rest
Right masseter (%) 3.47 2.15-5.33 4.08 3.23-6.44 412 2.48-8.80 0.194
Left masseter (%) 3.83 2.11-5.56 4.42 3.06-5.54 5.51 2.87-14.35 0.202
Habitual mastication
Right masseter (%) 17.81 12.55-26.50 19.09 12.49-26.42 14.94 11.04-19.76 0.503
Left masseter (%) 18.37 12.88-27.97 17.50 14.79-20.10 16.28 13.23-22.71 0.666
Masticatory performance

Median Q1 Median (0] Median 1Q1 P
Masticatory sequences 3.00 3.00-4.00 3.00 2.00-4.00 2.00* 2.00-3.00 0.007*
Masticatory cycles 21.00 13.50-30.50 22.00 17.00-27.00 26.50 20.00-35.00 0.336
Chewing time (s) 16.27 9.86-22.62 15.87 12.10-19.10 19.47 10.70-27.00 0.572
Chewing frequency (cycles/s) 0.67 0.59-0.075 0.69 0.59-0.75 0.64 0.59-0.75 0.840
OMES-e Score 20.00 15.00-20.00 18.50 16.00-20.00 19.50 16.00-20.00 0.766
Meal time (s) 72.00 59.50-92.50 71.50 61.00-85.00 58.50% 48.00-69.00 0.026*
Masticatory rate (cycles/min) # 64.45 +10.42 64.84 +11.39 65.15 +9.52 0.969

Kruskal-Wallis Test and Dunn'’s Post-test. #0ne Way Anova/ Data expressed as mean + SD. aDifferences between obese group and normal weight group. *p < 0.05.

Table 6
Mean electrical activity of masseter muscle and masticatory performance of
children by waist-to-height ratio.

Waist-to-height ratio < Waist-to-height ratio >

0.5 0.5
(N = 65) (N=27)
Mean electrical activity of masseter muscle
Median 1Q1 Median 1Q1 P
Maximum Intercuspation
Right masseter 18.65 14.96-22.06  21.35 14.03-29.23  0.276
(%)
Left masseter 18.89 14.44-22.75  21.89 18.23-30.00  0.052
(%)
Rest
Right masseter 376 2.16-5.22 4.36 3.55-7.29 0.018*
(%)
Left masseter 3.88 2.05-5.41 5.09 3.80-12.02 0.007*
(%)
Habitual mastication
Right masseter 18.01 12.46-26.74 15.85 11.48-24.58 0.515
(%)
Left masseter 17.75 13.00-23.40 17.36 14.15-25.67 0.938
(%)
Masticatory performance
Median 1Q1 Median 1Q1 P
Masticatory 63.00 52.75-86.00 58.00 46.50-66.50  0.092
sequences
Masticatory 21.00 14.00-29.00 25.00 17.75-3475 0.172
cycles
Chewing time 16.35 10.23-21.91 17.25 12.33-25.58 0.294
(s)
Chewing 1.37 1.18-1.52 1.28 1.18-1.50 0.563
frequency
(cycles/s)
OMES-e Score 20.00 16.00-20.00 19.00 16.00-20.00 0.626
Meal time (s) 72.00 59.75-91.50 64.00 53.50-72.75 0.046*
Masticatory rate 64.50 +10.50 65.17 +£10.42 0.780
(cycles/min)
#

T test (#Mann Whitney test/ data expressed as mean + SD). *p < 0.05.

children engaged in physical activity level was not measured. (3) Food
consumption data were limited to single day, since the children’s eating
habits were evaluated using a 24 h diet recall. (4) A single kind of food
was used to assess masticatory performance.

Our study is nevertheless the first to assess the masticatory charac-
teristics of obese children aged 7 — 12 years and to characterize

masticatory performance and food consumption. The findings of the
present study may therefore help to develop strategies aiming to prevent
and control childhood obesity.

5. Conclusion

Our study concludes that children with obesity present lower con-
sumption of minimally processed foods, higher consumption of ultra-
processed foods, perform fewer masticatory sequences and eat faster
than children of normal weight. These results may help to create stra-
tegies that aim to combat childhood obesity.
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KEYWORDS Abstract

Mastication; Objective: The objective of this study was to analyze masticatory characteristics in children
Child; from 7 to 10 years, and to compare these characteristics among normal weight, overweight and
Obesity; obese children.

Pediatric obesity; Methods: This is a cross-sectional study, conducted in northeast Brazil, with a sample of 160 chil-
Stomatognathic dren, aged 7 to 10 years. The authors evaluated: nutritional and dental status; food intake; masti-
system catory parameters and orofacial myofunctional characteristics. The children were divided according

to nutritional status into normal weight (n = 101), overweight (n = 33) and obesity (n = 26) groups.
Results: The results showed that Obese children had a larger bite size (g) (median = 6.0, Q1-
Q3 = 4.0-9.0, p = 0.049) and performed fewer masticatory sequences (median = 3.0, Q1-
Q3 = 2.0-3.2, p = 0.024) than children with normal weight (median = 5.0, Q1-Q3 = 4.0-7.0;
median = 4.0, Q1-Q3 = 3.0-5.0). Furthermore, obese children finished feeding in a shorter time
(s) (median = 62.5, Q1-Q3 = 50.5-70.0, p = 0.039) than normal weight children (median = 66.0,
Q1-Q3 =56.5-78.0) and overweight children (median = 66.0, Q1-Q3 = 58.0-81.5).

Conclusions: The present results suggest that obese children present changes in mastication,
evidenced by larger bite-size, performing fewer masticatory sequences and rapid mastication,
which may contribute to increased food consumption and the development of excess weight.

© 2022 Sociedade Brasileira de Pediatria. Published by Elsevier Editora Ltda. This is an open
access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/
4.0/).
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PE, Brazil. Chewing is an important element of the ingestion and diges-
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motor information to the brain about the food texture and
flavor (taste and smell).' The extent of the influence of mas-
tication and orosensory response on satiation or satiety and
the impact on food intake has been considered in a recent
study.” Indeed, foods rapidly consumed with insufficient
mastication are associated with reduced levels of orosensory
signaling during eating, leading to inadequate cephalic-
phase responses and delayed onset of satiety.’

Research has shown that the highest body mass index
(BMI) in children is associated with inadequate processing of
chewable material’; and children with a higher degree of
obesity eat faster and have shorter masticatory cycles.® In
addition, a previous study found that chewing slowly or
increasing the number of masticatory cycles during meals is
associated with a lower risk of overweight and obesity during
childhood.® Most studies have examined the relationship
between eating behaviors and obesity risk, but little is
known about the masticatory parameters of obese children.

Childhood obesity is an important concern in terms of
public health because of its association with cardiovascular
disease risk factors, such as; type 2 diabetes mellitus, dysli-
pidemia, and hypertension.” Many of the associated cardio-
vascular disease risk factors present a strong tendency to
persist into adolescence and adult life.® Worldwide, about
43 million children under 5 years of age are overweight.” In
Brazil, about 26.6% of girls and 30% of boys aged 5 to 19 years
are overweight.'® Given that the prevalence of obese chil-
dren is growing, it is necessary to address the potential con-
tributions of mastication, not only through the risk of
becoming overweight but also in children already obese in
order to understand whether there are changes in this func-
tion and what treatment strategies need to be created.

Understanding the role of mastication as one of the fac-
tors related to the onset of obesity is of great importance
for the creation of effective therapeutic strategies. There-
fore, the aim of the present study was to analyze mastica-
tory characteristics in children from 7 to 10 years and to
compare these characteristics among normal weight, over-
weight and obese children. The hypothesis of the study is
that obese children have different masticatory parameters
when compared to children of normal weight, as they eat in
less time and process less food in the oral cavity.

Methods
Sample

This cross-sectional study, with a comparative approach,
was conducted in the municipality of Vitoria de Santo
Antao, located in the state of Pernambuco, in northeast
Brazil. All measurements were carried out during a 10-
month period from October 2017 and May 2018, according
to the school calendar. The children were chosen through
two stages of selection. The first was through a stratified
probabilistic sample, according to the number of municipal
schools in Vitoria de Santo Antao (62 schools) that had stu-
dents in the age group eligible for the study (7 to 10 years).
Of these, three schools were selected, according to the
structural availability to carry out the research. In the sec-
ond stage, the classes with the students in the age group to

be studied were identified; then, the children whose
parents had consented to have them participate in the
study were selected.

Written informed consent from parents or legal guardians
was obtained from 160 schoolchildren aged 7-10 years of
both sexes (boys, n =84 and girls, n =76). The sample size
was calculated using the WinPepi program, based on the
nutritional status of young people in the state of Pernam-
buco- Brazil, with the following criteria: Population esti-
mated at 500 (children aged 7 to 10 years, enrolled in the
evaluated schools), confidence interval of 95%, estimated
prevalence of 13% of obesity'' and sample loss of 20%, total-
ing a minimum sample of 162 individuals. After the evalua-
tions, the children were divided into three groups: normal
weight (> Z score -2 and < Z score +1), Overweight (= Z
score +1 and < Z score +2) and Obesity (> Z score +2),
according to the reference data BMI-for-age and sex.'? Thin
children were excluded.

Participants with signs of neurological impairment, those
undergoing orthodontic treatment or phonoaudiological
therapy, those with dry mouth or diseases of the salivary
glands, severe malocclusion, or facial surgery were excluded
from the study. Children with lesions and craniofacial mal-
formations or using drugs such as anxiolytics, antidepres-
sants, and anticonvulsants were also excluded from the
study. This information was collected through a question-
naire sent to parents/ guardians. All study procedures took
place in the school facilities.

The study was approved by the Research Ethics commit-
tee of the Health Science Centre of the Universidade Federal
de Pernambuco (CEP/CCS/UFPE) under project number
CAAE 70280017.7.0000.5208, respecting the recommenda-
tions of Resolution 466/12 of the National Science Council.

Characterization of nutritional status, dental status,
and food intake

The current body weight of the children, lightly dressed and
barefoot, was measured to the nearest 0.1 kg with a 100g
precision digital scale (Lider, Sao Paulo, Brazil). Stretched
stature was measured to the nearest 0.5 cm using a portable
stadiometer (Sanny, Sao Paulo, Brazil) with each subject’s
shoes off, feet together, and head in the Frankfurt horizon-
tal plane. The BMI was calculated using the standard formula
[weight (kg)/height2 (m)]. Data collection was conducted by
previously trained technicians, following the norms of the
Measurement Standardization Manual.’* The calculation of
the BMI-for-age Z score was completed using the Anthro
computer software (version 3.2.2), and the nutritional sta-
tus was classified according to the growth standards of the
World Health Organization. '

Dental status was characterized by a single dentist
trained and qualified during a pilot study. Theoretical train-
ing was carried out 3 days before qualification to ensure an
understanding of the criteria and codes for the various con-
ditions to be observed and recorded. The qualification was
performed with 15 children and aimed to provide a consis-
tent and uniform assessment during the survey.

The oral exam was conducted in a classroom, under ambi-
ent light, using a tongue depressor. The number of decayed,
missing, and filled teeth (DMFT) was quantified. Deciduous
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and permanent teeth were considered together since the
children had mixed dentition. Dental malocclusion was also
evaluated, through the use of the malocclusion index as rec-
ommended by the WHO in 1987,' which classifies dental
occlusion as normal, mild malocclusion, and moderate/
severe malocclusion. Children with moderate/severe maloc-
clusion were excluded.

