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RESUMO

Introdugao: A obesidade e a carie dentaria sdo duas das condi¢gdes mais
comuns que afetam criangas globalmente e ambas tém implicagdes significativas no
bem-estar e na saude futura destas. Embora muito ja se tenha pesquisado sobre a
relagédo entre elas, os resultados até o momento permanecem ambiguos. Objetivo: O
presente trabalho teve como objetivo avaliar a relagdo entre obesidade e carie em
criangas brasileiras de 6 a 9 anos e criangas e adolescentes americanos de 2 a 5 anos
e 8 a 19 anos. Métodos: O estudo foi dividido em trés partes: andlise de dados (carie
dentaria e escore z de indice de massa corporal (ZIMC) em escolares de 6 a 9 anos
residentes em comunidades carentes do Distrito Federal, Brasil; analise dos dados
(carie dentaria, IMC, ZIMC) de criangas de 2 a 5 anos da National Health and Nutrition
Examination Survey (NHANES) 2011-2018 dos Estados Unidos; e analise dos dados
(carie dentaria, indice de massa gorda (IMG) e percentual de gordura (%G)) de
criancas e adolescentes de 8 a 19 anos também do NHANES 2011-2018. As
associagbes foram testadas em modelos de regressdo ajustados aos fatores de
confusdo. Resultados: Quanto aos dados do DF, 61.5% das criangas tiveram
experiéncia de carie de acordo com os critérios da Organizagdo Mundial da Saude
(OMS) e 17,0%, 8,9% e 2,8% foram classificadas como sobrepeso, obesos e como
obesos graves, respectivamente. Apenas a categoria de obesidade do escore ZIMC
foi associada a prevaléncia de carie ndo tratada e nenhum dos indicadores de carie,
incluindo prevaléncia e gravidade da carie, foi associado ao escore ZBMI das criangas
em modelos brutos ou ajustados. Em relagdo aos dados NHANES de criangas de 2 a
5 anos, em modelos brutos, a obesidade foi associada a valores mais elevados de
carie dentaria ndo tratada ao se aplicar os padrées da International Obesity Task
Force (IOTF) (RR: 2,43, IC 95%: 1,11, 5,29), mas nao os da OMS e do Centers for
Disease Control and Prevention (CDC); a obesidade foi associada a experiéncia de
carie mais elevada ao usar os padrdes da OMS (1,57, 95% CI: 1,11-2,22), CDC (1,70,
95% CI: 1,17-2,46) e IOTF (2,43, 95% CI: 1,73-3,42); a obesidade foi associada a
prevaléncia de carie ao longo da vida ao usar os padroes da OMS (1,55, 95% CI:
1,05-2,29), CDC (1,73, 95% CI: 1,14-2,62) e IOTF (2,45, 95% CI: 1,61-3,71), mas
nao com prevaléncia de carie ndo tratada. Essas associagdes foram totalmente
atenuadas apoés o controle de fatores demograficos, nivel socioeconémico familiar e
ingestéo de agucares adicionados. Em criangas e adolescentes de 8 a 19 anos, o IMG
foi associado ao valor do CPOD (Rate Ratio: 1,03, IC 95%: 1,01-1,05) e a prevaléncia
de carie ao longo da vida (Odds Ratio: 1,06, IC 95%: 1,03-1,08), mas as associagdes
foram atenuadas apds o ajuste para fatores de confusdo. Nem o escore do %G nem
a presenca de excesso de adiposidade, definido de acordo com os padrdes de
referéncia do %G ou do IMG, foram associados a carie dentaria. Conclusées:
Concluiu-se que a relagao entre obesidade e carie em criancas e adolescentes variou
de acordo com as medidas de adiposidade adotadas, bem como na definicdo de
obesidade e carie dentaria. Além disso, as associa¢cdes foram atenuadas apos ajuste
para os fatores de confuséo.

Palavras-chave: carie dentaria, saude bucal, obesidade, tecido adiposo,
estudos transversais, crianga, adolescente.



ABSTRACT

Background: Obesity and dental caries are two of the most common conditions
affecting children and both have significant implications on their wellbeing and future
health. Even though research about the relationship between the two conditions has
been conducted for many years, results to date remain equivocal. Aim: The current
study aimed to to evaluate the relationship between obesity and dental caries in
Brazilian children aged 6 to 9 years and American children and adolescents aged 2 to
5 years and 8 to 19 years, as well as to investigate possible individual and
environmental determinants associated with both conditions. Methods: The study was
divided into three parts: data analysis (dental caries and body mass index z-score
(ZBMI)) in schoolchildren aged 6 to 9 years living in highly deprived communities in the
Federal District, Brazil; data analysis (dental caries, BMI, ZBMI) of children aged 2 to
5 years from the National Health and Nutrition Examination Survey (NHANES) 2011—
2018 in the United States; and data analysis (dental caries, fat mass index (FMI) and
fat percentage (BF%)) of children and adolescents aged 8 to 19 years also from
NHANES 2011-2018. Associations were tested in regression models adjusted for
confounding factors. Results: In regard to the DF data, 61.5% of the children had
caries experience according to the criteria of the World Health Organization (WHO)
and 17.0%, 8.9% and 2.8% were classified as overweight, obese and severely obese,
respectively. Only the obesity ZBMI category was associated with the untreated caries
prevalence, and none of the different indicators of caries prevalence or severity were
associated with children's ZBMI score in either crude or adjusted model. Regarding
NHANES data from children aged 2 to 5 years, in crude models, obesity was
associated with greater dt scores when using the International Obesity Task Force
(IOTF)standards (RR: 2.43, 95% CI: 1.11, 5.29), but not when using the WHO and the
Centers for Disease Control and Prevention (CDC) standards; obesity was associated
with greater dft scores when using the WHO (1.57, 95%Cl: 1.11-2.22), CDC (1.70,
95%Cl: 1.17-2.46) and IOTF standards (2.43, 95%CI: 1.73-3.42); obesity was
associated with lifetime caries prevalence when using the WHO (1.55, 95%ClI: 1.05—
2.29), CDC (1.73, 95%CI: 1.14-2.62) and IOTF standards (2.45, 95%Cl: 1.61-3.71),
but not with untreated caries prevalence. These associations were fully attenuated
after controlling for demographic factors, family socioeconomic status and child’s
intake of added sugars. In children and adolescents aged 8 to 19 years, FMI score was
associated with the DMFT score (rate ratio: 1.03, 95%CI: 1.01-1.05) and lifetime caries
prevalence (odds ratio: 1.06, 95%CI: 1.03-1.08), but the associations were attenuated
after adjustment for confounders. Neither the BF% score nor the presence of excess
adiposity, defined according to the BF% or FMI reference standards, were associated
with dental caries. Conclusions: It was concluded that the relationship between
obesity and caries in children and adolescents varied according to the measures of
adiposity adopted, as well as the definition of obesity and dental caries used.
Furthermore, the associations were fully attenuated after adjusting for confound
factors.

Keywords: dental caries, oral health, obesity, adipose tissue, cross-sectional
studies, child, adolescent.
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1 INTRODUGAO, REVISAO DA LITERATURA E OBJETIVOS

1.1 INTRODUCAO

De acordo com dados da Organizagao Mundial de Saude (OMS), 5 milhdes de
criangas morreram antes do quinto aniversario e outros 2,1 milhdes de criangas e
jovens entre 5 e 24 anos perderam a vida em 2021. A maioria dessas mortes ocorreu
devido a doencgas que poderiam ter sido tratadas ou prevenidas. Ao mesmo tempo,
as doencgas transmissiveis e nao transmissiveis e seus fatores de risco continuam a
crescer em populagdes de privagao social (1, 2). Por exemplo, a prevaléncia de
obesidade cresceu significativamente de menos de 1% em 1975 para quase 6% entre
todas as meninas (50 milhdes) e 8% entre todos os meninos (74 milhdes) globalmente
em 2016 (3). Além disso, um quarto dessas doengas podem estar relacionadas a
riscos ambientais, como poluicdo do ar, agua nao tratada, falta de saneamento,
higiene inadequada e produtos quimicos (4). Os dados apresentados revelam que
esses individuos apresentam necessidades significativas de servigos de promogao,
prevencao e assisténcia a saude.

Uma intervengéao precoce em relagdo a saude da crianga e do adolescente por
meio da implementacdo de agdes que reduzam ou eliminem a exposi¢do ao risco
tende a contribuir para um quadro de adultos mais ativos e saudaveis (5), isso porque,
problemas de saude em criangas e adolescentes podem ter graves consequéncias
durante a vida adulta (6).

O sobrepeso e a obesidade na infancia sdo dois dos maiores problemas de
saude publica evitaveis para esta populagao e se tornaram uma epidemia global nos
ultimos tempos (7). O Global Burden of Disease Study (GBD) estimou um aumento de
duas vezes a prevaléncia de obesidade infantil de 1980 a 2015, tanto em paises
desenvolvidos quanto em desenvolvimento (7). O sobrepeso e a obesidade infantil
sao considerados pela OMS como fatores de risco biomédico critico para a obesidade
em adultos e subsequentemente, levando a doengas potencialmente fatais, como
diabetes mellitus tipo Il, doengas cardiovasculares, disturbios musculoesqueléticos e
certos tipos de céancer (8). A OMS estimou que cerca de 38 milhdes de criangas
menores de 5 anos estavam com sobrepeso ou com obesidade em 2019 (9).
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A carie dentaria € a condigdo de saude mais prevalente entre todas as incluidas
no estudo GBD. A prevaléncia de carie padronizada por idade em dentes deciduos foi
de 7,8% (95% IC, 6,5% a 9,1%) em 2017, enquanto o numero de casos prevalentes
foi de 532 milhdes (95% IC, 443 a 622 milhdes). A prevaléncia de carie em dentes
permanentes foi de 29,4% (95% IC, 26,8% a 32,2%) em 2017, enquanto o numero de
casos prevalentes foi de 2,3 bilhdes (95% IC, 2,1 a 2,5 bilhdes). No Brasil, a
prevaléncia de carie padronizada por idade em dentes deciduos foi de 7% (95% IC,
5,4% a 8,4%) em 2017, enquanto o numero de casos prevalentes foi de 11 milhdes
(95% IC, 8 a 13 milhdes) (10).

Embora amplamente evitavel através do diagndstico precoce, aconselhamento
parental e terapia topica de fluor, a natureza de rapida progressado da doenga pode
causar consequéncias imediatas e de longo prazo para a saude se nao tratada. A
carie dentaria afeta negativamente a qualidade de vida da crianga devido ao
desconforto, dor, habitos alterados de sono e ma nutricdo. Além disso, afeta o
crescimento e o desenvolvimento normal desta e pode aumentar o risco de
hospitalizagéao (11).

Estudos sugerem que uma associagdo entre sobrepeso/obesidade e carie
dentaria € provavelmente derivada de fatores de risco comuns, como dieta rica em
acucar, baixo nivel socioecondmico (NSE) e outros fatores socioambientais (12, 13).
A renda, quando mais baixa, pode representar uma barreira para que o individuo
adote um estilo de vida saudavel. Isso ocorre porque as familias com renda mais alta
podem comprar alimentos saudaveis, tém tempo para fazer exercicios regularmente
e pagar por servigos de saude de qualidade. Por outro lado, baixos salarios e a falta
de bens podem tornar individuos e familias vulneraveis, especialmente durante longos
periodos de austeridade econémica. Isso pode levar a periodos de ma nutricdo, mas
condicbes de moradia e necessidades de saude nao atendidas (14-17).