To analyze the type of food that was consumed by chil-
dren, the authors used the Food Consumption Markers form
of the Food and Nutrition Surveillance System (SISVAN) of
the Brazilian Ministry of Health. This form was answered
by the children through an interview.’ In the first part
of this form, it is asked if the child has the habit of hav-
ing meals while watching TV, using the computer and/or
cell phone, as well as the number of meals they have
throughout the day (1 — 3; or 4 — 6 times/day). In the
second part of the form, the children are asked if the
day before the interview they consumed beans, fruits,
vegetables, processed foods, sweetened beverages, and
ultra-processed foods in general, such as instant noodles,
snacks, and cookies.

Analysis of masticatory parameters and orofacial
myofunctional evaluation

These evaluations were conducted using a video recording
with a digital camera (Sony Cyber-Shot DSC-HX300, Sao
Paulo, Brazil), during the mastication of a chocolate-fla-
vored biscuit (Nestlé Brazil Ltda., Sao Paulo, Brazil). The
mastication exam was recorded with the child sitting in a
backrest chair, feet positioned on the floor, at a standard dis-
tance (1 m) from the camera. Participants were evaluated
between 7:00 and 7:30 in the morning, after 12 h fasting and
a 24 h period without exercise.'® Briefly: images were
recorded when the child started to chew (open mouth) a
stuffed biscuit (free mastication) and stopped when the
food was completely swallowed. Masticatory parameters
were determined by quantifying the physiological parame-
ters of mastication, as detailed in other studies,'® as
described in Table 1. The bite-size was measured according
to a previous study,'’ using a piece of bread. Children were
instructed to take two bites of the bread. Initial weight (IW)
and final weight (FW) of the bread was recorded and data
from the bite size was expressed in grams.

To evaluate orofacial myofunction, the protocol of
expanded scores (OMES-e) was used. The OMES-expanded
permits the assessment of appearance/posture and mobility
of the stomatognathic system and of functions such as
breathing, swallowing, and mastication.’® In the present
study, only the mastication domain was evaluated, similar to
the study by Pedroni-Pereira and collaborators.'® The chil-
dren were instructed to chew a chocolate-flavored biscuit
(Nestlé Brazil Ltda., Sao Paulo, Brazil) and during mastica-
tion, the following were observed: food incision (incisor/
canine/premolar/molar bite); type of mastication (unilat-
eral/bilateral); movements of the head or other parts of the
body during the masticatory function; escape of food during
mastication; and duration of mastication. In this protocol,
the higher the score found, the better the orofacial myo-
functional performance.

The analysis of the masticatory parameters and orofacial
myofunctional was performed by two trained and qualified

Table 1 Description of masticatory parameters.
Parameters Description
Number of masticatory Number of masticatory

sequences movements performed
from the incision to the

swallowing of the food

Number of masticatory Number of open/close

movements of the mandi-
ble, for swallowing
Number of open/close
movements of the mandi-
ble per minutes

Time taken to ingest
completely the food

The amount of food per
bite

cycles

Chewing rate (cycles/min)

Feeding Time (s)

Bite size (g)

Images were evaluated by two trained examiners.

examiners. Theoretical training was offered by a specialist
in the area and aimed to ensure a good understanding of the
criteria. Codes were established for the various conditions
to be observed and recorded. Qualification was performed
with 15 children, with the aim of providing a consistent and
uniform assessment by the examiners. The intraclass corre-
lation coefficients (ICC) were calculated for each parameter,
and the differences between the evaluators were resolved in
a joint analysis.

Statistical analysis

Exploratory data analysis was used to test the assumption of
normality in all data distributions, using the Kolmogorov-
Smirnov test and Levene’s equal variance test. Categorical
variables were described by means of absolute frequency
(n) and relative frequency (%), and numerical variables
by means of the median and interquartile ranges
(Q1-Q3). The intraclass correlation coefficient was
determined to evaluate the concordance between the
evaluators during the analysis of the parameters of mas-
tication, according to a previous classification?® (Table 2).
For categorical variables, Pearson’s chi-square and Fish-
er’s exact tests were used. When comparing the mastica-
tory parameters according to the “nutritional status”
factor, the Kruskal-Wallis test was used, followed by the
Dunn post-test, since the data did not present a normal
distribution. All analyses were carried out using SPSS ver-
sion 17.0 (SPSS, Inc. Chicago, IL) and statistical signifi-
cance was set at p < 0.05.

Results

The descriptive analyses of children according to nutritional
status (normal weight, overweight, and obesity) and dental
status are shown in Table 3. The high percentage of over-
weight/obese children is notable (n = 59; 36.9%). As
expected, overweight and obese children showed higher
body weight and BMI than the children with normal weight.
Moreover, the analysis of the children’s food intake
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Table 2 Intraclass correlation coefficients (ICC) of the analysis of the masticatory parameters and orofacial myofunctional eval-
uation in children from 7 to 10 years of age, measured by two examiners.
Examiner 1 Examiner 2

Masticatory Parameters n Median Q1-Q3 Median Q1-Q3 ICC
Masticatory Sequence 160 4.0 3.0-5.0 3.5 3.0-5.0 0.954
Masticatory Cycles 160 18.0 15.0 — 23.7 20.0 16.0 —26.7 0.955
Chewing rate (cycles/min) 160 60.9 52.1 — 67.9 69.5 61.1 —78.7 0.764
Feeding Time (s) 160 65.0 55.5 —77.0 65.0 55.5 -77.0 1.000
OMES-e Score 160 16.0 15.0 — 20.0 16.0 14.0 —19.5 0.774

(Supplementary Table) showed that the food intake of dif-
ferent foods and the number of meals throughout the day
were similar among the groups. About 70% of children
reported eating while watching TV or other distractors,
regardless of their nutritional status. A high percentage of
children ate 4-6 times a day, with a preference for sugary
drinks, processed foods, and stuffed cookies.

The analysis of agreement between the evaluators for
the evaluation of the physiological parameters observed
in the mastication and orofacial myofunctional evalua-
tion, ranged from substantial (chewing rate and OMES-e
Score) to perfect (Feeding Time) (Table 2). When com-
paring the masticatory parameters of children according
to their nutritional status (Figure 1), the authors found
that obese children chew differently than normal-weight

Table 3
according to sex, age, anthropometry, and dental status.

children. This is because obese children have a larger
bite size (g) (median = 6.0, Q1-Q3 = 4.0 — 9.0,
p = 0.049), perform fewer masticatory sequences
(median = 3.0, Q1-Q3 = 2.0 — 3.2, p = 0.024) and have a
shorter feeding time (s) (median = 62.5, Q1-Q3 = 50.5 —
70.0, p = 0.039) compared to normal weight children
(median = 5.0, Q1-Q3 = 4.0 — 7.0; median = 4.0, Q1-
Q3 = 3.0 — 5.0; median = 66.0, Q1-Q3 = 56.5 — 78.0)
(Figure 1A, E and D). Furthermore, obese children also
finished the feeding in a shorter time (s) (median = 62.5,
Q1-Q3 = 51.5 — 70.0, p = 0.039) than children with over-
weight (median = 66.0, Q1-Q3 = 58.0 — 81.5) (Figure 1D).
However, there were no differences in the other parame-
ters of masticatory sequence and OMES-e score when
groups were compared.

Characterization of the samples of children from 7 to 10 years of age, with normal weight, overweight and obesity,

Normal weight Overweight Obesity

n % N % n %
Children 101 63.1 33 20.6 26 16.3
Female 49 48.5 18 54.5 9 34.6
Male 52 51.5 15 45.5 17 65.4
Age
7 years 31 30.7 7 21.2 8 30.8
8years 37 36.6 14 42.4 26.9
9years 33 32.7 12 36.4 1 42.3
Dental malocclusion
Normal 80 64.5 25 20.2 19 15.3
Mild 21 58.3 8 22.2 7. 19.4

Median Q1-Q3 Median Q1-Q3 Median Q1-Q3
Body weight (kg) 25.9 24.2-29.0 32.0° 29.6-37.6 44.3*° 37.0-48.9
Body height (cm) 129.0 125.0-134.0 131.0 126.0-137.0 135.5° 126.7-140.5
BMI (kg/m?) 15.6 14.5-16.7 19.0° 18.2 - 19.9 23,955 21.7-25.2
BMI/age Z Score -0.1 -0.8-0.6 1.5% 1.1-1.5 2622 2.5-3.4
Decayed Teeth 0.0 0.0-0.0 0.0 0.0 - 0.0 0.0 0.0-0.0
Missing Teeth 1.0 0.0-2.0 1.0 0.0-2.0 1.0 0.0-2.0
Filled Teeth 0.0 0.0-2.0 0.0 0.0-2.0 0.0 0.0-2.0

Comparison between categorical variables: Pearson’s Chi-Square test; Comparison between numerical variables: Kruskal -Wallis test.

Dunn’s Post-hoc Test for multiple comparisons.

 Significant differences between obesity group and overweight group (p < 0.05).
b Significant differences between obesity group and normal weight group (p < 0.05).
¢ Significant differences between overweight group and normal weight group (p < 0.05).
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Figure 1 Comparison between masticatory parameters of children from 7 to 10 years of age, classified according to nutritional sta-

tus in normal weight, overweight and obesity. Boxplot shows median + 25% (boxes) and the 5th and 95th percentiles (whiskers). Krus-

kal-Wallis test and Dunn’s Posttest.

#Significant differences between obesity group and normal weight group (p < 0.05).
*Significant differences between overweight group and normal weight group (p < 0.05).

Discussion

The authors analyzed masticatory characteristics in children
from 7 to 10 years, comparing these characteristics among
normal weight, overweight and obese children. The main
findings of this study were that obese children perform
fewer masticatory sequences, eat in less time and bite food

in larger pieces, compared to normal-weight children. The
findings of this article contribute to clarifying the relation-
ship between mastication and overweight/obesity in chil-
dren. The data from this study may result in contributions to
help build more effective treatment strategies for childhood
obesity reduction that affect countless children around the
world.
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Aligned with previous studies, regardless of their BMI,
most children showed a preference for sweetened bever-
ages, instantaneous noodles, package chips, salty crackers,
stuffed biscuits, and sweets.”’ The consumption of these
foods is closely related to the onset of obesity. In the present
study, irrespective of their nutritional status, 70% of children
had meals while viewing television, while on a computer, or
when using a cell phone. This behavior is classical among
children, and it has been considered a reasonable predictor
of bad eating habits during adolescence, increasing the risk
of becoming obese in adulthood.?” In previous studies, teen-
agers have been observed to ingest more soda when the
television was on. The presence of a computer or another
‘distractor’ such as music and cell phone-induced a high con-
sumption of industrialized food.”> Thus, the deviation of
attention during meals seems to be directed toward visceral
sensations of satiety, rather than the hypothalamus control
generated during a meal, leading to overeating.

In the present study, obese children were shown to have
different masticatory parameters when compared to nor-
mal-weight children, with a larger bite size, reduced masti-
catory sequences and quicker feeding duration. A previous
study demonstrated that children (8 — 12 years old) with
overweight ate faster, had greater bite size, and presented
a rapid acceleration of their eating rate towards the end of
the meal when compared to normal weight children.** For
young children (4 — 6 years old), a rapid eating style,
defined by increased mouthfuls of food/min, predicted over-
weight status at age 6 years and excess weight gain from
ages 4 to 6 years, suggesting that this may be a behavioral
marker for the development of childhood obesity.”> These
findings can be explained by the association between masti-
cation and satiety, where a child who chews less and/or in
less time takes longer to be satisfied with the amount of
food eaten. This may contribute to the intake of more foods,
favoring an increase in BMI.?®

Despite the differences in children’s masticatory
sequence, bite size and feeding time, as found in the pres-
ent study, the authors found no significant effect on the
OMES-e score when the groups were compared. OMES-e
score is a protocol produced to determine the masticatory
type, feeding time/frequency, abnormal movements, and
bite force.?® It is considered that the higher the score, the
better the function.?® In adolescents, a study found that
those with excess weight show more changes in the orofacial
myofunctional aspects of mastication.'® With children, on
the other hand, data on the orofacial myofunctional charac-
teristics of the obese are scarce in the literature. According
to Mason,”” disturbances in the orofacial myofunctional
characteristics may have a negative impact on posture and
oral functions, including masticatory function. The reduc-
tion of muscle tonus in the phonoarticulatory organs reduces
the efficiency of masticatory movements, impairing masti-
cation.”® Thus, the authors observed that obesity may be
related to impairments in the myofunctional characteristics
of individuals; however, more studies with obese children
are necessary.

The novelties of this study are related to (1) The age
group analyzed, since the existing studies did not analyze
the chewing of children in the school-age group, from 7 to
10 years old, exclusively; (2) The analysis of physiological
parameters of mastication in isolation, since the few

existing studies analyzed the masticatory performance of
obese children through the study of food processing and/or
chewable materials; (3) The analysis of food consumption in
parallel with the analysis of masticatory behavior. Thus, the
authors observed that despite the children consuming the
same types of food, there are differences between the
chewing of obese children and those with adequate weight.
Notwithstanding the relevance of the present results, the
authors must recognize as a limitation the fact that the
study had a cross-sectional design, which provides only a
punctual assessment of the characteristics of the population
and does not allow establishing a causal relationship, which
highlights the need to conduct a longitudinal study.

The present study corroborates the hypothesis that obese
children present differences in mastication when compared
to children with normal weight. The authors’ findings con-
tribute to clarifying the relationship between mastication
and obesity, addressing the importance of the association
between changes in masticatory parameters, food intake
and nutritional status, especially in childhood.
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1. Introduction

ABSTRACT

Objective: The aim of the study was to conduct a systematic review of the literature to investigate the time of
onset and duration of symptoms of loss of smell and taste in patients diagnosed with COVID-19.

Methods: Two independent authors performed a systematic review of the Medline/PubMed, SCOPUS,
COCHRANE, Lilacs and Web of Science electronic databases. The time of onset and duration of symptoms were
considered primary outcomes. The sex and age of individuals, the geographical location of the study, the
prevalence of symptoms, other associated symptoms, associated comerbidities, and the impact on quality of life
and eating habits were considered secondary ontcomes.

Results: Our search generated 17 articles, Many of the studies reported that the onset of anosmia and ageusia
occurred 4 to 5 days after the manifestation of other symptoms of the infection and that these symptoms started
to disappear after one week, with more significant improvements in the first two weeks.

Conclusion: The present study concludes that the onset of symptoms of loss of smell and taste, associated with
COVID-19, occurs 4 to 5 days after other symptoms, and that these symptoms last from 7 to 14 days. Findings,
however, varied and there is therefore a need for further studies to clarify the occurrence of these symptoms. This
would help to provide early diagnosis and reduce contagion by the virus.

the end of August 2020, Brazil had registered 3,669,995 confirmed cases
and 116,580 deaths [3].

COVID-19 (Coronavirus 2019 disease), which is caused by severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2), was first
registered in China in December 2019, being associated with severe
acute respiratory syndrome [1]. The spread of the virus was very rapid,
reaching pandemic status in early 2020 [2]. By the end of August 2020,
the World Health Organizarion (WHO) had registered 24,021,218
confirmed cases and 521,462 confirmed deaths [3]. Brazil was the first
country in Latin America to diagnese a patient with COVID-19, on
February 25, 2020, in the city of Sao Paulo. According to the WHO, by

The most prevalent symptoms in the first patients included fever,
cough, myalgia and shortness of breath [4]. However. as the pandemic
spread to more countries and the numbers of infected individuals
increased, other signs and symptoms came to be viewed as clinical
manifestations of the disease [S]. One unusual symptom in particular
began to appear in an increasing number of patients: dysfunction of
smell and taste - loss of sensitivity to taste and smell [6]. In South Korea,
China and Italy, a large percentage of infected patients developed
anosmia ot hyposnomy [4]. In Italy, about 33.9% of patients reported
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changes in smell and taste and 11% reported both disorders [6]. In South
Korea, where tests were performed on a large scale, 30% of patients had
loss of smell as the main sign in mild cases of infection [4]. More than
two-thirds of those infected in Germany developed anosmia [4]. In
Brazil, a study carried out with 253 recovered patients, showed that 212
had experienced sudden-onset anosmia and 196 had developed loss of
smell accompanied by pecific inflammatory symptoms [6]. Sudden
changes in smell thus came to be seen as initial signs of COVID-19 [7]
and, anosmia, in the absence of other symptoms, such as rhinorrhea or
nasal congestion, may be an indicator of SARS-CoV-2 infection [8-12].

In view of this, the Center for Disease Control and Prevention (CDC)
added the loss of taste and smell to the list of signs and symptoms that
may arise from the second to the fourteenth day after exposure to the
virus. During this time, there are generally no specific clinical mani-
festations, because it is the viral incubation period [1]. The Brazilian
Academy of Rhinology and the Brazilian Association of Otorhinolaryn-
gology and Cervical-Facial Surgery duly issued a warning that cases of
anosmia, with or without concomi geusia, may indicate the pres-
ence of infection by COVID-19 [6]. However, despite being a very
prevalent symptom in patients with COVID-19, the onset time and
duration of these symptoms has not been well established. Under-
standing of this issue would contribute greatly to early diagnosis,
thereby enabling prevention of further contagions and possible com-
plications. We thus performed a systematic review of the literature to
investigate the time of onset and duration of symptoms of loss of smell
and taste in patients diagnosed with COVID-19.

2. Materials & methods

The present systematic review was carried out in accordance with
the Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) [13]. Our review was conducted using a protocol
submitted to the International Prospective Registry for Systematic Re-
views (PROSPERO) and published under registration number:
CRD42020186114.

2.1. Research strategy

The literature search was carried out in May 2020 using the Medline/
PubMed (Online System for Research and Analysis of Medical Litera-
ture), SCOPUS, COCHRANE, Lilacs (Latin American and Caribbean
literature in health sciences) and Web of Science electronic databases.
Variations of the following descriptors were used: COVID-19; SARS-
COV-2; smell; taste; olfaction disorders; anosmia; taste disorders;
dysgeusia.

The bibliographic search in the electronic databases was carried out
by two independent reviewers (SANTOS REA and DA SILVA, MG), using
a pre-established protocol. A third reviewer (BARBOSA, DAM) was
consulted when necessary and acted as a mediator in decisions regarding
inclusion or exclusion criteria, on occasions when there was no agree-
ment between the reviewers. Data extraction was performed according
to the eligibility criteria established for the study.

2.2. Inclusion and exclusion criteria

The present review included human studies that assessed the
symptoms of loss of smell and/or taste in patients diagnosed with

American Journal of Otolaryngology-Head and Neck Medicine and Surgery 42 (2021) 102889
2.3. Evaluation of articles

The assessment of the risk of bias in the studies was performed
independently by two reviewers using the Modified Health Care
Research and Quality Agency (AHRQ) instrument [14]. The studies were
evaluated using a list of twenty-six items, divided into nine evaluation
criteria: study question, study population, subject comparability, expo-
sure or intervention, measured results, statistical analysis, results, dis-
cussion, and funding or sponsorship [14,15].

The primary outcomes for reviewing the literature on loss of smell
and taste in patients diagnosed with COVID-19 were the time of onset
and duration of symptoms. Secondary outcomes included the sex and
age of individuals, the geographical location of the study, prevalence of
symptoms, other associated symptoms, associated co-morbidities, and
the impact on quality of life and eating habits.

The level of agreement between the reviewers and the quality of the
studies (risk of bias) were analyzed using the kappa coefficient on the
Statistical Package for the Social Sciences - SPSS version 20 for Windows
(IBM SPSS Software, Armonk, NY, USA).

3. Results

The initial database search identified a total of 298 articles, 122 in
Medline/PubMed, 157 in Scopus, one in LILACS, 18 in Web of Science
and none in Cochrane, Removal of duplicate articles reduced the total to
200, which title and abstract screening reduced further to 22 articles.
These 22 studies underwent full-text analysis, resulting in the exclusion
of 5 studies and generating a final total of 17 articles included for
analysis, as shown in the flowchart presented in Fig. 1.

3.1. Quality assessment of articles

Table 1 shows the evaluation of the articles according to the points
highlighted by West [14]. Evaluation of quality criteria revealed
methodological shortcomings in some articles, including: failure to
justify the sample size (all articles included in the review); failure to
detail inclusion and exclusion criteria [8,9,12,16-24]; analysis of in-
dividuals who were not tested for COVID-19 [18-21]; failure to address
the limitations of the study [15,21]; and failure to cite sources of
financing, even if these did not exist [8,10,15,19,20,24-27]. The level of
agreement between reviewers regarding analysis of data extraction and
risk of bias was almost perfect (Kappa: 0.8824) [28].

The results of studies of the time of onset and duration of symptoms
of loss of smell and taste in patients diagnosed with COVID-19, as well as
the sex and age of individuals, the geographical location of the study, the
prevalence of symptoms, associated symptoms, associated comorbid-
ities, and the impact on quality of life and eating habits, are summarized
in Table 2,

3.2. Characterization of the studies

3.2.1. Sex and age of individuals

All 17 articles provided data on the age and sex of individuals,
although only five articles found an association between sex and alter-
ations in the sense of taste or smell [10,12,15,24,25], with women
presenting a higher prevalence of such alterations. Only four articles
found an association between age and olfactory and gustatory symp-
toms, [10,15,24,25], although these results were inconsistent. Two
studies found that younger people pi d a higher prevalence of

COVID-19, regardless of laboratory confirmation and other sy
related to the disease. Studies were excluded if they did not explain in
detail the outcomes investigated in the present review or if they did not
provide detailed explanation of their methodology. Case-reports, letters
to the editor, literature reviews, sy ic reviews, met lyses, and
in vitro and animal studies were also excluded. There were no re-
strictions regarding language or year of publication.

these symp [10,25]; one study found that adults with a mean age of
36.5 were more affected [24]; and one study showed that symptoms
were more prevalent in individuals over 50 years of age [15].

3.2.2. Geographical location of studies
The studies covered by the present review provided data for coun-
tries on three continents, three articles were from Asia [21,23,24], five
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298 records identified by database search.

Pubmed/medline (n=122), LILACS (n=1),
Cochrane (n=0), Web of Science (n=18), Scopus
(n=157)

l

] [ tdentification |

200 records after duplicates removed

4

Screening

98 records screened

22 full-text articles assessed

76 records excluded

5 full-text articles excluded,

for the following reasons:
1) does not address changes

in smell and taste (n=2)
- is a literature review (n=1)

- Outside thematic (n=2)

for eligibility
=
~
2
E
£ 17 studies included in
qualitative synthesis
)

Fig. 1. Selection of articles,

from North America [9,16,17,20,22], and 10 from Europe
[8-10,12,15,18,19,25-27]. All articles reported alterations in the sense
of smell and taste in patients with COVID-19, although, in Asian coun-
tries, the prevalence of olfactory and gustatory dysfunction reported was
lower compared to North America and Europe. In China, the prevalence
of such symptoms was 5.6%, in Korea, 15%, and, in Singapore, 22%. In
North America and Europe, the prevalence varied from 18.6% to 90%.

3.3. Time of onset of symptoms

The articles reviewed reported conflicting results regarding the time
of onset of symptoms of loss of smell and/or taste in patients diagnosed
with COVID-19. Many studies, however, reported that the onset of
anosmia and ageusia occurred 4 to 5 days after the appearance of other
symptoms of the infection [15,26,27]. Analysis of the prevalence of the
appearance of changes in smell and/or taste before, simultaneously with
or after other symptoms as reported in these articles found that the
prevalence of such symptoms emerging prior to other symptoms varied
between 13% [19] and 73% in patients (before diagnosis) [9]; the
prevalence of such symptoms emerging at the same time as other
symptoms, varied from 13.5% [8] to 38.4% [19]; and that of such
symptoms appearing after other symptoms from 27% [9] to 48.6% [19].