Nesse contexto, a promogao de saude para criangas e adolescentes ndo pode
continuar sendo negligenciada e requer medidas governamentais, sendo encarada
como uma possivel solugcdo de parte dos problemas de saude publica. A promogéao
de saude é considerada uma estratégia de produgéo social, ou seja, um processo
abrangente e continuo, que envolve prevengao de fatores de risco, educacgéo e a
participagdo de diferentes setores da sociedade (18). Conceito este descrito pela
Carta de Ottawa (1986) que destaca a criagdo de ambientes favoraveis a saude, por
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considerar que ela surge e se mantém na vida cotidiana: nos centros de ensino, de
trabalho e de lazer (19).

Nesse sentido, este trabalho tem por objetivo avaliar a possivel relagao entre
obesidade e carie dentaria em criangas brasileiras de 6 a 9 anos e criangas e jovens
americanos de 2 a 5 anos e 8 a 19 anos, respectivamente.

1.2 REVISAO DA LITERATURA

1.2.1 Obesidade

A obesidade é geralmente considerada como residuo de gordura corporal
acumulada no tecido adiposo (20) que pode ter implicagdes significativas na saude de
um individuo (21). Resulta de uma mudanga na qual ha um balango energético
positivo quando mais calorias sao ingeridas do que gastas (21).

O método mais amplamente utilizado para avaliar o estado do peso em adultos
e criangas é o indice de Massa Corporal (IMC), que é determinado pela divisdo do
peso (em quilogramas) pela altura (em metros) ao quadrado [IMC=peso (kg) / altura
(m)?]. Em adultos, um IMC de 25 kg/m? a 29,9 kg/m?é comumente usado para definir
sobrepeso, enquanto um IMC de 30 kg/m? ou superior indica obesidade (21). No
entanto, a classificagdo das medidas de IMC em criangas e adolescentes n&o € tao
simples (22). Mais detalhes sobre as razbes pelas quais a classificagdo do IMC é mais
complexa em criangas e como ela é aplicada, bem como outros métodos de avaliagao
do status de peso de um individuo serao fornecidos posteriormente nesta tese.

A obesidade tem sido caracterizada como um importante problema de saude
publica e tem aumentado substancialmente nos ultimos anos (21). Nas criangas,
aumentou mais do que o dobro nas ultimas trés décadas, enquanto nos adolescentes
quadruplicou. Nos EUA, pais considerado com a maior prevaléncia de obesidade
infantil no mundo, a porcentagem de criangas obesas com idade entre 6 e 11 anos
aumentou de 7% em 1980 para quase 18% em 2012 (23). No mesmo periodo, houve
um aumento semelhante (16%) na prevaléncia da condigdo entre os adolescentes
americanos. Dados do Brasil mostraram que 4,1% das criancas de 5 a 9 anos estavam
abaixo do peso, enquanto 33,5% estavam com sobrepeso e 14,3% eram obesas no
periodo de 2008-2009 (24).
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1.2.1.1 Fatores de risco dietéticos para a obesidade

Um fator dietético que tem sido associado ao sobrepeso e a obesidade € o
aumento da ingest&o de alimentos ricos em calorias, que incluem alimentos e bebidas
com alto teor de agucar e gordura (25). Essa associagao aparece tanto na populagao
infantil quanto na adulta.

Em uma revisdo sistematica de estudos de coorte e ensaios clinicos
randomizados, a OMS destacou que a ingestdo de acgucar pode afetar
significativamente o peso corporal (26). Nesta revisédo, a analise dos resultados de 30
estudos indicou que a menor ingestdo de agucar foi associada a uma redugao
significativa no peso, enquanto o aumento do consumo de agucar resultou em um
aumento no peso corporal. Outras revisdes sistematicas (27, 28), bem como uma
revisao de revisoes sistematicas e meta-analises (29), confirmaram que a maioria das
evidéncias indica que existe uma relagdo positiva entre a ingestdo de bebidas
adogadas com agucar e o aumento do peso em criangas e adolescentes.

1.2.1.2 Fatores demograficos associados a obesidade

Varios fatores demograficos também foram associados a prevaléncia de
sobrepeso/obesidade, incluindo idade, sexo, etnia e nivel socioeconémico (NSE). A
obesidade afeta desproporcionalmente as criangas. Criangas de familias de baixo
NSE ou que vivem em areas carentes correm maior risco do que criangas de familias
de alto NSE (30).

Uma associagao significativa entre indice social e sobrepeso e obesidade
infantil foi mostrada em um estudo que utilizou dados de uma pesquisa com 28.159
criangas alemas de 5 a 6 anos (14). Um estudo ecolégico que usou dados da Inglaterra
mostrou areas de privagao fortemente relacionadas as taxas de obesidade entre
criangas em idade escolar de quatro a 5 anos e 10 anos (15). Outro estudo transversal
que incluiu 2.341 criangas com idade média de 9 e 12 anos mostrou que as criangas
do quartil mais baixo de NSE tinham 1,79 vezes (IC: 1,35, 2,36) mais chances de ter
sobrepeso ou obesidade do que seus pares do quartil mais alto (16).

A relagao entre NSE e excesso de peso foram examinadas usando dados do
National Health and Nutrition Examination Survey (NHANES) para 30.417 criangas e
adolescentes dos EUA entre 2 e 18 anos de idade (31). Os dados, que se referem ao
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periodo de tempo entre 1971 e 2002, indicaram que havia interagdes complexas entre
NSE e excesso de peso, pois nem todos os grupos de baixo NSE tinham risco
aumentado de excesso de peso. Os autores identificaram que diversas variaveis
raciais, sexuais e etarias afetam a relagédo entre NSE e obesidade. A associagéo entre
obesidade e status socioecondmico na juventude dos EUA também foi confirmada
como nao sendo consistente em diferentes grupos raciais e étnicos em outra analise
dos dados do NHANES entre 2005 e 2008 (32).

Uma revisao sistematica posterior mostrou, no entanto, que existia uma relacéo
inversa entre a posicao socioecondmica e o sobrepeso e a obesidade em criancas
desde o nascimento até os 15 anos de idade em varias regides do mundo (33). A
analise quantitativa dos resultados indicou que o risco de sobrepeso ou obesidade foi
maior em criangas com menor NSE em comparagao com aquelas que eram as mais
ricas. Curiosamente, a relagao inversa entre NSE e status de peso aumentado so foi
evidente em paises desenvolvidos.

De fato, parece que a relagao entre NSE e peso pouco saudavel é afetada pelo
nivel de desenvolvimento do pais, ja que a natureza da associagao entre aumento de
peso e NSE varia de pais para pais. Em contraste com os paises desenvolvidos, nos
paises em desenvolvimento, as criangas com baixo NSE tém menos probabilidade de
sofrer de excesso de peso em comparagao com seus pares ricos (34). Esta tendéncia
€ provavelmente explicada pela disponibilidade de alimentos. Evidéncias também
sugerem que criangas desfavorecidas em paises desenvolvidos correm maior risco
de magreza e obesidade.

Apesar da complexidade nas supostas associacdes entre obesidade e NSE,
alguns mecanismos plausiveis pelos quais criangas desfavorecidas correm maior
risco incluem os estilos de alimentacao infantil pouco saudaveis entre criangas de
grupos de NSE mais baixos e o fato dessas serem mais propensas a terem méaes
obesas (e a obesidade materna influencia o risco de obesidade dos filhos) (35). Além
disso, as evidéncias mostram que individuos desfavorecidos muitas vezes optam por
comprar alimentos mais baratos e estes sdo mais propensos a serem ricos em gordura

e acucar do que alimentos mais caros (17).
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1.2.1.3 Aspectos metodolégicos - Métodos de avaliagdo da composicao
corporal

Existem varios métodos para avaliar a categoria do peso ou a composigao
corporal em criangas e adultos. Estes podem ser divididos em “métodos proxy” e
“‘medidas laboratoriais” (36). Os métodos proxy sdo comumente usados em grandes
estudos epidemiologicos ou rotineiramente na pratica clinica e sdo empregados no
atual trabalho de doutorado. Os métodos usados em um ambiente de laboratorio sao
considerados mais confiaveis, precisos e avangados e sdo usados para validar outros
métodos que avaliam a composi¢cao corporal (36). No levantamento NHANES,
realizado nos EUA, e que serviu de base para dois artigos que compdem esta tese,
empregou-se a Absorciometria de raio-X de dupla energia, que € considerado um
meétodo laboratorial.

Os métodos antropomeétricos sao os indicadores mais utilizados para avaliar o
crescimento e o desenvolvimento de criangas e adolescentes, sendo geralmente
considerados simples, baratos, seguros e nao invasivos (20, 37, 38). Eles também
demonstraram ter forte correlagdo com o estado nutricional da crianga (38).

As medidas antropométricas comumente usadas no cenario de pesquisa e que
sdo proxies do estado nutricional ou de peso de uma crianga incluem o IMC, a
circunferéncia da cintura e do quadril, a circunferéncia da cintura ao quadril e as
dobras cutaneas. A descrigdo de alguns desses métodos é dada a seguir, juntamente

com suas vantagens e desvantagens.

1.2.1.4 IMC

O IMC é o indicador mais comum usado para determinar o estado do peso em
criangas e adultos (21). A utilizagdo do IMC na determinagdo da obesidade em
criangcas € recomendada por se constituir em um método barato e de simples
aplicacdo tanto em pesquisa quanto na pratica clinica. No entanto, o IMC tem
limitagdes. O IMC nédo é capaz de distinguir entre massa gorda e massa corporal
magra, nao identifica a distribuicdo de gordura no corpo e pode nao ser igualmente
valido entre sexo, raga/etnia e faixas etarias (esta ultima limitagdo é especialmente
importante entre adolescentes dadas mudangas corporais durante a puberdade) (39,

40). Além disso, existem diferengas nos padrbes internacionais para definir a
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obesidade infantil a partir dos valores do IMC (41), que, por consequéncia, afetam a
andlise da associagao entre obesidade e carie dentaria (42).

De acordo com os resultados de uma revisdo sistematica, o uso do IMC é
recomendado para a avaliagdo da gordura corporal de criangas quando outros
métodos mais precisos, como a Absorciometria de raio-X de dupla energia (DEXA),
nao estao disponiveis (37).

Em 2016, uma revisao sistematica indicou que existe uma associagao positiva
moderada entre o IMC e a gordura corporal estimada pelo DEXA, enquanto entre os
diferentes métodos antropométricos testados, o IMC se mostrou um método muito
especifico, mas menos sensivel (37). Da mesma forma, uma revisdo sistematica,
mostrou que as medidas de IMC em criangas estéo relacionadas as de DEXA (43).
Outra revisao indicou que o IMC é uma medida valiosa em criangas, desde que sejam
levadas em consideragado as limitagbes em suas aplicagdes (44), embora outros
tenham destacado a necessidade de encontrar métodos alternativos para definir
obesidade em criangas (45).