3.4. Duration of symptoms

The duration of symptoms of loss of smell and/or taste in patients
diagnosed with COVID-19 was addressed in eight articles
[9,10,15,17-19,24,26]. The findings were inc but, generally
speaking, the symptoms begin to disappear after one week [9,15,24],

and, in the first two weeks, significant improvement occurred [17-19].
In addition, two studies found that 34% [15] and 37.5% [10] of the
subjects continued to show symptoms for at least 7 days, even after re-
covery from the disease.

3.5. Prevalence of symptoms

Only one of the studies reviewed did not assess the prevalence of
symptoms of loss of smell and/or taste in patients diagnosed with
COVID-19. This study looked only at individuals who had already pre-
sented with ia [9]. Six combined the pr e for symp of
loss of smell and taste, reporting a minimum prevalence of 19% [22] and
a maximum of 73.6% [15]. Regarding olfactory disorders alone, six
studies found a prevalence of over 68% [10,12,16,17,25,27] and two
found a prevalence of less than 7.27% [23,24]. In relation to taste dis-
orders, six studies reported a prevalence greater 54.2%
[10,16,17,19,25,27] and two registered a prevalence of below 5.1%
[23,24].

3.6. Associated symptoms

Many studies also showed that changes in smell and/or taste may
occur concomitantly with other symptoms. The most commonly
mentioned were: fever [8,12,16,17,19-23,25-27], cough
[8,10,12,15,19-23,25-27], headache [8,10,15,20,22,26,27], and fa-
tigue [12,16,17,26]. Some studies also reported gastrointestinal symp-
toms [8,15-17,20,22,26,27]., Six studies found that smell and taste
disorders occurred together with nasal obstruction [10,12,15,20,25,26].
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Table 1
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Characterization of studies according to evaluation criteria highlighted by West et al. (2002).

DOMAINS
Author! Year Study Study Comparability Exposure/ QOutcome Statistical Results Discussion Funding
Question  Population of Subjects Intervention Measure Analysis

Spinato et al., 2020
Yan et al., 2020
Lechien et al., 2020a
Kaye et al., 2020
Hopkins et al., 2020a
Vaira et al., 2020
Lechien et al., 2020b
Hopkins et al., 2020b
Giacomelli et al., 2020
Roland et al., 2020
Wee et al, 2020
Aggarwal at al., 2020
Klopfenstein et al., 2020
Mao at al., 2020

Luers et al., 2020

Yan et al., 2020

Lee et al., 2020

00000000000000000
(SIs]sYafayaleyayayafa)afafafafaye
Q000000000000 000

0000000000 00CO00C0CO
00000000000000000
00000000000000000
00000000000000000
000000000000 00000
0000000000000 0000

@-ves: QY-rartial; O=No information. Kappa: 08824,
3.7. Associated comorbidities

Five of the studies covered by our review investigated co-morbidities
present in patients diagnosed with COVID-19 [10,22,23,2526]. The
most prevalent co-morbidities were systemic arterial hypertension
[10,22,23,25,26], rhinitis [10,25], asthma [10,25,26], and cardiovas-
cular disease [22,23,26].

4. Discussion

The spread of COVID-19 around the world has been accompanied by
the appearance of symptoms that differ from a common flu [29,30].
Changes in smell and taste have been strongly associated with a positive
diagnosis of infection by the new coronavirus [31]. This association is
confirmed by the prevalence of more than 50% for anosmia and/or
agneusia in patients with COVID-19 [10,12,15,16,27]. However, the
time of onset time and duration of these symptoms has yet to be clearly
established. Adequate quantification of loss of smell and/or taste, and
identification of the temporal relationship between COVID-19 contagion
and olfactory and/or gustatory dysfunctions would provide great assis-
tance in arriving at an early diagnosis and thereby avoiding further
contagion and possible complications [32]. The present systematic re-
view thus aimed to establish the time of onset and duration of symptoms
of loss of smell and taste in patients diagnosed with COVID-19,

The tool used to assess risk of bias (AHRQ) [!14] found that the ar-
ticles reviewed were effectively addressed the proposed study question.
Some, however, were marred by methodological shortcomings, espe-
cially with regard to the “study population”, since they did not calculate
the sample size. However, this probably occurred due to the lack of
information on the prevalence of this novel disease. We also observed
that the studies analyzed employed a variety of different methods and
presented their findings in different ways, making it impossible to carry

out a meta-analysis.

All articles included in this review investigated both female and male
individuals, but only five articles found any association between sex and
changes in taste and smell [10,12,15,24,25]. Although men have a less
favorable prognosis for COVID-19 [33], the prevalence in women of
changes in smell and taste was higher in the five studies reviewed
[10,12,15,24,25]. The average age range was 38 to 65 years, with a
predominance of adults and elderly people affected by the infection.
This is the age group that appears to be most affected by COVID-19
[34-36]. One study cited working outside the home during the
pandemic as an important risk factor for the transmission of the disease
among adults, as this occasions more contact with people and, conse-
quently, greater exposure to the virus [37].

The prevalence of smell and taste dysfunction appeared to be lower
in Asia, compared to North America and Europe. It is thus possible to
identify a change in the profile of the main symptoms as the disease
passes through different countries. This may be related to the different
strains of the virus that have been circulating since the beginning of the
COVID-19 pandemic. Around 93 mutations have been observed
throughout the SARS-CoV-2 genome in different geographic regions
[38]. A meta-analysis carried out with cases of COVID-19 in China, the
country that presented the first cases of the disease, showed that the
main symptoms were fever, cough, fatigue, sputum and dyspnea [39].
When the disease reached European countries, a change in symptoms
occurred and olfactory and gustatory changes began to appear as clinical
signs. Such signs may prove a great aid to diagnosis of COVID-19, since
they are predominant symptoms in people affected by the virus [40].
Most patients with Sars-CoV-2 infection are considered asymptomatic
and do not require hospitalization [10]. Symptomatic patients have
symptoms such as fever, dry cough, shortness of breath, gastrointestinal
symp and also symp that mainly affect smell and taste, in
which there is a significant reduction in these senses. Such symptoms
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Table 2
Characteristics of studies included.
Author (year) Sample characterization Methodological design Investigated Results
outcomes
Hopkins et al,, 382 female and male adults were - Online survey of patients diagnosed during 1.Duration of 1. In one week, 80.1% of individuals reported
2020a included. 74.6% of the sample was the COVID-19 pandemic, who sought advice by ~ symptoms lower severity scores on follow-up, 17.6%
composed of women. The median age e-mail on smell and taste disorders and were 2. 1 of d unch d and 1.9% were worse.
range was 40 to 49 years. 46.8% of those  followed up for one week. symptoms There seems to have been a significant
evaluated were younger than 40 years improvement in the first two weeks, but
old. The study was carried out in thereafter the recovery rate seems to taper off.
London, UK. 2. 86.4% of patients reported complete
anosmia and another 11.5% reported severe
loss of smell.
Hopkins et al,, 2428 female and male adults were - A simple questionnaire regarding the onsetof  1.Time of onset 1. 13% of individuals reported anosmia before
2020b included. 73% of the sample was anosmia and associated symptoms was of symptoms other symptoms appeared, 38.4% at the same
composed of women. 64% of designed and sent to patients sought advice by  2.Duration of time as other symptoms, and 48.6% after other
respondents were under 40 years old. email on symptoms of anosmia (cohort). The symptoms symptoms.
The median age was 30 to 39 years. The  questionnaire was also widely applied 3.Prevalence of 2. Symptoms lasted between 1 and 4 weeks.
study was carried out in London, UK throughout the population that did not contact ~ symptoms There seemed to be a significant improvement
the ling service (cros: study) 4.Associated in the first 2 weeks.
symptoms 3. 74.4% of individuals reported complete loss
of smell, another 17.3% reported very severe
loss. 90% reported that their sense of taste was
reduced, but 61% of the entire group reported
that they could still differentiate between
sweet, salty, sour and bitter flavors.
4. Of the cohort, 17% of individuals reported
no other symptoms associated with COVID-19,
In patients who reported other symptoms, 51%
reported cough or fever.
Spinato et al., 202 female and male adults were - Patients were contacted 5 to 6 days after the  1.Time of onset 1. The change in sense of smell or taste
2020 included. The average age of the swab for diagnosis of COVID-19 of symp d before other in 24 patients
individuals was 56 years, The study was - A telephone interview was conducted, using 2.Sexand age of  (11.9%); at the same time as other symptoms in
carried out in Italy, the y Tract Q 46 patients (22.8%); and after other symptoms
- Patients had performed the Sino-nasal Test 22 3.Prevalence of  in 54 patients (26.7%); 6 patients (3.0%)
(SNOT-22). SNOT-22 classifies the severity of  symptoms reported that altered sense of smell or taste had
symptoms of changes in smell and taste. 4.Assoclated been the only symptom.
symptoms 2. Altered sense of smell or taste was found in
105 women (72.4%) and in 97 men (55.7%).
No comparison was made between age and
changes in smell and taste.
3. Changes in sense of smell or taste were
reported by 130 patients (64.4%).
4. Of the 130 patients who reported altered
sense of smell or taste, 45 (34.6%) also
ported nasal Other
symptoms were: fatigue (68.3%), dry or
productive cough (60.4%) and fever (55.5%).
Yan et al., 262 adults were included, 161 women, - Adult patients, diagnosed or not with COVID-  1.Prevalence of 1. Among patients testing positive for COVID-
2020" 98 men, and 1 person of indeterminate 19, reported their symptoms, focusing on smell  symptoms 19, 68% reported loss of sense of smell and
sex. The age profile of the individuals and taste, by way of an internet platform 2.Associated 71% loss of sense of taste.
was as follows: 18-29 years: 36 (Qualtrics, Provo, UT). The sample was divided ~ symptoms 4. Other self-reported symptoms associated
individuals; 30-39 years: 78 individuals;  into “COVID positive” and “COVID negative™ with testing positive for COVID-19 were:
40-49 years: 56 individuals; 50-59 patients. A comparison was made between fatigue (81%), fever (70%), myalgia or
years: 45 individuals; 60-69 years: 26 these two groups. arthralgia (63%), diarrhea (48%) and nausea
individuals; 70-79 years: 15 individuals; (27%).
> 80+ years: 5 individuals, The study
was carried out in the United States, in
the State of California.
Lechien et al., A total of 1420 individuals (over 15 - Patients and health professionals diagnosed 1.Duration of 1. The average duration of symptoms in
2020a years of age), male and female, were with COVID 19 were identified through the symptoms patients with mild to moderate COVID-19 was
included, 458 men and 962 women. The  database of hospital laboratories, and 2Sexandageof  11.5+ 5.7 days. Loss of smell persisted at least
average age of the individuals was 39.17  underwent an interview, using a standardized  individuals 7 days after the disease in 37.5% of cured
years. This was a P about 3.Prevalence of  patients.
study carried out with data from France  clinical or ep p 2. The symptom of loss of smell was more
(Paris, Marseille), Italy (Milan, Verona, - The questionnaire was applied in the patient’s  4.Associated prevalent in women. Young patients had
Naples, Genoa, Florence, Forli), Spain room or by telephone, to infected home symptoms greater loss of smell.
(Seville, Santiago de Compostela, San patients or health professionals. 5.Associated 3. 70.2% of the individuals had loss of smell
Sebastian), Belgium (Mons, Brussels, comorbidities and 54.2% of the individuals had loss of taste.