Conforme mencionado no inicio deste capitulo, em adultos, um IMC de 25
kg/m? a 29,9 kg/m? é comumente usado para definir sobrepeso e um IMC de 30 kg/m?
ou mais indica obesidade (21). Em criangas nao existe consenso e as evidéncias para
apoiar tal classificagdo sao limitadas (20). A interpretacdo das medidas de IMC em
criangas também é mais complicada, pois o IMC ndo é uma medida estatica e varia
entre meninas e meninos. Por esse motivo, sugere-se que o IMC seja interpretado por
meio de medidas percentuais, também conhecidas como populagdo ou padrbes de
crescimento (46). Estes sao definidos em relagédo a uma populagdo de referéncia
tendo em conta pardmetros como idade, sexo e etnia (47).

1.2.1.5 Escores z e os Percentis

O status de peso das criancas € comumente interpretado/apresentado com o
uso de percentis ou escores z.

A OMS e o Centers for Disease Control and Prevention (CDC) dos EUA
desenvolveram um software estatistico para ajudar os pesquisadores a calcular os
escores Z com base nas referéncias de 1978 da OMS/NCHS (National Center for
Health Statistics). Por exemplo, uma crianga do sexo feminino com 8 anos de idade,
pesando 20.2 kg e medindo 118.2 cm tera o IMC 14.46. Para calcular o escore z desta
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crianga, usamos uma ferramenta disponivel no proprio site da OMS (48) para chegar
ao resultado ja ajustado para idade e sexo (escore Z = -0,96).

Um percentil € o valor de uma variavel abaixo do qual uma certa porcentagem
de observagbes (ou populagao) esta alocada, ou seja, o percentil se refere a posi¢ao
de um individuo em uma determinada distribuicdo de referéncia. Os percentis
amplamente usados incluem o 3, 5, 50, 85, 95, 97, 99.

O site do CDC fornece arquivos de dados de percentil com valores LMS que
resume os dados em trés curvas suaves especificas de idade chamadas L (lambda),
M (mu) e S (sigma) para que os percentis sejam calculados (49). No nosso exemplo
a crianga estara mais préxima do P15 - percentil 15 (IMC adequado ou eutrofico).

Embora o escore z seja uma medida mais complicada comparada aos
percentis, seu uso em pesquisas € recomendado por varios motivos: o0 escore z € uma
medida continua/linear enquanto o percentil € uma escala de classificacao; por esta
razdo, o primeiro permite comparagdes entre diferentes indicadores (como idade e
sexo) e permite o célculo de estatisticas resumidas, incluindo a média e o desvio
padrao (50, 51). Além disso, em contraste com os escores z, 0s percentis nao podem
ser usados para avaliar a mudanga no status do peso ao longo do tempo (50). Assim,
0 uso de escores z € recomendado em pesquisas, enquanto os percentis séo

comumente usados na pratica clinica devido a sua simplicidade.

1.2.1.6 Sistemas de classificagao

Existem varios conjuntos de dados de referéncia de IMC para criangas,
desenvolvidos internacionalmente. Os sistemas de IMC mais comuns usados para
definir sobrepeso/obesidade em nivel internacional sédo os da International Obesity
Task Force (IOTF) (52), US Centers for Disease Control and Prevention (53) e o da
OMS (54).

International Obesity Task Force (IOTF)

Com o objetivo de permitir comparagdes internacionais de prevaléncia de
sobrepeso e obesidade em criangas foi desenvolvido no ano de 2000 um conjunto
internacional de percentis especificos de idade e sexo comumente conhecidos como
cut-offs da IOTF. Para estabelecer esses pontos de cortes, foram usados dados
representativos do Reino Unido, Brasil, Hong Kong, Holanda, Cingapura e Estados
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Unidos. A amostra incluiu 97.876 homens e 94.851 mulheres com idade desde o
nascimento até 25 anos de idade (52).

A classificacéo internacional do IMC para criangas e adolescentes até 18 anos
€ a seguinte:

Baixo= isoIMC* < 25 aos 18 anos

Excesso de peso= isoIMC*: 25-29,9 aos 18 anos

Obesidade= isoIMC* >30 aos 18 anos

* isoIMC é uma maneira de ajustar o IMC de uma crianga para idade e sexo.
Em outras palavras, ele converte o IMC de uma crianga em um valor equivalente para

um individuo adulto que podemos comparar com os limites estabelecidos.

US Centers for Disease Control and Prevention | percentis de IMC por
idade

Os graficos de crescimento do US CDC 2000 foram desenvolvidos usando
dados coletados entre 1963 e 1994 de cinco ciclos do NHANES e cinco fontes de
dados suplementares (53).

Os percentis especificos de idade e sexo para criancas de 2 a 19 anos s&o os
seguintes:

Baixo peso= < percentil 5;

Normal= = 5 < percentil 85;

Excesso de peso= = percentil 85 e < 95;

Obeso = > percentil 95.

OMS (AnthroPlus)/IMC por idade (5-19 anos)

Usando dados semelhantes do NHANES, a OMS (54) desenvolveu referéncias
para uso em individuos entre 5 e 19 anos:

Sobrepeso: > +1 escores z (equivalente a IMC 25 kg/m2 aos 19 anos)

Obesidade: > +2 escores z (equivalente a IMC 30 kg/m2 aos 19 anos)

Magreza: < -2 escores z

Magreza grave: < -3 escores z
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1.2.1.7 Absorciometria de raios X de dupla energia - (DEXA)

A maquina DEXA usa radiagao de baixo nivel para medir tecido adiposo e
magro, conteudo mineral 6sseo e densidade estando os individuos deitados em
decubito dorsal (55). E considerado um método preciso para avaliar a composigéo
corporal e é relativamente rapido e simples. Como emite apenas um baixo nivel de
radiacdo, pode ser usado em criangas (56). Como desvantagem, o equipamento
necessario € muito caro e ndo pode ser movido e, como tal, ndo é frequentemente

usado em estudos epidemiolégicos com grandes amostras (36).

1.2.2 Carie Dentaria

1.2.2.1 Definigéo

A carie dentaria € definida como uma doenga complexa multifatorial e dinamica
causada pelo desequilibrio dos processos de troca de minerais entre os tecidos
dentarios e o meio liquido da cavidade bucal com predominio dos episodios de
desmineralizagdo, causando a destruicdo progressiva da parte mineral dos dentes
(57). Ciclos repetidos de desmineralizagao e remineralizagao resultam na formagéao
de lesdo que pode levar a cavitagdo (58). No entanto, a paralisacédo da doencga é
possivel em qualquer estagio de progresséo, exceto quando ja atingiu a polpa.

O conceito mais atual de carie dentaria a define como uma doenga que resulta
da disbiose causada pelo desequilibrio de multiplas espécies cariogénicas,
normalmente residentes na cavidade bucal (microbioma oral), desencadeada pelo

consumo n&o racional de agucar (59).

1.2.2.2 Epidemiologia da carie dentaria

Apesar de ser uma doenca evitavel, a carie dentaria € um importante problema
de saude publica em todo o mundo (60, 61). E uma das condigdes mais comuns na
populagéo infantil (62) e afeta 60-90% das criangas em idade escolar em muitos
paises desenvolvidos (61, 63).

No que diz respeito a saude bucal de criancas em paises desenvolvidos,

melhorias significativas na saude bucal nas ultimas décadas foram observadas,
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principalmente para carie dentaria em dentes permanentes. Isso provavelmente se
deve a comportamentos de saude bucal aprimorados, incluindo o uso eficaz de fluor,
particularmente na pasta de dentes, fluoretacdo da agua, manejo mais efetivo da
doencga e programas de prevengado em escolas (64, 65). No entanto, existe evidéncia
robusta de que muitas criangcas ainda sao afetadas por carie e um aumento na
prevaléncia foi relatado em alguns paises, particularmente em criangas de baixo nivel
socioecondémico (66, 67).

As desigualdades em saude bucal também s&o evidentes. Nos EUA, para
criangas de 3 a5 e 6 a9 anos, a carie dentaria ndo tratada foi significativamente maior
para aquelas que vivem no nivel de pobreza ou abaixo dele, quando comparadas a
seus pares que vivem acima do limiar de pobreza. Ainda, selantes dentarios foram
mais comumente observados entre as criangas com idade de 6 a 9 anos vivendo em
domicilios de renda mais alta (68). Além disso, lesdes de carie em criangas
americanas de 2 a 5 anos aumentaram 16,6% entre 1988 e 2004 (69), enquanto
criangas mexicanas-americanas, na mesma faixa etaria, apresentaram maior
probabilidade de serem mais acometidas em comparagdo com seus pares negros nao
hispanicos e brancos nao hispanicos (70). Essas disparidades persistiram em uma
pesquisa sobre carie em 2011-2012, que mostrou que a prevaléncia da condi¢ao era
maior em criangas de origem hispanica (46%) e negra nao hispanica (44%), do que
naquelas brancas de origem n&o hispanica (71). Mais evidéncias indicando a
presenca de desigualdades na saude bucal vém da prevaléncia de carie em criangas
carentes no Canada. Quando a prevaléncia de carie na primeira infancia foi
examinada em uma amostra de criangas que sofriam maus tratos, descobriu-se que
criangas maltratadas e negligenciadas apresentavam niveis mais altos de carie
dentaria em comparagao com criangas de cinco anos de idade de uma populagao de
Toronto (72).

Nos Estados Unidos (EUA), a carie nao tratada em dentes permanentes tem
diminuido na juventude, mas permanece alta mais tarde em adolescentes, uma vez
que quase 22% dos jovens de 16 a 19 anos tém carie dentaria ndo tratada (73).

A analise dos dados do estudo Global Burden of Disease (GBD) mostrou que
a prevaléncia de carie nao tratada em dentes permanentes era de 29,4% em 2017.
As condigbes bucais continuam sendo um desafio de saude publica e as
desigualdades sociais nas condi¢gdes bucais existem. Os paises economicamente

mais desenvolvidos tém a menor prevaléncia de carie ndo tratada e doenca
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periodontal e a maior carga de perda dentaria. Enquanto a carga de todas as
condicbes bucais combinadas diminuiu em paises economicamente mais
desenvolvidos, aumentou em paises economicamente menos desenvolvidos,

sugerindo que a diferenga entre grupos de paises aumentara (10).

1.2.2.3 Prevaléncia e tendéncias no Brasil

O projeto SB Brasil € um estudo sobre as condigcbes de saude bucal da
populagéao brasileira realizado no ambito da Politica Nacional de Saude Bucal (PNSB),
mais conhecida como Brasil Sorridente, implementada pelo Ministério da Saude. De
acordo com os dados provenientes destes levantamentos epidemiologicos realizados
nos anos de 2003 e 2010 houve redugéo os indices ceo-d/CPO-D ao longo do tempo
em praticamente todas as regides brasileiras (74, 75). De acordo com estimativas
preliminares do SB2020 para presencga de carie dentaria em todos os grupos etarios,
mantendo estes resultados até o término da pesquisa, o Brasil permanecera no grupo
de paises com baixa prevaléncia de carie, com CPO-D aos 12 anos de 1,2 a 2,6,
segundo classificacao da OMS (76).

Os resultados de um estudo também evidenciam tendéncia de redugdo da
prevaléncia de dentes permanentes cariados no Brasil e na maioria dos paises de
renda meédia-alta. No Brasil, a prevaléncia de dentes permanentes cariados foi de
38,17% (IC95% 34,99-41,45) em 1990. Em 2017, este valor alcangou 37,46% (IC95%
34,53- 40,62) (77).

A definicdo do PNSB - Programa Brasil Sorridente (PBS) - foi protagonista na
construcdo de um novo olhar, focado em acgbdes de promogao, prevencido e
recuperacdo da saude bucal dos brasileiros, além da ampliacdo do acesso ao
tratamento odontoldgico gratuito por meio do Sistema Unico de Saude (SUS). No
entanto, apesar da definicdo de um PNSB com ampliagdo do acesso aos servigos de
saude bucal, o impacto na reducdo da prevaléncia da doenca no Brasil ndo foi
significativo em comparagéo com outros paises de renda média-alta (77).

1.2.2.4 National Health and Nutrition Examination Survey (NHANES)

O National Health and Nutrition Examination Survey (NHANES) comegou no

inicio dos anos 1960 e € um programa de estudos projetado para avaliar a saude e o0
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estado nutricional de adultos e criangas nos Estados Unidos. A pesquisa é unica na
medida em que combina entrevistas e exames fisicos. O NHANES é um programa
importante do National Center for Health Statistics (NCHS) que esta ligado ao Centers
for Disease Control and Prevention (CDC).

Os dados sé&o coletados anualmente e divulgados para uso publico em ciclos
de 2 anos. Cada ciclo NHANES incluiu aproximadamente 10.000 individuos que s&o
entrevistados em casa e avaliados em fatores de saude em um centro movel de
exames. Informacdes adicionais sobre o desenho e a administracdo da pesquisa
podem ser encontradas no site NHANES (78).

1.2.2.5 Etiologia da carie dentaria

A carie dentaria € considerada como uma doenga multifatorial polimicrobiana
(60, 79, 80). Nao apenas os parametros relacionados ao biofilme e a dieta, mas as
interrelagdes de diferentes microrganismos e seu efeito sinérgico sdo de grande
importancia para a sua etiologia. Assim, o que leva ao desenvolvimento de uma leséo
de carie € o desequilibrio entre fatores de protecdo, fatores de risco e fatores
patoldgicos. Quando a desmineralizagdo é mais rapida do que a remineralizagao, a
lesdo de carie é o resultado (81). Compreender como esses fatores operam na
patogénese, progressdo e prevengdo da doenga € fundamental para o

desenvolvimento de estratégias e programas eficazes.

1.2.2.6 Papel da microbiota na etiologia da carie dentaria

Varios estudos identificaram bactérias que estdo presentes no inicio e
desenvolvimento de lesbes cariosas. O principal grupo de bactérias conhecido por
estar envolvido no processo da doenca inclui Streptococcus mutans, Streptococos do
grupo nao mutans (S. sanguinis, S. oralis, S. mitis), lactobacilos, diferentes espécies
de Actinomyces ssp, bifibacterium e leveduras (82, 83). As bactérias cariogénicas
produzem acido durante o metabolismo dos agucares e carboidratos fermentaveis
derivados da dieta, resultando na desmineralizagdo do esmalte e inicio da progressao
de carie (83).

Tem sido sugerido que os perfis bacterianos mudam em diferentes estagios da
doenca e que diferem entre a dentigdo decidua e permanente (84). Em um estudo que
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incluiu 110 participantes, foi identificada uma correlagdo positiva entre carie, S.
mutans, Lactobacilli e Actinomyces na denticdo decidua e permanente; os autores
confirmaram que essas bactérias sdo elementos da flora microbiana normal da
cavidade oral (85). A composigdo do microbioma oral € influenciada pelo meio bucal
e mudancas nas condigdes locais podem afetar as interacbes na comunidade
microbiana e determinar, em parte, se a relacdo entre o microbioma oral e o
hospedeiro é simbiotica (relagdo benéfica) ou disbidtica (potencialmente danosa),

aumentando o risco de doengas como a carie dentaria.

1.2.2.7 Papel do agucar na etiologia da carie dentaria

O consumo alto e frequente de agucar tem sido considerado um fator etiolégico
no desenvolvimento de carie e evidéncias relacionam o consumo de agucares livres
com a doenca (86, 87). Os agucares sao considerados a causa mais importante de
carie em criangas e adultos e sdo um fator dietético necessario para seu
desenvolvimento (88). Nao é de hoje que a literatura tem mostrado que as
modificagdes dietéticas e, em particular, o0 aumento do consumo de refrigerantes
(muitas vezes contendo alto teor de agucar) podem contribuir para piores resultados
de carie em criancgas (89).

Uma forte ligagdo entre o consumo de bebidas adogadas e carie tem sido
demonstrada em varios estudos. Um estudo que analisou dados de 3.194 jovens
americanos que participaram do NHANES (1971-1974) encontrou uma relagao
positiva significativa entre o consumo de refrigerantes (durante e entre as refeigdes)
e a carie dentaria e as relagbes permaneceram significativas mesmo apos o ajuste
para outros fatores de confusao incluindo outros alimentos agucarados (90). Além
disso, em 642 criangas do lowa Fluoride Study, o consumo de refrigerante regular

também foi positivamente relacionado ao risco de carie dentaria (89).

1.2.2.8 Fatores sociodemograficos associados a carie dentaria

Varios fatores sociodemograficos também demonstraram influenciar o
desenvolvimento da carie dentaria, incluindo idade, género e etnia. Parece também
que a obesidade e a carie dentaria compartilham fatores socioecondémicos

semelhantes que afetam o desenvolvimento de ambas.
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1.2.2.9 Nivel socioecondmico

A ligacédo entre o status socioecondmico e a saude bucal é amplamente
reconhecida. Varios estudos de desenho transversal e longitudinal fornecem
evidéncias para a presenga de desigualdades na experiéncia de carie dentaria infantil,
com criangas de nivel socioecondmico mais baixo sendo mais afetadas em termos de
prevaléncia e gravidade da condigao (91-93). Também foi demonstrado que criangas
de nivel socioeconbmico mais baixo tém necessidades de tratamento
significativamente maiores em comparagdo com seus pares ricos (94).

As evidéncias também relacionam a experiéncia de carie com outros aspectos
da privagao. Por exemplo, em uma amostra de 12.706 criangas na Dinamarca (5-15
anos), a analise de regressao multipla indicou que as criangas com maior experiéncia
de carie eram aquelas pertencentes a familias cujas maes ndo eram dinamarquesas
e tinham baixo nivel educacional, bem como como baixa renda (95). O nivel
educacional da mae demonstrou ter uma forte ligagdo com a experiéncia de carie
infantil em varios estudos (96-98).

A mesma realidade é vista no Brasil, quando se observa que adolescentes (12
anos) que frequentam escolas publicas, geralmente de familias mais carentes,
apresentam maiores indices de carie dentaria e maior necessidade de tratamento. A
média do CPOD para obesos de escolas particulares foi de 1,90 e para eutréficos foi
de 1,91 (p = 0,1151). A média do CPOD para os obesos das escolas publicas foi de
4,27 e para os eutroficos foi de 4,25 (p = 0,7802). Esses achados mostram uma clara
polarizacdo da doencga, provavelmente devido a falta de politicas de saude bucal
voltadas para a populagao carente (99).

Os comportamentos que afetam a saude bucal de individuos desfavorecidos
incluem maus habitos de saude bucal, uso limitado de servigos odontoldgicos e
habitos alimentares pouco saudaveis, como consumo de alimentos e bebidas
acucarados. O alto consumo de sucos de frutas e refrigerantes, bem como a baixa
ingestao de calcio, também parecem influenciar o risco de carie em criangas em
escolas localizadas em areas de baixo nivel socioecondmico (100). O prego também
determina a escolha alimentar dos individuos (17, 101) e, levando em consideragao
que os alimentos densos em energia (que tendem a ter maior teor de agucar e
gordura) sdo de menor custo, ndo surpreende que pessoas com menor renda tendam

a consumir esses alimentos com maior frequéncia.
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As evidéncias demonstram a clara ligacdo entre privagcdo e saude bucal,
tornando necessario identificar fatores que criam e mantém desigualdades em saude

bucal.

1.2.2.10 Consequéncias da carie dentaria

As doengas bucais podem ter um efeito prejudicial na saude de uma pessoa,
tanto na infancia quanto na vida adulta e na sociedade em geral (60, 61). A carie na
primeira infancia, em particular, pode ter consequéncias imediatas e de longo prazo
na qualidade de vida da crianca (e de sua familia) e também pode afetar
adversamente a economia; a menos que seja controlada em seus estagios iniciais, as
sequelas da carie dentaria podem tornar-se irreversiveis (82).

Questdes estéticas relacionadas a presenga de carie podem afetar a
autoestima das criangas e seu relacionamento com os outros. Um efeito significativo
da carie é a perda precoce de um dente deciduo devido a necessidade de extracao.
Isso pode afetar a fala, causar anormalidades na erupcdo dos permanentes e,
consequentemente, um problema ortoddntico (81), 103).

A carie na primeira infancia (CPI) também pode afetar o crescimento da crianga.
Um estudo mostrou que criangas com CPI tinham um peso menor do que seus pares
livres de carie e que eram significativamente mais propensas a pesar menos de 80%
de seu peso corporal ideal; o ultimo composto por 8,7% em comparagdo com apenas
1,7% no grupo pareado. Os autores concluiram que lesdes de carie graves na primeira
infancia podem afetar adversamente o crescimento da crianga (102). Além disso, duas
revisbes mostraram que a carie dentaria em criangas saudaveis pode contribuir para
a falha de crescimento (103, 104).

A associagao da carie com o crescimento também é evidente por meio de
estudos que mostram que o tratamento odontolégico de criangas com CPI resultou
em maior ganho de peso (11, 102, 105, 106).

1.2.2.11 Onus associado ao manejo da carie dentéria
Além do impacto negativo sobre as criangas e seus pais, a saude bucal pobre

também representa um 6nus econdmico para os servigos de saude. O tratamento das

doengas bucais, incluindo a carie dentaria, é bastante oneroso (63), sendo
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considerado o quarto problema de saude mais caro tratado em muitos paises
industrializados (61). Muitas criangas podem necessitar de tratamento odontoldgico
abrangente sob anestesia geral. Nos Estados Unidos, estima-se que, com os gastos
do Medicaid (um programa de saude para familias e individuos com recursos
limitados), tais intervengdes possam custar em média US$ 1.451,71 por visita. Esses
valores referem-se apenas aos gastos com o tratamento odontologico e ngo incluem
os gastos médicos associados a visita odontolégica (por exemplo, taxas de
instalagdes, taxas de anestesia) (107).