Charleroi, Saint-Ghislain) and
Switzerland (Geneva).

4. The most symp were

(70.3%), nasal obstruction (67.8%), cough
(63.2%), asthenia (63.3%), myalgia (62.5%),
rhinorrhea (60.1%) and sore throat (52.9%).
Fever was reported by 45.4%.

5. Allergic rhinitis (13.4%), hypertension
(9.2%), reflux (6.9%) and asthma (6.5%) were
the most prevalent comorbidities,

(continued on next page)
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Table 2 (continued)
Author (year) Sample characterization Methodological design Investigated Results
outcomes
Kaye et al., 237 adults were included, 108 men and - Input data from the “COVID-19 Anosmia 1.Time of onset 1. The time taken for anosmia to improve was
2020 129 women. The average age of the Report to Clinicians” was analyzed. This tool of symptoms 7.2 + 3.2 days.
individuals was 39.6 years. The study enables health professionals to submit a 2.Duration of 2. Anosmia was observed in 175 (73%) of
was conducted using data from the confidential report of cases of anosmia and p i before di of COVID 19, and
United States, Mexico, Italy, the United  dysgeusia related to COVID 19. 65 (27%) of individuals after diagnosis of
Kingdom and other countries. COVID 19.
Vaira et al., 72 adults were studied, 27 men and 45 - Medical records were evaluated and some 1.Time of onset 1. Ageusia and anosmia were the first
2020 women. The average age of the general information was recorded: age, sex, of symptoms symptoms of COVID-19, usually occurring
individuals was 49.2 years. The study previous medical history and positive swab. 2.Duration of within the first 5 days of the beginning of the
was carried out in Italy. - The olfactory function was evaluated using symptoms clinical period. In 13 patients (18.1%),
the CCCRC orthonasal olfaction test. 3.Sexand ageof  impaired taste and smell were the first clinical
dividual of the disease.
4.Prevalence of 2. At the time of the assessment, the majority of
symptoms these patients (66%) reported complete
5.Associated recovery of chemosensitive functions, which
symptoms occurred within 5 days in 19 cases, and more
than 5 days in the remaining 16 cases. 18
patients (34%) reported lasting impairment of
taste and smell.
3. No differences were found in relation to sex
and smell and/or taste disorders. Olfactory and
gustatory scores were worse in patients over
50 years of age.
4. Fifty-three patients (73.6%) reported
h y in the
period during which they were infected with
COVID-19. Taste disorders alone were reported
in nine cases (12.5%), while 14 individuals
(14.4%) reported olfactory dysfunctions alone.
Thirty patients (41.7%) reported that they
experienced disorders of both senses.
5. Other symptoms reported were: fever
(95.8%), cough (83.3%), nasal obstruction
(15.3%), rhinorrhea (18.1%), sore throat
(51.4%), headache (41.6%), asthenia (66.7%),
bd | (11.1%), and p
(30.6%).
Lechien et al., 417 adults were studied, 154 men and - Patients diagnosed with COVID-19 were 1.Time of onset 1. The average time between the beginning of
2020b 263 women. The average age was 36.9 from 12 pean hospital of symp the i and the was 9.2 + 6.2
years. The study was carried out in 12 - The following epidemiological and clinical 2.Sexandageof  days. Olfactory dysfunction appeared before
European hospitals, in Italy, Spain, outcomes were studied: age, sex, ethnicity, individuals other symptoms in 11.8% of cases.
Belgium and France. comorbidities and general and 3.Prevalence of 2. Women were proportionally more affected
rhinol logical p p by dysfunctions in smell and taste compared to
- Patients completed olfactory and taste 4.Associated men. No comparison was made between age
questionnaires based on the olfactory and taste  symptoms and changes in smell and taste.
component of the National Survey on Health 5.Associated 3. 85.6% of individuals reported dysfunctions
and Nutrition Examination and the short comorbidities of smell and 88.0% of individuals reported
version of the Questionnaire on Negative dysfunctions in taste.
Declarations of Olfactory Disorders (sQOD- 4. The most prevalent general symptoms were:
NS). cough, myalgia, and loss of appetite. Facial
pain and nasal obstruction were the
hinolaryngological symp most
commonly related to the disease.
5. The most prevalent comorbidities were:
allergic rhinitis, asthma, hypertension, and
hypothyroidism. There was no significant
between and the
development of olfactory or gustatory
disorders.
Giacomelli 59 adults were studied, 40 men and 19 - All patients hospitalized at L. Hospital Sacco, 1. Time of onset 1. Twelve patients (20.3%) had symptoms
et al., 2020 women. The average age was 60 years. Milan, with positive SARS-CoV-2, completed a  of symptoms before hospitalization, while eight (13.5%) had
The study was carried out in Italy simple lud 2. Sex and age symptoms during hospitalization. Changes in
about the presence or absence of ATD, its type  of individuals taste were more frequent (91%) before
and time of onset in relation to h: 3. ! of h while, after h 1l
symptoms taste and olfactory changes appeared with
4.Associated equal frequency.
symptoms 2. Women reported smell and taste disorders

more frequently than men. Patients with at
least one of these senses affected were younger
than patients without the disorders.

3. 20 patients (33.9%) reported either impaired
taste or an olfactory disorder and 11 (18.6%)
reported both disorders.

4. Fever 43 (72.8%), cough 22 (37.3%),
dyspnea 15 (25.4%), sore throat 1 (1.7%),

(continued on next page)
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Table 2 (continued)
Author (year) Sample characterization Methodological design Investigated Results
outcomes
arthralgia 3 (5.1%), runny nose 1 (1.7%),
headache 2 (3.4%), asthenia 1 (1.7%),
abdominal symptoms 5 (8.5%).
Roland et al., 302 adults were studied, 88 menand 214 - An anonymous survey was released by 1.Prevalence of 1. 66% of individuals with COVID 19 had a
2020 women. The mean age of the individuals  various media (Facebook, Twitter, Reddit and  symptoms change in smell or taste.
was 40 years for the positive COVID-19 ), looking for i 2 d 2. Other symptoms reported were: body pain
group, and 38 years for the negative who had been tested or d for the p 112 (77%), fever 106 (73%), sore throat 59
COVID-19 group. The study was carried  symptoms of COVID-19. Self-report (419%), shortness of breath 50 (34%), headache
out in the United States, in the State of P were coll d 93 (64%), cough 79 (54%), nasal obstruction
California. - Groups of health professionals who care for 68 (47%), nausea or diarrhea 64 (44%),
patients with COVID - 19 were also targeted. rhinorrhea 52 (36%)
Participants recruited included those who
identified themselves as over 18 and had a
history of previous COVID - 19 tests or a history
of quarantine for symptoms of COVID - 19,
Wee et al., 860 adult males and females were - During a two-week period, a questionnaire 1.Prevalence of 1. Of the patients testing positive for COVID-
2020 included in the study. No detailed data was administered to patients diagnosed with symptoms 19, approximately one fifth (22.7%) had
on sex and age of the individuals were COVID 19, including questions about 2.Associated impaired smell and taste.
provided. The study was carried out in y If-reported OTD, and ymp 2. Fever was the most common concomitant
Singapore. epidemiological and travel risk factors in symptom (60.0%), followed by cough (28.5%)
screening for ED to stratify the risk of and rhinorrhea (28.5%).
hospitalization.
Aggarwal 16 adults were included, 12 men and 4 - The medical records of patients hospitalized 1.Prevalence of 1. 3 patients (19%) reported loss of smell and
et al., 2020 women, The average age was 65.5 years.  for COVID-19 in the health system of a symptoms taste.
The study was conducted in the Midwest  medium-sized city in the Midwest region of the  2.Associated 2, Fever (94%), cough (88%) and dyspnea
region of the United States. USA were analyzed. symptoms (81%), chest pain (6.3%), headache (25%) and
- Data on symp were d on the 3. d diarrhea (6.3%).
initial presentation of the patient or on comorbidities 3. 6 patients (38%) had chronic kidney disease;
admission. 1 (6%) end-stage kidney disease; 2 (13%) had a
- Data were collected on medical history and history of chronic obstructive pulmonary
previous comorbidities, and vital signs on disease (COPD); 9 patients (56.3%) had a
admission history of hypertension; 3 (19%) had a history
« All laboratory values on the day of of coronary artery disease; 3 (19%) with a
h and during h history of congestive heart failure and 2 (13%)
were collected. with a history of stroke.
Klopfenstein 114 adult female and male patients were - The medical records of all adult patients with  1.Time of onset 1. Anosmia started 4.4 + 1.9 days after
et al., 2020 included. Of these, only 54 were studied, ~ COVID-19 between March 1 and March 17, of symptoms infection started.
as the objective of the study was to 2020, who were d in the I 2 ion of 2. The average duration of anosmia was 8.9
evaluate only those who had anosmia. for infe diseases or hospitalized in the p days, with > 7 days for 55% of individuals and
Thus, a total of 36 women and 18 men hospital, and who reported anosmia were 3.Prevalence of  >14 days for 20% of individuals.
with impaired sense of smell were analyzed. symptoms 3. 47% of individuals diagnosed with COVID
evaluated. The average age of the - Data were collected on: age, sex, 4.Associated 19 had anosmia, Of these, 85% also had
individuals was 47 years. The study was  comorbidities, characteristics of anosmia (date ~ symptoms dysgeusia.
carried out in France. of appearance since the onset of symptoms, 5.Associated 4. Anosmia was associated with dysgeusia
duration of anosmia), other bidi 85%; rh hea (57%); nasal obstruction
physical signs and outcome. (30%); fatigue (93%); cough (87%); headache
(8296); fever (74%); myalgia (74%); arthralgia
(72%) and diarrhea (52%).
5. The most frequent comorbidities were:
asthma (13%), high blood pressure (13%) and
cardiovascular diseases (11%).
Mao et al., 214 adults were studied, 127 womenand - Data were collected from January 16,2020 to  1.Prevalence of 1. 12 patients had a change in taste and 11
2020 87 men. The average age was 52.7 years.  February 19, 2020 at three special service symptoms patients had a change in smell. 19 patients had
The study was conducted in Wuhan, centers designated for COVID-19 in China. 2 d in the perip nervous
China. - Clinical data were d from pi system. In these patients, the most common
medical records and data on all ! | 3. d p were impaired taste (5.6%) and
symptoms and verified by two trained comorbidities impaired smell (5.1%).
neurologists. 2. Fever (61.7%); cough (50%) and anorexia
(31.8%).
3. The most frequent comorbidities were:
hypertension (23.8%); diabetes (14%); heart or
cerebrovascular diseases (7%) and
malignancies (6.1%).
Luers et al,, 72 adults were studied, 31 women and « Medical records of outpatients, diagnosed 1.Time of onset 1. Both symptoms occurred on average on the
2020 41 men, The average age of the with COVID 19, P y by of symp fourth day after the first symptoms. In 9
individuals was 38 years, The study was  the records of the University Hospital of 2.Prevalence of  patients (13%), reduced smell and loss of
conducted in Germany. Cologne, Cologne, were pi d together on the first day that
3.Associated they noticed any symptoms.
symptoms 2. 53 individuals (74%) had reduced smell and

50 individuals (69%) had reduced taste.

3. Other symptoms included headache (78%),
cough (75%) and muscle pain (71%) and
diarrhea (31%).

« Nasal luded nasal

(continued on next page)

149



R.EA. Santos et al.