Além do tratamento, a carie dentaria também é responsavel por custos indiretos
para a economia. Por exemplo, o impacto negativo na produtividade causado por
funcionarios que precisam se ausentar do trabalho como resultado de problemas
dentarios (108). Os custos diretos do tratamento de doencgas bucais em todo o mundo
foram estimados em US$ 298 bilhdes por ano e os custos indiretos em US$ 144
bilhdes por ano (108). Reconhecendo as limitagdes dos dados e metodologias
disponiveis, os autores relataram que, com base em suas descobertas, o impacto

econdmico global das doencas dentarias em 2010 foi de US$ 442 bilhdes.

1.2.2.12 Diagnostico da carie dentaria

Existem varios métodos disponiveis para o diagnéstico de lesdes cariosas. O
meétodo primario e mais comum de diagnoéstico de carie € o exame visual-tatil dos
dentes por meio da inspecéo clinica, e o uso de espelhos bucais, boa luz natural ou
artificial (109, 110); este também é o método mais comum de diagnéstico de carie em
levantamentos epidemioldgicos. Apesar de sua simplicidade, uma grande
desvantagem deste método € sua baixa sensibilidade na detecgdo de lesbes nao
cavitadas em dentina ou nas superficies proximais (111). Neste contexto, o exame
radiografico serve como método de diagndstico complementar, principalmente para a
identificacdo de lesbes de carie interproximais. Embora o uso de radiografias seja
cada vez mais utilizado no cenario clinico para diagndsticos mais sensiveis de carie,
seu uso em pesquisa nem sempre € viavel, pois é dificil transforma-los em um
equipamento padrao (58). Além disso, o uso de radiografias exige que a equipe seja
suficientemente treinada e experiente para que interprete os achados radiograficos

corretamente.
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O workshop Caries Clinical Trials (112) chegou a um consenso de que o
diagnostico visual € o método padrdo para diagnosticar carie, mas que meétodos
adicionais devem ser investigados mais a fundo. O workshop também concluiu que a

radiografia interproximal fornece informagdes adicionais sobre o diagndstico.

1.2.2.13 Critérios diagnosticos para registro da carie dentaria

Existem varios conjuntos de critérios/sistemas de pontuagao para avaliar a
carie dentaria, cada um com suas préprias caracteristicas, fortalezas e fraquezas.
Independentemente do sistema utilizado, o treinamento e a calibragdo do examinador
séo particularmente importantes. A seguir sdo descritos alguns sistemas utilizados na

area.

CPO-D

Desde 1937, o indice para dentes cariados, perdidos e obturados (CPO-D), que
fornece informacgdes sobre carie no nivel de cavitagao, tem sido o principal método
usado para coletar informacdes sobre carie em todo o mundo (113).

O indice CPO-D pode ser calculado para a denticdo decidua ou permanente
representada pelas letras minusculas e maiusculas, respectivamente (ceo-d e CPO-
D); o indice ceo-d/CPO-D para um individuo pode ser calculado totalizando cada
componente separadamente e entdo somando-os da seguinte forma: C+P+0O= CPO-
D. A partir dai, para avaliar o indice em um grupo de individuos, calcula-se o CPO-D
total e divide-se pelo numero de pessoas do grupo. Este € o critério recomendado pela
OMS e o mais comumente utilizado em pesquisas (113).

O CPO-D tem sido usado ha muito tempo para comparacao da experiéncia de
carie em diferentes populagdes e fornece informagdes sobre os niveis e tendéncias
da condigéo ao longo do tempo (114). Suas principais vantagens sao a simplicidade
no dominio e aplicagao do critério, as altas taxas de concordéancia inter examinadores
e a possibilidade de comparar os resultados entre varias populagbes ao longo do
tempo (115).

Em termos de limitagbes, o CPO-D nao fornece detalhes sobre as
consequéncias das lesbes de carie ndo tratadas e o envolvimento pulpar ndo é
registrado neste sistema. Outra limitacdo desse indice € que ele ndo contém cédigos
para carie em esmalte e também é dificil distinguir entre carie de dentina que pode
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ser restaurada em comparagdo com aquelas que precisam de tratamentos mais

complexos (116, 117).

International Caries Detection and Assessment System (ICDAS ll)

Em um esforco para desenvolver e estabelecer um sistema comum de
avaliacdo de carie, agregando pontos fortes dos sistemas ja estabelecidos e
abordando a necessidade de entender como a carie progride ao longo do tempo, além
do status “cavitado” apenas, o International Caries Detection and Assessment System
foi desenvolvido e atualizado varias vezes (118). As principais vantagens deste
sistema s&o que ele é validado e pode ser usado para avaliar os diferentes estagios
de desenvolvimento de carie no esmalte (117, 119). Os cddigos ICDAS situam-se
entre zero a seis, de acordo com a gravidade da lesdo (118).

Apesar de seus pontos fortes, esse sistema ndo avalia as consequéncias mais
avangadas da carie, ou seja, infecc&o pulpar e destruicdo do tecido circundante; além
disso, ndo permite a avaliagao/registro separado dos dentes deciduos e permanentes
e nao é facil fazer comparagdes com os resultados do indice CPO-D (117).

Caries Assessment Spectrum and Treatment (CAST)

O instrumento Caries Assessment Spectrum and Treatment (CAST) avalia a
carie em diferentes estagios de desenvolvimento (esmalte, dentina e polpa) e registra
desde a auséncia de lesédo cariosa, englobando dentes com selantes, dentes
restaurados, lesbes cariosas em esmalte e dentina e até os estagios avangados de
progressao da leséo cariosa envolvendo a polpa e os tecidos adjacentes (117). Assim,
além de registrar o numero de lesdes presentes, esse sistema também possibilita ao
usuario obter informacgdes sobre as consequéncias de lesdes cariosas nao tratadas
(117).

Um de seus principais pontos fortes € que ele se baseia nas vantagens do
ICDAS e do PUFA (117). O fato de incluir também dentes cariados, restaurados e
perdidos devido a carie dentaria permite que os dados sejam convertidos para o indice
CPO-D, possibilitando assim, a comparacao entre pesquisas que usaram este ultimo
(120). O CAST demonstrou fornecer estimativas semelhantes com o critério da OMS
sobre prevaléncia de carie em 419 escolares brasileiros de 6 a 11 anos (116).



30

1.2.2.14 Obesidade e carie dentaria — Natureza das potenciais relagdes

Tem havido um interesse crescente na associacdo entre obesidade e carie
dentaria e varios estudos foram realizados tentando elucidar se existe e, caso exista,
qual o tipo de relacdo entre elas. Entretanto, as evidéncias sobre a associagao
permanecem ambiguas (11, 103-106, 121-130). Estudos de analise de dados
primarios e secundarios, bem como revisdes sistematicas que examinaram a relagao
entre ambas em jovens, produziram resultados inconclusivos. Alguns estudos
sugerem que existe uma associagao positiva entre carie dentaria e status de peso, ou
seja, ser obeso esta relacionado com maior prevaléncia e/ou gravidade da carie (11,
105, 106, 121). Outros relatam associagao entre baixo peso e maior prevaléncia e/ou
gravidade da carie (103, 104, 122). Revisdes sistematicas que investigaram a

associacao entre obesidade e carie também produziram resultados conflitantes, como

pode ser observado na tabela 1 (38, 123-130).

Tabela 1: Principais achados de revisdes sistematicas que avaliaram a relagao entre carie
dentaria e status de peso.

Autor / Ano Tipo de denticdo Idade dos Principais achados
participantes

Angelopoulou Decidua < 6 anos Associacdo positiva

etal. 2019 (obesidade e carie)

Manohar etal.  Decidua < 6 anos Associacdo positiva

2019 (obesidade e carie)

Hooley et al. Decidua e permanente < 18 anos Associacdo positiva

2012 (separadamente) (obesidade e carie)

Hayden et al. Decidua e permanente < 18 anos Associacdo positiva

2013 (separadamente) (obesidade e carie - em
dentes permanentes)

Silva et al. Decidua e permanente 6 a 18 anos Evidéncia inconsistente

2013 (separadamente)

Chen et al. Decidua e permanente < 18 anos Evidéncia inconsistente

2018 (separadamente)

Alshihri et al. Decidua e permanente < 18 anos Evidéncia inconsistente

2019 (separadamente)

Singh et al. Decidua e permanente 6 meses a 19 anos Associagao positiva

2020 (separadamente) (desnutricao e carie - dentes
permanentes)

Tanner et al. Decidua e permanente < 18 anos Associacdo positiva

2022 (separadamente) (desnutricao e carie - em
dentes deciduos)

Aceves- Decidua e permanente < 18 anos Evidéncia inconsistente

Martins et al. (separadamente)

2022

Kantovitz etal. Decidua e permanente  Criangas e adultos  Evidéncia inconsistente

2006

Li et al. Decidua e permanente < 18 anos Evidéncia inconsistente

2015
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Alshehri et al. Decidua e permanente  Criangas e adultos  Evidéncia inconsistente
2019

Paisi et al. Decidua e permanente < 18 anos Evidéncia inconsistente
2019

Silveira et al Decidua e permanente  Criangas e Evidéncia inconsistente
2022 adolescentes

Sadida et al. Decidua e permanente < 18 anos Associacdo positiva
2022 (desnutricdo e carie)

Levando-se em consideracdo as discrepancias observadas na literatura, é
importante que mais estudos primarios sejam conduzidos, com o intuito de colaborar

para o estabelecimento de evidéncias mais robustas sobre o assunto.
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1.3 OBJETIVOS DA TESE DE DOUTORADO

1.3.1 Geral

O objetivo deste estudo foi avaliar a existéncia de alguma relagdo entre
obesidade e carie em criangas brasileiras de 6 a 9 anos e criangcas e jovens

americanos de 2 a 5 anos e 8 a 19 anos, respectivamente.

1.3.2 Especificos

a. Determinar a prevaléncia e gravidade da carie dentaria em criangas de 6 a 9
anos que frequentam escolas publicas de uma regido de baixa renda do Distrito
Federal, Brasil;

b. Determinar a prevaléncia de obesidade em criangcas de 6 a 9 anos que
frequentam escolas publicas de uma regido de baixa renda do Distrito Federal, Brasil;

c. Avaliar a distribuigao de frequéncia de obesidade (conforme definido por trés
padrdes internacionais) e carie dentaria em criangcas americanas de 2 a 5 anos;

d. Avaliar a distribuicdo das medidas de adiposidade e carie dentaria em dentes
permanentes em criangas e adolescentes americanos de 8 a 19 anos;

e. Avaliar a relagédo entre obesidade e carie dentaria em ambas as dentigbes
em criangas de 6 a 9 anos que frequentam escolas publicas de uma regiao de baixa
renda do Distrito Federal, Brasil;

f. Avaliar a relagcdo entre obesidade e carie dentaria em dentes deciduos em
criangas americanas de 2 a 5 anos;

g. Avaliar a relacdo entre medidas de adiposidade e carie dentaria em dentes

permanentes em criangas e adolescentes americanos de 8 a 19 anos.
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2 DENTAL CARIES AND BODY MASS INDEX Z-SCORE IN BRAZILIAN
UNDERPRIVILEGED SCHOOLCHILDREN

ABSTRACT

Aim: To identify the relationship between BMI z-score (ZBMI) and dental caries among
underprivileged schoolchildren from the Federal District, Brazil. Methods: A cross-
sectional study that included schoolchildren from grades 1 to 3 aged 6 to 9 years from
public schools of two highly deprived communities was carried out. Sociodemographic
information was collected in a face-to-face interview with parents, while dental
examination and anthropometric measurements were conducted by two calibrated
dentists, respectively. The Caries Assessment Spectrum and Treatment instrument
was used to register dental caries, while body measurement was evaluated using the
child's weight and height. The association between dental caries metrics and ZBMI
score was evaluated in crude and adjusted linear regression models and the
association between dental caries metrics and ZBMI categories was evaluated in crude
and adjusted logistic regression models. Results: A total of 493 children with 8.13 yrs-
old (x0.93) were assessed. The mean ZBMI score was 0.35 (SD: 1.29) and the mean
DMFT and dmft were 0.20 (SD: 0.59) and 2.08 (SD: 2.54), respectively. Overall, 61.5%
of the children had caries experience and 52.5% of them, untreated dental caries
(cavitated dentine lesions). Moreover, 17.0% were classified as overweight, 8.9% as
obese, and 2.8% as severe obese. Only the BMI Z-score obesity category was
associated with the prevalence of untreated caries, and none of the different indicators
of dental caries metrics, including caries prevalence and severity were associated with
children's ZBMI score in either crude or adjusted models. Conclusion: This study
found no significant association between BMI| Z-score and dental caries among
underprivileged Brazilian schoolchildren.

Keywords: Oral health, dental caries, body weight, cross-sectional studies, childhood
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INTRODUCTION

The double burden of malnutrition, defined as the simultaneous manifestation of both
undernutrition and overweight/obesity, affects most low- and middle-income countries
(1). This double burden is often associated with the nutrition transition or the
progression away from the local traditional diet towards a Westernized diet with low
nutritional density (2). Coexisting with undernutrition, a global epidemic of overweight
and obesity in childhood and adolescence has been increasing rapidly and is
associated with adverse health consequences throughout the life-course (3). The
worldwide global prevalence of overweight and obesity has nearly tripled from 1975 to
2016. This prevalence among children and adolescents aged 5-19 years has risen
from just 4% in 1975 to just over 18% in 2016, resulting in over 340 million children
and adolescents being overweight or obese (3, 4). Globally more people are obese
than underweight — this occurs in every region of the world except parts of sub-Saharan
Africa and Asia (3). National data from Brazil showed that 33.5% of 5-9-year-old
children were overweight (5) and 12% were obese in the 2010s decade (6).

Dental caries and childhood obesity are common chronic conditions among children
worldwide (7, 8). Whether and how both conditions are related is still a matter of
debate, given that they both share common risk factors. This is a growing area of
research, with 16 systematic reviews published since 2006, with most primary studies
using a cross-sectional design (9-22). Of the 16 reviews, 12 assessed the association
between obesity and dental caries, two reviews evaluated the association with
undernutrition, one of them its association with both undernutrition and
overweight/obesity, and in one review dental caries was the exposure instead of the
outcome. A positive association between caries and obese children was reported in
four reviews (9-12), and between caries and underweight children was reported in
three reviews (13-15), whilst only one review found no association between dental
caries and body mass index (BMI), (16) and eight did not find sufficient evidence
regarding the association (17-24). There was significant heterogeneity among primary
studies, namely in terms of sample size, target age groups (under 6, 6 to 12, 12, and
under 18 years old), measurement of dental caries experience (WHO criteria or the
International Caries Detection and Assessment System criteria), measures of BMI
(mean BMI, BMI z-score, BMI percentile for age, and weight-for-height z-score), and
adjustment for relevant confounders (demographic indicators, diet and hygiene
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factors). Amongst the 16 reviews, two assessed only the primary dentition (9, 10), and
the remaining reviews investigated both dentitions varying between separate and
mixed assessments. Twelve of the aforementioned reviews searched the evidence
regarding caries prevalence in both children and adolescents (under 18 years of age),
one in children and adolescents ranging in age from six months to 19 years, two
reviews in children and adults, and two reviews searching evidence solely for early
childhood (6 years of age and younger). Only three reviews assessed caries severity,
which highlights a need to focus on evidence in specific age groups and caries
prevalence, as well as the severity of dental caries. The balance of evidence among
the reviews that found a positive association between dental caries and weight
suggests that dental caries in the primary dentition is associated with undernutrition
and that dental caries in the permanent dentition could be associated with obesity.
However, contradictory findings indicate that there is still a need for more well-
designed primary studies in order to established the type of relationship that exists
between dental caries and overweight/obesity in children. Therefore, this study aims
to identify if there is a relationship between BMI Z-score, which classifies different
degrees of weight status in children and adolescents, and dental caries among

underprivileged Brazilian schoolchildren aged 6-9-years-old.

METHODS

This cross-sectional study was approved by the Research Ethics Committee of the
Fundacéo de Ensino e Pesquisa em Ciéncias da Saude of the Federal District, Brazil
(FEPECS/SES/DF# 3.066.168) and supported by both local Education and Health
Secretaries. Parents signed a consent form, and the children signed an assent form
agreeing with their participation in the study.

Baseline data was collected using a survey methodology. For the baseline survey, a
minimum sample size (n=534) was calculated to report descriptive outcomes of
interest (e.g., dental health outcomes) with 95% confidence interval (95% CI) with an
6% error margin (standard error = 3%) at two levels of breakdown in explanatory

variables.

Two public schools serving small communities experiencing high levels of social

deprivation, Estrutural and Sol Nascente, were purposely selected. For ethical
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reasons, all schoolchildren enrolled in years 1-3 in the two schools were invited to
participate, but only those aged 6-9-year-old were included in the data analysis. The
school headteachers sent invitation letters and consent forms to parents in pupils’
schoolbags. After collecting the signed consent forms, parents were invited to visit the
school for an interview and bring their children with them to the clinical examination.
This strategy was adopted as, while the study was being carried out (from August 2021
to June 2022), on-site activities in schools were interrupted due to the COVID-19
pandemic. Reminders were sent weekly for the following two weeks to those parents
who did not respond. The response rate was 60%.

Data were collected at school premisses through interviews with parents and clinical
examinations of schoolchildren (body measurement and oral health examination).
Data were captured using electronic forms specifically designed for the study. The
research team (interviewers, clinical examiners, and scribers) received specific
examination protocols for training purposes and were trained in workshops to discuss
the operationalization of the work stages and the attributions of each participant and
to ensure an acceptable degree of uniformity in the procedures. All the research team
followed the guidelines for prevention of cross-infection during the examinations (25).

Seven interviewers (AMSD, CDPVR, 1QDQ, JBA, LBA, MVSS, PAAK) carried out
interviews with parents using a structured questionnaire to gather information on
parental and child demographic characteristics and family socioeconomic status
(monthly family income). For intra and inter-examiner reliability assessment, duplicated
interviews on 31 and 38 children were carried out, respectively, by a gold standard
examiner (ENL). One dentist (IPM) and one examiner (ETAP) conducted all dental
examinations and anthropometric measurements (weight and height) of the children,

respectively.

Previously to the beginning of the study, both examiners were trained and calibrated
as follow: for the dental examination, a specialist in paediatric dentistry was trained
and calibrated in applying the CAST (Caries Assessment and Spectrum Treatment)
instrument for dental caries detection (26). Initially, the examiner attended theoretical
lectures about the instrument given by an expert (SCL). Following the training, a
calibration exercise was carried out using clinical images of teeth presenting different
conditions aiming to determine the examiner level of agreement in registering dental

caries. In the sequence, children at the same age of those who would participate in the
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study were examined. The calibration was considerate concluded when good levels of
inter-examiner agreement were obtained. For the anthropometric measurement, an
anthropometric evaluation protocol in children from 6 to 9 years old was created for the
study. The examiner was trained in measuring the weight and height by examining
children at the same age as those who would participate in the study, and once again
the calibration was considered concluded when good levels of agreement were
obtained.

The examinations were performed in two different rooms in each school with good
natural light. For the dental examination, a tabletop light, a CPI probe, and a plain
mouth mirror were used. After the child being positioned on a stretcher, the dentist
used a toothbrush, which was donated to the child, without toothpaste for removal of
debris before examining the teeth. Tooth surfaces were not air-dried but excess of
saliva was removed with gaze when needed. Dental caries was recorded by tooth
using the CAST instrument (26), which is structured in a hierarchical way as follow:
CAST 0 = sound; CAST 1 = sealant; CAST 2 = restoration; CAST 3 = enamel caries
lesion; CAST 4 = caries-related discoloration in dentine, localized enamel breakdown
may or may not be present; CAST 5 = distinct cavitation into dentine and the pulp
chamber is intact; CAST 6 = pulp involvement; CAST 7 = abscess or fistula; CAST 8
= tooth extracted due to caries. Moreover, following the healthy/diseased
epidemiological approach, according to the CAST instrument, a dentition can be
characterised, on the basis of the maximum CAST score per subject, in one of the
following stages: healthy (CAST 0 to 2); pre-morbidity (CAST 3); morbidity (CAST 4
and 5); severe morbidity (CAST 6 and 7); and mortality (CAST 8) and it can be
converted into DMF/dmf index (26). For reliability assessment, parallel measurements
on 24 children (including 768 teeth) were carried out by the single examiner during the

survey.

For the anthropometric measurement, the examiner used a calibrated, high-quality
digital scale (Model HBF-514, Omron, Japan) to measure children’s weight without
shoes or heavy outer clothing. A portable stadiometer measured in 0.1 cm increments
(Model AVA-305, Avanutri, Brazil) was used to measure children’s height (27-29). All
body measurements were taken in duplicate. If they were within 0.1 kilograms and 1
cm, the average of both measurements was recorded; if not, the children were
remeasured until this standard was met. For reliability assessment, parallel
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measurements on 21 children were carried out by the single examiner during the

survey.
Data analysis

Data entry, manipulation, and analysis were carried out in IBM SPSS Statistics for
Macintosh, Version 27 (SPSS Inc., Armonk, NY). Considering age (6 to 9 years old)
as the inclusion criterion for data analysis, 543 participants who fulfilled requirement
were included. Of this total, 493 presented completed parental questionnaires,
children’s dental examinations, and anthropometric assessment, and formed the final
sample. The completion rate and kappa values were calculated.

The body mass index for sex and age z-score was used to determine the nutritional
status of children (30). The 2007 WHO Growth reference data for 5-19 years were
used in this estimation (31). Based on this score, children were classified as: severe
underweight with Z-scores < -2, underweight/normal weight with Z-scores between -2
and +0.99, overweight from 1 to 1.99, obese from 2 to 2.99, and very obese = 3 (32).
Twelve dental indicators were estimated (taking into account primary teeth, permanent
teeth and both dentitions): caries experience (dmft/DMFT) according to the WHO
criteria cavitated dentine caries threshold; untreated dental caries (dt/DT) (33); CAST
severe morbidity stage (CAST 6 and 7); and finally, all healthy/diseased stages
(healthy; pre-morbidity; morbidity; severe morbidity; and mortality). CAST scores were
converted into dmft/DMFT according to de Souza et al. (2014) (34). Monthly family
income data was categorised in less than 1, 1 to 1.9, and 2 or more Brazilian minimum

wages.