American Journal of Otolaryngology-Head and Neck Medicine and Surgery 42 (2021) 102889

Table 2 (continued)
Author (year) Sample characterization Methodological design Investigated Results
outcomes
(54%); sneezing (50%); rhinorrhea (53%);
nasal itching (11%).
Yanetal, 260 adults were included, 161 women, - A retrospective review was conducted of all 1.Duration of 1. Regarding the improvement in the loss of
2020b 98 men, and one person of unidentified  patients who in a San Diego Hospital system symptoms smell, 29 out of 40 (72.5%) reported
sex. The age profile of the with lab: y-confirmed COVID-19 2.Prevalence of  improvement at the time of the survey (18% in
was: 18-29 years: 36 individuals; 30-39 infection. symptoms <1 week, 37.5%in 1 to 2 weeks, 18% in2to 4
years: 78 individuals; 40-49 years: 56 - Data on olfactory and gustatory function and  3.Associated weeks). Most of the patients testing positive for
individuals; 50-59 years: 45 individuals;  the clinical course of the disease were symptoms COVID-19 showed improvement in the senses
60-69 years: 26 individuals; 70-79 examined. of smell and taste that correlated temporally
years: 15 individuals; > 80+ years: 5 with clinical resolution of the disease.
individuals. The study conducted in the 2. In positive COVID-19 patients, 68% and 71%
United States, in the city of San Diego. had impaired smell and taste, respectively.
3. Fatigue (819%), fever (70%), myalgia or
arthralgia (63%), diarrhea (48%) and nausea
(27%).
Lee et al., 3191 adults were studied, 2030 women - Doctors prospectively interviewed patients 1.Duration of 1. Most patients with anosmia or ageusia
2020 and 1161 men. The average age of the dlagnosed with COVID-19 who were ymp d within 3 weeks; with the average
individuals was 44 years. The study was or isolation the 2.Sexand ageof  recovery time was 7 days for both symptoms.
carried out in Daegu, Korea, presence of anosmia or ageusia. individuals 2. Impaired sense of smell or taste was found in

- Additional telephone calls were made after
to assess the duration of

3.Prevalence of

among those who reported that anosmia or

336 women (68.9%) and in 152 men (31.1%),
and the average age of individuals with such
changes was 36.5 years. Younger individuals,

ageusia persisting until hospitalization or

isolation,

particularly those aged between 20 and 39
years, showed a tendency to experience longer
duration of anosmia

3. Of 3191 patients, 232 (7.27%) had anosmia
and 143 (4.48%) had ageusia.

have been reported mainly in countries in Europe and America [25].

In the studies evaluated the prevalence of changes in both taste and
smell in patients with COVID-19 ranged from 19% to 73%. Furthermore,
a survey of 204 patients found a prevalence of these symptoms of 56.9%
among adults [41]. Another study found that 19% of patients experi-
enced loss of both olfactory and gustatory functions concomitantly [42].
Even with these divergences, the presence of the two associated symp-
toms in individuals with suspected COVID-19 is of great importance for
the diagnosis of this infection, It can, in fact, be seen from the articles
included in this review that, in patients with a positive or negative
diagnosis, these changes in smell and taste were more likely to be pre-
sent in patients with a positive diagnosis of the disease. This association
has also been observed in other studies of adult individuals with a
positive diagnosis of COVID-19 [42,43].

Regarding the time of onset of smell and/or taste changes in patients
with COVID-19, it was difficult to establish a relationship between the
findings of the studies reviewed, because of the extent to which they
differ from one another. Some of the authors indicate that these changes
may precede the development of other common symptoms of the dis-
ease, such as fever, shortness of breath, dry cough and fatigue [8,10,12].
It is important to note that, in the context of a pandemic, tracking
symptoms of loss of smell and/or taste in non-hospitalized patients may
prove to be a useful clinical screening tool [15], helping to direct pa-
tients towards testing services and thus helping to commence care early
on and hence reduce transmission of the disease.

The results of the studies also diverged regarding the duration of
symptoms of loss of smell and/or taste. This ranged from five days to
four weeks, with an average of one to two weeks for recovery. In addi-
tion, a case-control study with 119 individuals found that the average
duration of smell and/or taste disorders was 7.5 + 3.2 days, and that
40% of individuals recovered completely 7.4 + 2.3 days after the onset
of symptoms, without having to seek hospital care [31]. More detailed
investigation of the duration of these symptoms is, however, still
required. Two of the studies reviewed reported persistence of symptoms,
even after recovery from the disease [10,15]. Furthermore, the impact of
this persistence of olfactory and gustatory loss after the end of COVD-19
infection is still unclear. We therefore stress the importance of con-
ducting research that analyzes the time and persistence of symptoms

associated with olfactory and gustatory disorders in patients with
COVID-19, since the results found in the literature are scarce and present
divergent findings.

The scientific literature considers a of hyp regarding
the pathogenic mechanisms associated with changes in smell and taste
in patients with COVID-19 and some of these takes into account the
duration of sensory dysfunctions. One such hypothesis is that these
disorders occur due to direct damage caused by the virus to olfactory
and gustatory receptors [44]. It is believed that changes in smell can be
caused by damage caused by the virus to the olfactory bulb [44], or to
the olfactory nerve [24]. In the case of taste disorders, studies have
hypothslzed that this may be associated with damage to the

in-converting y 2 (ACE2) [15], which was recently
ldentlﬂed as the SARS-CoV-2 cell receptor [45]. ACE2 receptors are

present in the oral cavity [46] and have been associated with the
modulation of taste perception [46]. Furthermore, Cazzolla et al. [47]
have observed a correlation between the occurrence of smell and taste
disorders and IL-6 levels. Recovery of olfactory and gustatory functions
is associated with reduced levels of IL-6 and one probable explanation
for this finding concerns the role that IL-6 plays at the peripheral level in
cell receptors infected by the virus. At the central level, IL-6 also plays a
role in the intermediate stages on the gustatory and olfactory pathways,
especially in the thalamus [47]. Further studies, however, are needed to
shed light on the physiological mechanisms associated with these
symptoms, both in cases where changes in smell and/or taste are tran-
sient and in those where they are permanent.

It was also observed that changes in smell and/or taste may occur
concomitantly with other symptoms. The other symptoms most
commonly mentioned by the studies under review were: fever, cough,
headache, fatigue and gastrointestinal symptoms. These are classic
symptoms of the mildest form of COVID-19. The literature indicates that
the most severe symptoms of the virus include respiratory distress, fever,
cough and fatigue [39,48]. Other, less prevalent symptoms that may
appear are diarrhea, nausea and vomiting [49,50]. Of the thirteen
studies, only six reported individual ges in smell and
taste who also experienced nasal obstruction [ll) 12,15,20,25,26). This
corroborates case reports sh g that ia and ageusia can be
found in patients testing positive for COVID-19, even when other

h
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respiratory symptoms are absent [29,50]. Vaira et al. [44] thus claim
that sudden changes in smell and taste, usually not accompanied by
symptoms of nasal obstruction or rhinitis, are strongly suggestive of
ongoing COVID-19 infection and should be treated with care.

The most prevalent comorbidities in individuals with COVID-19
experiencing loss of smell and/or taste were: systemic arterial hyper-
tension [10,16,24-26], rhinitis [10,25], asthma [10,25,26] and car-
diovascular diseases [16,24,26]. Furthermore, Chen et al. compared the
characteristics of patients diagnosed with COVID-19 who died with
those who recovered, and observed that those who died were more likely
to have a comorbidity, such as hypertension, diabetes, cardiovascular
disease or chronic lung disease [51]. No study mentioned the impact of
smell and/or taste dysfunction on the quality of life and eating habits of
patients with COVID-19.

Taste and smell play an important role in the selection of diet,
metabolism, and quality of life. Anosmic individuals may p
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changes in eating habits, such as increased seasoning and use of sugar
[52]. In addition, increased consumption of salt, sugar, and fat in pa-
tients with changes in smell or taste may complicate issues relating to
hypertension, diabetes and cardiovascular diseases [53]. A longitudinal
cohort study with subjects self-reporting impaired sense of taste and
smell showed these individuals to have greater increases in systolic
blood pressure and mean arterial pressure compared to individuals
without impaired taste and smell [54]. In view of the high prevalence of
co-morbidities such as arterial hypertension and cardiovascular diseases
associated with dysfunctions of smell and/or taste in patients diagnosed
with COVID-19, studies are therefore needed to investigate the influence
of changes in smell and/or taste on quality of life and eating habits in
patients diagnosed with COVID-19, especially those with co-morbidities
such as hypertension, diab obesity, cardi ular di and
others.

4.1. Study limitations

The main limitation of the present study was the heterogeneity of the
selected articles, which employed a variety of different methodologies.
Some used virtual questionnaires, while others used the medical records
of hospitalized patients or telephone interviews. These factors may have
influenced the findings regarding the exact duration of olfactory and
gustatory symptoms, since most of the studies were based on patient
reports and conducted with no prior explanation as to what these
symptoms are or how they may change over time. This may lead to a lack
of accurate information regarding the reported symptoms.

5. Conclusion

The present study concluded that the onset of symptoms of loss of
smell and taste, associated with COVID-19, was 4 to 5 days after other
symptoms, and that these symptoms lasted from 7 to 14 days. Findings,
however, varied and there is therefore a need for further studies to
clarify the occurrence of these symptoms. This would help to provide
early diagnosis and reduce contagion by the virus. Furthermore, loss of
the sense of smell and taste, in the absence of symptoms indicative of
nasal obstruction, to provide a strong indication for a diagnosis of
COVID-19. We should also note the need for nutritional monitoring of
patients with olfactory and gustatory changes, to avoid excessive con-
sumption of salt and sugar. Finally, it is reccommended that a molecular
diagnostic test for SARS-CoV-2 be performed in all individuals with
sudden, severe loss of smell and taste, and no other symptoms.
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ABSTRACT

Studies hawe shown that changes in mastication are related to owerweight in children and adolescents as these changes
influgnce the indease in food corsumption. The objective of this article was to characterize, through a systemnatic review,
the mastication in children and adolescents with owerweight or obesity. For this, twio independent authors performed
a systematic review of the electronic databases: Medical Literature Analysis and Retrieval System Online, Scopus,
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Sciences. Masticatory characteristics wene considered as primary outcomes; the methods of amalyzing mastication, the
physical characteristics of the foods/materials used in the analyses and the fasting time were considered as secondary
outcomes. This review was prepared in acconrdance with the items of the preferential reports for systematic analysis and
meta-analysis. The systematic review protocol was submitted to the International Prospective Registry of Systematic
Reviews. Nine articles were included in this review. The reviewed articles suggest that children and/or adolescents with
overweight or obese present masticatory damages because they have worse masticatory performance and altered
orofadal myofunctional characteristics.

Keywords: Adolescent. Child. Mastication. Obesity. Stomatognathic system.

RESUMO

Estugos 8m demonstrago que afferacdes na mastigaiao estao relacionadas a0 excesso oo peso em Criangas @
adolescentes, o que pode fevar ao aumento do consumo alimantar. O objetive deste artige fol caractenzar, através
de uma revisdo sistamdfica, 3 mastigacao em criangas e adolescentes com sobvopaso ou obesidade. Para isso, dois
autores independentes realizaram uma revisao sisfematica nas bases de dados eletrdnicas Medical Literature Analysis
and Retrieval System Online, Scopus, Cumulative Index to Mursing and Allied Health, Web of Sdence e Literatura
Latino-Americana e do Caribe em Cindas da Saude. As caractorkticas mastigatdnias foram consideradas desfochos
primarics; as métodos de andise da mastigagao, as caracteristicas filsicas dos alimentosmatenals wtilizados nas analses
e o tempo de jejum foram classificados como desfechos secunddrios. Esta revisao foi elaborada de acordo com os itons
dos relatdnos preferenciais para analise sistematica e metanalises. O protocalo de revisao sistemdtica foi submeatido ao
Registro Intemacional Prospective de Revisdas Sistematicas. Nove arfigos foram incluldos nesta revisao. Os resultados
dos artigos rowisados sugerem que diangas efou adolescantes com sobrapeso ou obesidade apresentam danos
mastigatirios, poks possuem pior parformance mastigatdria e caradlenfsticas micfunconals orofadals alteradas.
Palavras-chave: Adokescente. Crianca. Mastigacdo. Obesidade. Sistema estomatognatico.

INTRODUCTION

Overweight and obesity are defined as abnormal or excessive fat accumulation leading to health
risk [1]. These conditions are present in different age groups, such as in childhood and adolescence, both
critical periods of development characterized by high neural plasticity [2,3]. The percentage of children and
adolescents aged betwesn 5 and 19 years with these conditions has increased in recent years and by 2016
approximately 213 million were overweight and 124 million were considered obese [4]. In Brazil, 26.6%
of girls and 30% of boys 5 to 19 years old are overweight [4]. Obesity in childhood and adalescence is
also common in Brazil, where 14.1% of children and 8.4% of adolescents are affected [5,6]. In addition,
overweight and obesity have multifactorial consequences due to the association between genetic, metabolic,
social, cultural and behavioral factors [7). Among the metabolic and behavioral factors is the masticatony
function. Studies have shown that changes in mastication are related to overweight/obesity, because these
changes influence an increase in the food consumption of individuals [8].

The masticatory function (mastication) consists of the first stage of digestion and is responsible for
breaking up food into smaller particles, suitable for the gastrointestinal absorption of nutrients [9). tis a
fundamental process in the cephalic phase of eating behavior, and the sensory stimulation triggered by the
contact of food with the oral cavity promotes the release of appetite hormones, such as insulin and ghrelin
[10]. Ferster et al. [B] proposed the hypothesis of a specific mastication style in individuals with cbesity,
with larger bites and shorter meal time, which would be related to an increase in food consumption. In
healthy organisms, mastication increases the activation of histaminergic neurons in the paraventricular and
ventromedial nucleus of the hypothalamus [11]. The higher activation of these neunons has been reported
to be related to the decrease in food intake in rats [12].

Ravista de Nutrigao Rev. Nutr. 2021;34:2 100201
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Previous research has shown that high Body Mass Index (BMI) in children is associated with inadequate
processing of a chewable material (Optocal) [13). Children with a higher degree of obesity presented shorter
meal time and masticatory cycles [14). In addition, children and adolescents with obesity present important
alterations in the orofacial myofunctional aspects of mastication [15]. Thus, the literature shows that foods
eaten guickly with inzufficient mastication are associated with reduced levels of orosensory signaling during
feeding, leading to inadequate cephalic responses and late satiety [16]. This suggests that in children and
adolescents with overweight or obesity, masticatory dysfunction may lead to increased food intake.

Due to the higher prevalence of overweight and obesity in childhood and adolescence, & relevant to
understanding the mastication function as a factor that can affect the satiety, choice of food consistence
and weight gain, being an important strategy to improve obesity characters. In view of the above, the
present study aimed to characterize, through a systematic review, the mastication in children and adolescents
with overweight or obesity. The masticatory characteristics, methods of evaluation of mastication, physical
properties of food/materials used in the analyses and the fasting time of individuals is discussed. Our
hypothesis is that children and adolescents with overweight or obesity present disfunctions on mastication
parameters, which can affect food intake.

METHODS

This systematic review was elaborated according to the items of the preferential reports for
systematic analysis and meta-analysis (PRISMA) [17]. In addition, the protocol of this systematic review was
submitted to the International Prospective Registry of Systematic Reviews (Prozpero) (Registration number:
CRD 42017075339).

The bibliographic research was conducted in May 2019 using the electronic databases Medical
Literature Analysis and Retrieval System Online (MedlinefPubbed), Scopus, Cumulative Index to Mursing
and Allied Health (CINAHL), Web of Science and Latin American and Caribbean Literature in Health Sciences
(LILACS). The research was based on cross-sectional studies that analysed the mastication of children
and adolescents with overweight and ocbesity. The following Medical Subject Headings (MeSH) terms or
Descritores em Ciéncias da Saode (DeCs) descriptors were induded in the study: child, adolescent cbesity,
overweight, pediatric obesity, mastication, stomatognathic system, bite force and efficiency. There was no
restriction on the year or language of publication.

The search in the electronic databases was performed by two independent reviewers and was based
on a pre-defined protocol. A third reviewer was consulted when necessary and acted as mediator in the
definition of the indusion or exclusion criteria when there was no agreement between the reviewers. The
data extraction was performed according to the evaluation of the eligibility criteria defined in the study
This review includes cross-sectional studies that evaluated the mastication of children and adolescents with
overweight or obesity. The following exclusion criteria were used in this review: (i) studies that did not
explain in detail the methodology used and (i) randomized dinical trials.

The risk assessment of bias in the studies was independently performed by two reviewers using
the Modified Health Care Research and Quality Agency (AHRQ) instrument. Cross-sectional studies were
evaluated using a list of twenty-six items divided into nine evaluation criteria: study question, study
population, subject comparability, exposure or intervention, measured outcomes, statistical analysis, results,
discussion and funding, or sponsorship [18].

The primary ocutcomes of the literature review on mastication of children and adolescents with
overweight or obesity include masticatory characteristics, taking into account bite force, foodimaterial
processing, number of masticatory sequences, number of masticatory oycles, meal rate, orofacial
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myofunctional characteristics and the electromyographic activity of the masticatory muscles. Secondary
outcomes indude the types of mastication analysis method, the physical characteristics of the foods/
materials used in the analyses, and the fasting time.

The levels of agreement between the reviewers and the quality of the studies {risk of bias) were
analysed by the Kappa statistic using the Statistical Package for the Social Sciences SPSS, version 20 for
Windows (IEM SPS5 Software, Armonk, NY, USA).

RESULTS

The initial search in the databases identified 370 articles in Medline/PubMed, 100 articles in Scopus,
5 articles in CINAHL, 7 articles in the Web of Science and 21 articles in LILACS. After analysing the titles and
abstracts of all 503 articles, 438 were excluded because they did not mest the inclusion criteria and/or met
the exclusion criteria. After completing the evaluation of the remaining 65 articles, we found that 53 were
duplicated and 3 did not meet the inclusion criteria and/or fulfilled the excdlusion criteria after reading the
texts completely. Thus, 9 articles were included in this review (Figure 1).

Articles identified in databases
Medlina Pubmed (370}, Scopus
(100}, CINAHL (5), Web of Scence
{71 and LILACS (21}

3 Articles excluded by the title and abstract
438

]

§

Total selected articles (B5)

—|—> Duplicate articles {53)

¥

Total selected articles {12)

Excluded articles after assesment of the

complete text (3)

W

Articles included (3)

Figure 1 — Scheme of stages of selection of artides.
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Table 1 shows the evaluation of the articles according to the points highliohted by West =t al. [18].
After evaluating the quality criteria, we observed that some studies showed methodological deficits, since:
did not justify the sample size [14,19,20]; they do not have 2 comparison group [19]; did not use a validated
instrument in the subjective analysis of mastication [14]; and did not mention sources of finandng, even
when they did not exist [20]. The level of agreement between reviewers for data extraction and bias risk
analysis presented almost perfect agreement (Kappa: 0.8518) [21].

Tabde 1 - Characterzation of the studies according to the evaluation oriteria highlighted by West ef ai.

Domalns

Author

%]

tudy Study Comparabiity  Exposured Outcome  Statistical | Resufts  Discussion Funding
Question  Population of Subjects Interdention  Measure analysis

Pedroni-Perelra
et al. [15]

Sun et al [24)

Berlese at al [19]
Araujo et al. [23]
Soares ef ail. [23]

Soares et al. [13]

Souza & Guedes
120]

® 00000000
O 000000 O
® 000000

Sato & Yoshilke
4]

D Mioras Turell
et al. [25]

o 0 0000 O0CCOC O
o & 000000
O & 0600000
o 0 0000O0CFC
o 0 000000 O
® & C0000O

roate: iy ves:{(J): Partial; {Cy: Mo Informiation. Kappa: 08518,

The results of the studies on masticatory characteristics, types of methods employed, food/materials
used, and fasting time are summarized in Table 2. The studies evaluated different parameters of mastication
and, for that, they used different methods, each one with its specificity. The nine studies reviewed (n=3)
used gquantitative methods to analyze the mastication of children and adolescents with owerweight or
obesity [13-15,19,20,22-25]. Additionally, four (n=4) of the nine articles also used qualitative methods to
analyze chewing behavior [14,15,22,23].

When assessing masticatory behavior, one study found that overweightfobese qirls need to add
liguid to better swallow food and consume fruit in small pieces [14,15,22,23]. Two studies (n=2) found that
children and adeolescents with higher BMI did not present differences in consistency of food intake when
compared to children and adolescents with normal 8MI [22,23). Finally, a study (n=1) found that children
with a higher degree of obesity took longer to swallow food and swallowed without chewing correctly [14].

When evaluating bite force (n=4), two studies (n=2) did not report differences between children
and adolescents eutrophics, and with overweight andfor obesity [14,15,22,23]; one study (n=1) found
that girls with obesity and overweight boys had higher bite force when compared to eutrophic adolescents
[24]; in contrast, another study (n=1) found that children with higher BMI had lower bite force [22]. In the
analysis of masticatory performance (n=4) [14,15,22,23]; three studies {n=3) found that the higher the BMI
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Table 2 — Characterzation of studies that analysed the mastication of children and adolescents with ovenwsight or obesity. Witdria de Santo
Antsg {PE) Brazil, 2019

1of 2
Author n Age maethods of mastication Parameters analysed Results
[years) analysis
Pedroni-Pereira 231 141017 » Qualitative evaluation of » Food Consistency and eating Gils with overwsightiobesay
atal. [15] masticationQuesticnnaire Habits (compared to nommal weight
=Quality of Masticatory » Color change In a chewlng gum  girksh:
Function™ » Nzmimurm bite fome » Mead to add liqued to food and
» Orofacial myofunctional » Protocod OMES-g, domain consumption of frult In small
evaluation. ~mastication” pleces.
w» Evaluation of masticatory » Presence of dental carles and » Unilateral mastication.
perfonmance malocclusion. Girls and boys with ovenwelghts
» Bite Force Assessment obesty (compared to nomal
» Oral Chnical Evaluation welght boys and gifsk:

» There were no changes In
masticatory parformance.

= They did not show differences
In maximum bite force.

» There were no differences
refated to the presence of
dental canes and maloodusion.

Araujo et al 204 Eto10 o Quakiztve evaluation of « Food Consktency and eating Girls and boys with overwsight
[22] mastication/Juestionnaire Habits and with obesity (compared to
~Food Type Verfication » Namumm bite fome eutrophic boys and girks):
Protoool® » Presence of dental carles and » There were no changes In
» Bite Force Assessment malocriusion the consistency of the food
w» Oral Chnical Evaluation consumed.

Girls and boys with higher BMI

(throwgh 3 comelation test).

Less bite force.

» Greater need for orthodontic
treatment.

Sioares ef al, 279 3tos » Qualitztive evaluation of » Food Consistency Ghrls and boys with higher BMI
[23] masticationFood Registry  « Medlan particle stze (X500 of 2 (throwgh a regression test):
for three days chewable matertal for masticatory  « Those who consumed maore
w» Evaluation of masticatory function tests (Optocal Bquid foods presented worsa
performance » Presence of cawtated teeth and masticatony parformance.

» Oral Chnical Evaluation

malocciusion

» Larger median food partide
slze (450) expalled after twenty
masticatony oycles.