Following data manipulation, descriptive data analysis was carried out. Frequency
distributions were generated. To assess the impact of missing data, participants
included in the study sample were compared to those excluded due to missing data on
demographic and clinical data using the Chi-square test for categorical variables and
Student’s t-test for numerical variables. Also, demographic data of the final sample
was compared with census data. Next, the response rate, intra- and inter-examiner
agreement were estimated. The association between dental health metrics and ZBMI
score was evaluated in crude and adjusted linear regression models as the outcome
measure was a normally distributed continuous variable. The adjusted regression
model included controls for child demographic factors (sex and age in months) and

family socioeconomic circumstances (monthly family income). The same pair of crude
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and adjusted models were presented to test the association of each category of ZBMI
with the prevalence of untreated caries, lifetime caries prevalence and severe caries
using logistic regression. Odds ratios (ORs) were thus reported. Twelve separate set
of regression models were reported; that is, one for each dental health metric.

RESULTS

The kappa values for the anthropometric and dental examination were 0.99 (weight),
0.99 (height), 0.84 (dental caries in primary teeth) and 1 (dental caries in permanent
teeth).

There were no sociodemographic or clinical differences (body measurements and
dental examination) between children included in the study and those excluded due to

missing data on relevant variables.

The characteristics of the study sample (n=493) are shown in Table 1. The mean ZBMI
score was 0.35 (SD: 1.29). According to the BMI Z-score, the majority of the children
(342) were classified as underweight/normal weight (69.4%). Considering both
dentitions, 61.5% of the children had caries experience (CAST codes 2, 5-8), 52.5%
had untreated dental caries (CAST codes 5-7) and 20.3% were allocated in the severe
morbidity stage (CAST codes 6-7). Overall, the most common maximum CAST score
per child observed was those that comprise the morbidity stage (codes 4-5), with a
frequency of 29.8%. By dentition, the severity of dental caries was much higher in

deciduous teeth than in permanent ones.

Table 1. Characteristics of the study sample (n=493)

nor % or
mean [SD]
Sex
Boys 261 52.9
Girls 232 471
Age in months 97.5 111
Montlhy family income
<1 minimum wage 157 31.8
1-1.9 minimum wages 191 38.7

2+ minimum wages 145 29.4



BMI Z-score categories
Severe underweight
Underweight/Normal weight
Overweight
Obesity
Severe obesity

DMFT/dmft
Primary teeth
Permanent teeth
Both dentitions

Untreated caries
Primary teeth
Permanent teeth
Both dentitions

Caries experience
Primary teeth
Permanent teeth
Both dentitions

Severe caries
Primary teeth
Permanent teeth
Both dentitions

CAST maximum score in primary teeth
Healthy
Pre morbidity
Morbidity
Severe morbidity

Mortality

342
84
44
14

2.08
0.20
2.26

247
51
259

289
65
303

100

100

199
16
137
81
57

CAST maximum score in permanent teeth

Healthy

Pre morbidity
Morbidity

Severe morbidity

Mortality

375
59
53

1
1

CAST maximum score in both dentitions

1.8
69.4
17.0
8.9
2.8

2.54
0.59
2.70

50.4
10.4
52.5

59.0
13.3
61.5

20.4
0.2
20.3

40.6
3.3

28.0
16.5
11.6

76.7
12.1
10.8
0.2
0.2

48
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Healthy 176 35.7
Pre morbidity 31 6.3

Morbidity 147 29.8
Severe morbidity 81 16.4
Mortality 58 11.8

None of the different indicators of caries prevalence or severity was associated with
children's ZBMI score in either crude or adjusted models (Tables 2 and 3 respectively).
Most associations were negative, suggesting that having untreated caries, caries
experience, severe morbidity or a higher maximum CAST scores were associated,
albeit not significantly, with lower ZBMI scores among children. After adjustment for
confounders, children with untreated caries (Coefficient: -0.06, 95% CI: -0.29 to 0.17)
had lower ZBMI score whereas children with caries experience (0.01; 95% CI: -0.24 to
0.23) and severe morbidity (0.05; 95% CI: -0.23 to 0.32) had higher ZBMI score than
those without such conditions. Children with a maximum CAST score at the pre-
morbidity (0.32; 95% CI: -0.18 to 0.82), severe morbidity (0.05; 95% ClI: -0.29 to 0.39)
and mortality stages (0.07; 95% CI: -0.32 to 0.46) had higher ZBMI score whereas
children with a maximum CAST score at the morbidity stage had lower ZBMI score (-
0.06; 95% CI: -0.34 to 0.23) than caries free children (CAST code 0).

Table 2. Child ZBMI score by sociodemographic factors and multiple caries indicators (n=493)

Mean (SD) Coef.? [95% CI] p value
Sex

Boys 0.40 (1.35) 0.00 [Reference]

Girls 0.29 (1.22) -0.11 [-0.34, 0.12] 0.348
Age in months - - 0.001 [-0.01, 0.01] 0.781
Monthly family income

<1 minimum wage 0.32 (1.21) 0.00 [Reference]

1-1.9 minimum wages 0.34 (1.40) 0.02 [-0.25, 0.30] 0.873

2+ minimum wages 0.39 (1.25) 0.07 [-0.22, 0.36] 0.649

Untreated caries in primary teeth
No 0.38 (1.45) 0.00 [Reference]
Yes 0.33 (1.13) -0.06 [-0.29, 0.17] 0.633



Untreated caries in permanent teeth
No
Yes
Untreated caries in both dentitions
No
Yes
Caries experience in primary teeth
No
Yes
Caries experience in permanent teeth
No
Yes
Caries experience in both dentitions
No
Yes
Severe caries in primary teeth
No
Yes
Severe caries in both dentitions
No
Yes
CAST maximum score in primary teeth
Healthy
Pre-morbidity
Morbidity
Severe morbidity

Mortality

0.35
0.29

0.38
0.32

0.36
0.35

0.35
0.30

0.35
0.34

0.34
0.39

0.34
0.39

0.37
0.58
0.27
0.38
0.40

CAST maximum score in permanent teeth

Healthy
Pre morbidity
Morbidity-to-Mortality

CAST maximum score in both dentitions

Healthy
Pre-morbidity
Morbidity

0.32
0.55
0.33

0.33
0.65
0.26

(1.29)
(1.40)

(1.43)
(1.16)

(1.47)
(1.17)

(1.30)
(1.33)

(1.45)
(1.19)

(1.33)
(1.15)

(1.48)
(1.16)
(1.21)

0.00
-0.06

0.00
-0.06

0.00
-0.01

0.00
-0.05

0.00
-0.01

0.00
0.04

0.00
0.05

0.00
0.20
-0.10
0.01
0.03

0.00
0.23
0.01

0.00
0.32
-0.07

[Reference]

[-0.44, 0.31]

[Reference]

[-0.29, 0.17]

[Reference]

[-0.24, 0.22]

[Reference]

[-0.39, 0.29]

[Reference]

[-0.24, 0.23]

[Reference]

[-0.24, 0.32]

[Reference]

[-0.23, 0.33]

[Reference]
[-0.45, 0.86]
[-0.38, 0.18]
[-0.33, 0.34]
[-0.35, 0.41]

[Reference]
[-0.12, 0.59]
[-0.35, 0.36]

[Reference]
[-0.17, 0.81]
[-0.35, 0.22]

0.739

0.602

0.930

0.765

0.939

0.760

0.717

0.544
0.478
0.973
0.889

0.201
0.969

0.201
0.653
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Severe morbidity 0.38 (1.15) 0.05 [-0.29, 0.39] 0.781

Mortality 0.41 (1.14) 0.08 [-0.30, 0.46] 0.678

Few children had severe caries in permanent teeth (n=1). Therefore, reliable estimates could not be
computed.

2 Linear regression was fitted. Regression coefficients [Coef.] were thus reported, which represent the
difference in ZBMI score between children with and without dental caries.

Table 3. Associations between different indicators of dental caries and child BMI Z-score (n=493)

Caries indicator Coef.? [95% CI] p value

Untreated caries in primary teeth

No 0.00 [Reference]

Yes -0.05 [-0.28, 0.18] 0.660
Untreated caries in permanent teeth

No 0.00 [Reference]

Yes -0.08 [-0.46, 0.30] 0.682
Untreated caries in both dentitions

No 0.00 [Reference]

Yes -0.06 [-0.29, 0.17] 0.627
Caries experience in primary teeth

No 0.00 [Reference]

Yes 0.01 [-0.24, 0.23] 0.958
Caries experience in permanent teeth

No 0.00 [Reference]

Yes -0.07 [-0.41, 0.27] 0.694
Caries experience in both dentitions

No 0.00 [Reference]

Yes 0.01 [-0.24, 0.23] 0.968
Severe caries in primary teeth

No 0.00 [Reference]

Yes 0.04 [-0.24, 0.32] 0.787
Severe caries in both dentitions

No 0.00 [Reference]

Yes 0.05 [-0.23, 0.32] 0.753

CAST maximum score in primary teeth
Healthy 0.00 [Reference]
Pre-morbidity 0.20 [-0.46, 0.86] 0.560



Morbidity -0.09 [-0.38, 0.19] 0.517
Severe morbidity 0.01 [-0.33, 0.34] 0.964
Mortality 0.01 [-0.38, 0.39] 0.969
CAST maximum score in permanent teeth
Healthy 0.00 [Reference]
Pre-morbidity 0.23 [-0.13, 0.60] 0.210
Morbidity-to-Mortality -0.001 [-0.36, 0.36] 0.994
CAST maximum score in both dentitions
Healthy 0.00 [Reference]
Pre-morbidity 0.32 [-0.18, 0.82] 0.207
Morbidity -0.06 [-0.34, 0.23] 0.707
Severe morbidity 0.05 [-0.29, 0.39] 0.781
Mortality 0.07 [-0.32, 0.46] 0.724
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Few children had severe caries in permanent teeth (n=1). Therefore, reliable estimates could not be
computed.

@ Linear regression was fitted. Adjusted regression coefficients (Coef.) were thus reported, which
represent the difference in ZBMI score between children with and without dental caries after controlling
for child sex and age (in months) and monthly family income.

Table 4 shows the association of child BMI Z-score categories with the prevalence of
multiple caries indicators (untreated caries, caries experience and severe caries).
Obesity was associated with the prevalence of untreated caries in both crude and
adjusted models (Odds Ratio: 0.50, 95%CI: 0.26-0.96 and OR: 0.51, 95%CI: 0.26-
0.96). Severe obesity was associated with the caries experience prevalence in the
crude model (OR: 0.32, 95%CI: 0.11-0.99). However, this association was attenuated
after adjustment for confounders (OR: 0.35, 95% CI: 0.11-1.07).