» Greater number of cavitated
teath {both anterior and
pasteror)

Sato & Yoshiken 61
[14]

5to6

= Quaitztive evaluation of
masticationCuestionnaire
formulated by the authors

w» Evaluation of masticatory
perfonmance

= Bite Force Assessment

«» Oral Chinical Evaluation

«» Eating Habits

» Mumber of masticatory oycles,
meal time and masticatory
frequency

» Namimumm bite fome

» Presence of dental carles and
malocriusion

Gils and boys with higher

degree of obessy (theough a

comeiation testl:

» They spant more time
swalowing food and
swaliowing without chewing

propery.

» Less meal time and fewear
masticatony cycles.

» Mo changes were obsenved In
the ooclusion fiome.

» There were no differences
related to the presence of
gental cares and maloodusion.
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2of2
Author n Age Methods of masticztion Parameters analysed Results
(years) analysts
Sun ef af. [24] 577 13t0 16 e Blie Foroe Assessment » Maximum bate fore Girls with obesity:

» Higher bite force than
underweight nd nomal weight
e

Owenneight Boys:

» Higher bite force than
undanyeight, normal weight
and obessty boys

Berless et al. 2B Bi016 .« Oofacial myofunctional » Protocol OMES — all domains Ghls and boys with obessy
[19] evaluation » Electromyographic activity of (Compared to each other):
» Electromyograiphic the massater and temporal » Orofadal myofunctonal

ewaluztion muscles charactertstics within normallity

» There was no difference In
the mean eledric adivity of the
rmausches dUng rest, mastcation,
and swaliowing

Soares et al. 285 3to5 » Evaluation of masticatory «» Median partide size (50 of 2 Gils and boys with higher BMI
[13] performanca chewable materal for masticatory  (throwgh a regrassion test):
» Evaluation of the function tests {Optocal) » Larger median food partide
deglutition threshoid = Medlan particle stre (X50) size (¥50) expelled after wenty
«» Oral Chinical Evaluation expelled before the dasire to masticatoy cycles
swallows the chewable matenial  « Larger medlan food partida
{Optocal) size (X 50) during the evaluation
» Prasence of dental carles and of the swallowing threshold
makoccusion Girls and boys with lower BMI

(throwgh a regression test):

» Less amount of dental carles

Souza & 50 91018  «Omofacal myofunctional « Protocol OMES-& — All domains  Gils and boys with obeszy
Guedes [20] evaluztion (compared to eutrophic boys
and giris):

» Worse performance in the
aspects of tonicty and mobisy
of the cheaks

De Morals Turell o7 81012  «Evaluation of masticatory » Medlan particle size (X500 of 2 Gils and boys with ovenaeights
af al. [25] perfonmance chewzble material for masticziory  obessy {(compared o boys and

function tests {Optocal)

girls with nommal weight and

underweightl

» Larger medlan food partide
size {50} expalled after twenty
masticatony cycles

Maote: EMIC Body Mass Index: OMES-2: Orofacial Myofunctional Assessment Protocol with Expandedl Scores.

in children, the larger the particle size of a chewable material expelled orally after a series of masticatory
seguences [13,23,25]; one study (n=1) found that children with a high degree of obesity perfarmed fewer
masticatory cycles and ate faster [14]. In the analysis of orofacial myofunctional characteristics {(n=3), the
literature shows that children and adolescents with cbesity, when compared to eutrophic, present less
tonicity of cheek muscles, and that female adolescents with overweight and obesity have a higher frequency
of unilateral mastication [15,19,20]. In contrast, one study (n=1) found that children and adolescents with
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obesity presented normal orofacial myofunctional characteristics, however, this study did not compare these
results with an eutrophic control group, but did only a descriptive analysis of the data [19].

Among the studies that carried out gualitative analysis, two (n=2) used validated questionnaires that
evaluated masticatory quality through the analysis of consistency and eating habits [14,15,22, 23], one study
{n=1) used a three-day food record to analyze the consistency of the foods consumed [23]; and one study
(n=1) applied a questionnaire formulated by the authors, which had not been validated, to evaluate eating
habits [14].

Among guantitative methods, the following technigues were applied: bite force analysis {n=4)
{using portable occlusal force meters) [14,15,22,24]; electromyographic analysis (n=1) [19]; evaluation of
masticatory performance (n=5) (through specific technigues such as colorimetric analysis of a chewing
gum, particle size of an chewable material orally expelled, and masticatory cycles and time taken during
consumption of a meal) [13-15,23,25], and orofacial myofunctional evaluation (n=3), using the Crofacial
Myofunctional Assessment Protocol (OMES) and Orofacial Myofunctional Assessment Protocol with
Expanded Scores (OMES-g) [15,19,20]. None of the studies controlled the subjects’ fasting time before
analysing mastication.

Regarding the type of food/material used in the analyses, we observed differences according to
the methods used. In the analysis of masticatory performance, one study (n=1) used a chewing gqum that
changes its color according to the time of chewing; three studies (n=3) analysed the mean particle size of
a chewable material, expelled after a series of mastication andfor desire to swallow, and one study (n=1)}
that analysed mastication by offering a standard meal containing foods commonly consumed by individuals
[13-15,23,25]. In the omfacial myofunctional evaluation, two studies used a stuffed cookie, and one study
analyzed mastication through the consumption of a piece of bread [15,19,20].

DISCUSSION

This study, aiming to characterize, through a systematic review, the mastication in children and
adolescents with ovenweight and obesity, found in its synthesis and evaluation of the collected articles that
children andfor adolescents with overweight or obesity presented impairment in masticatory performance
and orofacial myofunctional characteristics. This was because they processed chewable material in larger
sizes, ate faster, performed fewer masticatory cycles, as well as having less chesk muscle tone and, more
often, unilateral mastication.

According to the risk of bias analysis tool (AHRQ, Agency For Healthcare Research And Quality),
we observed that the reviewed articles were efficient in relation to the proposed study question [18].
However, some of them showed methodological deficit, mainly in the “Study Population™ (description of
the study population and justification of the sample size). Most research controlled the homogeneity of
study groups by analyzing the presence of dental caries, dental occlusion and the respiratory characteristics
of the subjects [13-15,20,22-25]. We ako observed that the analysed studies showed heterogeneity in the
methods of mastication analysis, in the foods/materials used and in the masticatory parameters evaluated.
These differences made it impossible to apply a meta-analysis.

In the qualitative analysis of masticatory guality, two studies found changes in children and adolescents
with overweight and obesity [14,15]. Children with obesity take longer to swallow a food and swallow
without chewing properly [14]. Female teens with overweight and obesity need to add liquid to swallow a
food better and consume fruit cut into small pieces [15]. tis evidenced in the literature that individuals with
deficiendies in masticatory function tend to alter their diet to avoid foods that are more difficult to chew
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[26]. This may result in imbalance in food intake, with preferential consumption of soft and easily chewable
foods such as highly processed foods, rather than those high in fiber and nutrients [13]. i is known that
consumption of tougher foods to chew, such as high-fiber foods, leads to a lower overall food intake,
compared to softer foods. This seems to occur because of its effect on the characteristics of oral processing
[27]. In this context, we observed that children and adolescents with ovenweight or obesity with impairment
of this function are known to alter their individual behaviors in order to fadilitate mastication, increasing the
consumption of mare chewable foods, which are related to a higher caloric intake.

In evaluating the studies that analysed the bite force, we found contradictions among the results,
since two studies (n=2) did not report differences between eutrophic children and adolescents, and
overweight and / or obesity [14,15,22,24]; one study (n=1) found that girls with obesity and boys with
overweight had greater bite strength when compared to eutrophic adolescents [24]; another study (n=1)
found that a higher BMI in children is associated with a lower bite force, although the model wsed in the
study explains only 17.2% of this variation [22]. Bite force is an important indicator of the functional status
of mastication [28]. It corresponds to the force exerted by the masticatory muscles to break down food and
varies according to oral health, facial morphology, age and sex [29). According to the literature, bite force
iz thouaght to be related to the integrity of the masticatory muscles; a greater bite force would result in a
more efficient mastication [30]. Research has shown that individuals with cbesity may present damage in
the stomatognathic system due to the accumulation of adipose tissue in the region of the oral cavity, which
can compromise the masticatory force [31]. In addition, impaired masticatory performance due to decreased
bite force may result in imbalanced nutritional intake [24]. Since the few results were divergent, more
research involving the analysis of the bite force of children and adolescents with overweight and obesity is
Necessary.

Most of the studies found that children andfor adolescents with ovenweightfobesity presented
impairments in masticatory performance, since children with higher BMI processed a chewable material
(Optocal) in larger sizes [13,23,25). Children with these conditions consume a lot of foods rich in saturated
fat, which are usually easy to chew. Therefore, it i believed that their masticatory muscles are not adequately
stimulated to break down more consistent foods, such as the chewable material used in the studies
reviewsd [25)]. Sato & Yoshiike [14] cbserved that children with a higher degree of obesity performed fewer
masticatory cycles and ate faster. A higher number of masticatory cycles before swallowing is associated
with a lower risk of increased body weight in adults aged 35-61 years [32]. In addition, it is also known that
adult women who eat faster take longer to feel satisfied with the amount of food ingested, which may
contribute to the intake of more food, favoring an increase in BMI [33].

Two studies have also found alterations in the orofacial myofunctional characteristics of children
andfor adolescents with overweightfobesity, evidenced in the lower tone of the cheek, although
there were no differences during mastication, and unilateral mastication [15,20). Orofadal myofunctional
evaluation provides a comprehensive analysis of the components of the stomatognathic system in terms
of appearancefposture, mobility and functional performance [34]. According to Strézyk & Batchanowski
[35], changes in the stomatognathic system may have a negative impact on muscular forces, and oral
functions, including masticatory function. Reduction of musde tonus in the phonoarticulatory organs
reduce the efficiency of masticatory movements, impairing mastication [36]. This can influence the choice
of foods, seeking those that are easier to chew:. In contrast, the consistency of the foods consumed owver the
long term can also cause damage to structures of the stomatognathic system, since it is believed that the
masticatory load, which is the response to variations in the hardness, tenacity and particle size of the food,
produces changes in craniofacial structures [37].
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We also observed a great heterogeneity in relation to the foodfmaterials used in the masticatony
analysis, where four studies used chewable materials and four used natural food in their evaluations [13-
15,19,20,23,25]. We must consider that most studied objects in oral processing are mostly emulsions and
maodel gels. These may not comprehensively describe the physical and chemical changes of foods like meat,
fruit and vegetables, among others [38)]. In contrast, some authors considered the artificial test materials
preferable to natural foods because their physical properties are more reproducible and do not suffer from
seasonal texture variation [39). It is also known that the types of food used in masticatory analyses have a
significant effect in parameters such as jaw movement, muscle activity and chewing rate [40]. This seems
to occur due to the existence of 2 mechanism regulating the masticatory force that uses pericdontal receptors to
meodify the strength and the number of masticatony cydes according to the physical characteristics of the food [41].

Although none of the studies reviewed controlled the individuals' fasting time, it is known that fasting
can cause changes in mastication since, under normal conditions, food is ingested after the perception of
hunger and intake ends when sensation satiety is reached [42]. Thus, in situations of fasting and satiety, the
individual tends to behave differently, with exacerbated food reflexes [41,42].

In additicn, the absence of longitudinal studies that evaluate the relationship between mastication
and overweight/obesity in children and adolescents makes it impossible to establish a cause-and-effect
relationship. Thus, it was not possible to evaluate whether it was the changes in mastication by the children
and adolescents studied that predisposed them to overweightfobesity, or if the overweightfobesity that
caused changes in their mastication.

CONCLUSION

We observed that the articles suggest that children andior adolescents with ovenweight or obesity
present damages in mastication, showing in the lower masticatory performance and altered orofacial
myofunctional characteristics. In function of the importance of mastication as a complementary factor,
needs to be analyzed in clinical practice to understanding the owerweight or obesity in childhood and
adolescence.
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