Table 4. Models for the association of child BMI Z-score categories with the prevalence of multiple
caries indicators (n=493)

n %
Outcome: Untreated caries in both dentitions

COR[95% Cl] AOR [95% CI]

Underweight/normal weight 190 55.56 1.00 [Reference] 1.00 [Reference]
Overweight 47 55.95 1.02 [0.63-1.64] 1.01 [0.62-1.64]
Obesity 17 38.64 0.50 [0.26-0.96]* 0.51 [0.26-0.96]*
Severe Obesity 4 28.57 0.32[0.10-1.04] 0.32[0.10-1.07]
Severe underweight 2 2222 0.23 [0.05-1.12] 0.21 [0.04-1.02]

Outcome: Caries experience in both dentitions

Underweight/normal weight 216 63.16 1.00 [Reference] 1.00 [Reference]
Overweight 58 69.05 1.30 [0.78-2.17] 1.28 [0.76-2.14]
Obesity 22 50.00 0.58 [0.31-1.10] 0.57 [0.30-1.08]
Severe Obesity 5 35.71 0.320.11-0.99]* 0.35[0.11-1.07]
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Severe underweight 3 33.33 0.29[0.72-1.19] 0.28 [0.07-1.15]
Outcome: Severe caries in both dentitions

Underweight/normal weight 81 23.68 1.00 [Reference] 1.00 [Reference]

Overweight 14 16.67 0.64 [0.34-1.20] 0.65[0.34-1.21]

Obesity 8 18.18 0.72[0.32-1.60] 0.72[0.32-1.61]

Severe Obesity 2 14.29 0.54 [0.12-2.45] 0.50[0.11-2.32]

Severe underweight 1 11.11 0.40 [0.05-3.27] 0.38 [0.05-3.11]

COR: crude odds ratio; AOR: adjusted odds ratio.

@ Estimates correspond to odds ratios from logistic regression models. AOR estimates were adjusted
for child sex and age (in months) and monthly family income.

* p<0.05

DISCUSSION

The nutritional status of the population has changed and obesity has increased
significantly globally in the last decades (3). As both dental caries and obesity share
common risk factors, there is a great interest in determining the association between
the two problems, but up to date, it was not possible to establish if there is and what
type of relationship exists between them. Overall, the results of the present
investigation indicate that there is no association between ZBMI scores and dental
caries in underprivileged children, except for the BMI Z-score obesity category.

It is important to highlight that the findings varied depending on how obesity and dental
caries were defined. For example, an association was found when obesity was defined
using the ZMBI categories but not using the ZBMI score and when dental caries was
defined using indicators of current untreated caries lesions, but not when defined using
cumulative indicators. This is accordance with a previous study that showed that the
use of different standards to define obesity and thresholds to define dental caries can

affect the magnitude of the association between both conditions (35).

The public schools in which this study was carried out are located in communities that
are characterised by extreme poverty, and high levels of social and material
deprivation (36, 37), which justifies the low monthly family income reported herein.
These communities were conveniently selected for precisely presenting this
characteristic once, despite the undeniable role of genetic endowment in the life
course, it is known that poor living conditions affect health throughout the life course
(38). Therefore, it is important to support policies to reduce child poverty and its
consequences on child's health, starting by measuring and understanding the problem
(39).
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Throughout the implementation of the study, it was noticed that determining children's
unhealthy body weight is more complex than establishing a threshold for poor oral
health status. One of the reasons for this relates to the fact that the assessment of
child weight status varies considerably across studies (11, 12, 23). In this study, BMI
z-score (ZBMI) was used to assess body weight aiming to have a more
comprehensible assessment as this indicator is adjusted for age and sex. However, it
is worth mentioning that for adults, a cut-off value of BMI for predicting the risk of
several conditions exists, but children and adolescents require cut-offs of sex-specific
BMI relative to age because of the normal increase in BMI throughout puberty (40).

Another aspect that should be taken into account when assessing BMI in children, as
they are growing, is age and height. The indicator ZBMI is already adjusted for age
and sex using separate non-linear curves, while the BMI metric needs to be further
adjusted for age and sex, which may introduce complex age—sex-related patterns to
the residuals. However, the two metrics are very similar, particularly in terms of the

significance or non-significance of covariates (41).

In regard to dental caries, the CAST instrument allows to differentiate subjects
according to their healthy/disease status, which may be an advantage over other
methods, as it is possible to identify those who present the most severe conditions. In
addition, the present study is the first to examine the association using the CAST
instrument and BMI Z-score. By analysing our results, a high percentage of children
presented untreated dental caries requiring more complex treatments (CAST codes 6
and 7). This was already expected for a population who lacks assess to dental care,

as shown in a previous study conducted in Estrutural (42).

In terms of overweight and obesity prevalence, national data from Brazil showed that
33.5% of 5-9-year-old children were overweight and 14.3% were obese in the period
between 2008 and 2009 (5). A recent systematic review estimated a prevalence of
8.2% childhood obesity in Brazilian children aged < 10 years in the last three-decade
period (6), which is very similar to the prevalence found in this study (8.9%). The Non-
communicable Disease Risk Factor Collaboration (NCD-RisC) holds the largest global
database on obesity in children and adolescents aged 5-19. The most recent
estimates, published in 2017 showed that between 1975 and 2016, obesity prevalence
increased from 0.7 to 5.6% in girls and from 0.9 to 7.8% in boys worldwide. However,
the global increase in obesity masked heterogeneous trends at a national level (43).
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In concordance with our findings, previous studies that aimed to investigate the
association between dental caries and body weight in Brazilian schoolchildren
concluded that underweight, overweight, and obesity are not associated with dental
caries (44-47). However, a direct comparison with these studies is no possible as all
of them were carried out in 12-year-old schoolchildren (44, 46, 47), or 12 and 15 years

(45), while we included children aged 6 to 9 years.

It is interesting to notice that the socioeconomic situation of the population under
investigation seems to have an influence on the outcome 'dental caries-obesity'. A
study conducted in England aiming to investigate the shape and moderators of the
association between caries and obesity, reported that obesity was more strongly
related to the prevalence of dental caries in the least deprived areas, while there was
a weak or no association in more deprived areas (48). Other studies have also shown
a more pronounced association between obesity and dental caries in more affluent
children and countries (11, 12, 49). In addition, systematic reviews showed that the
association between obesity and dental caries is very inconsistent in the literature and,
up to date, whether it exists remains unclear (9-24).

Some potential limitations regarding the present investigation warrant discussion. First,
the inability to ascertain the level of parental bias in providing socio-demographic
information. Second, this is a cross-sectional study. A longitudinal study design, in
particular a birth cohort study, would better identify whether unhealthy body weight is
a predictor of untreated dental caries. Finally, the heterogeneity in studies measuring
body weight puzzles this field of research.

Considering the current high prevalence and the global increasing trend in the number
of prevalent cases of unhealthy body weight (48) and of untreated dental caries (8),
assessing if an association between unhealthy weight and dental caries exists is
relevant for the development of policies and strategies to address the population
burden of these two serious conditions.

CONCLUSION

This study found no significant association between BMI Z-score and dental caries

prevalence or severity among underprivileged Brazilian schoolchildren.
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ABSTRACT

Background: Childhood obesity and dental caries are prevalent chronic, multifactorial
conditions with adverse health consequences and considerable healthcare costs. The
aims of this study were: (1) to evaluate the relationship between obesity and dental
caries among young children using multiple definitions for both conditions, and (2) to
evaluate the role of family socioeconomic status (SES) and the child’s intake of added
sugars in explaining this association. Methods: Data from 2775 2—5-year-olds children
from the National Health and Nutrition Examination Survey (NHANES) 2011-2018
were analysed. Three different international standards were used to define obesity,
namely the World Health Organization (WHO), Centers for Disease Control and
Prevention (CDC), and the International Obesity Task Force (IOTF). Dental caries was
measured during clinical examinations and summarised as counts (dt and dft scores)
and prevalence (untreated caries [dt > 0] and caries experience [dft > 0]). The
association of obesity with dental caries was assessed in regression models controlling
for demographic factors, family SES and child’s intake of added sugars. Results: In
crude models, obesity was associated with greater dt scores when using the IOTF
standards (RR: 2.43, 95% CI: 1.11, 5.29) but not when using the WHO and CDC
standards; obesity was associated with greater dft scores when using the WHO (1.57,
95%CI: 1.11-2.22), CDC (1.70, 95%CI: 1.17-2.46) and |IOTF standards (2.43, 95%CI:
1.73-3.42); obesity was associated with lifetime caries prevalence when using the
WHO (1.55, 95%CI: 1.05-2.29), CDC (1.73, 95%CI: 1.14-2.62) and I0OTF standards
(2.45, 95%Cl: 1.61-3.71), but not with untreated caries prevalence. These
associations were fully attenuated after controlling for demographic factors, family SES
and child’s intake of added sugars. Conclusions: The relationship between obesity
and dental caries in primary teeth varied based on the definition of obesity and dental
caries used. Associations were observed when obesity was defined using the IOTF
standards and dental caries was defined using lifetime indicators. Associations were
fully attenuated after adjusting for well-known determinants of both conditions.

Keywords: dental caries; obesity; cross-sectional studies; childhood; primary teeth;
United States

* Artigo publicado no International Journal of Environmental Research and Public
Health em 2 de dezembro de 2022 (Anexo 2).
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INTRODUCTION

Childhood obesity and dental caries are common chronic, multifactorial conditions that
are associated with negative health effects over the life span of individuals and impose
a considerable burden on national healthcare systems [1, 2]. In 2020, 5.7% of children
younger than 5 years old were overweight or obese, which amounted to 39 million
cases worldwide [3, 4]. In addition, the Global Burden of Disease study showed that
the prevalence of untreated cavitated dentine caries lesions in children younger than
5 years old was 37.6% in 2019, amounting to 249 million cases globally [5].

Whether and how obesity and dental caries are related to each other is still a matter of
debate. This is a growing area of research, with four systematic reviews published in
the past five years [6-9]. While most reviews found that overweight/obesity and dental
caries in older children (permanent dentition) were positively associated, the findings
were less consistent in preschool children (primary dentition) [6-9]. Indeed, two reviews
found that obese children showed greater caries levels in primary teeth than children
of normal weight [8, 9] whereas two other reviews found no association [6, 7]. The
mixed findings highlight the need for more studies in this specific age group, especially
those that address limitations found in previous studies. One limitation consistently
identified in the above reviews was the lack of adjustment for relevant confounders of
the obesity-caries relationship, such as family socioeconomic status (SES) and child’'s
sugar intake. On one hand, both childhood obesity and dental caries are more frequent
among poorer families [2, 10]. On the other hand, sugar intake is an established
behavioural determinant of both obesity and caries in childhood and adulthood [11,
12]. The reviews also identified large heterogeneity between the primary studies.
Differences in the methods used to measure obesity (e.g., standards and cut-offs to
define obesity, analysis of overweight and obese groups carried out separately or
jointly, and merging the underweight with the normal weight group) and dental caries
(e.g., different thresholds, and analysis as count or prevalence) complicate the
interpretation of findings and any comparison between studies. A detailed exploration
of the impact of these methodological decisions on the estimates for the relationship
between childhood obesity and caries is warranted.

Regarding potential explanations for the obesity-caries relationship, it has been
reported that obesity can lead to changes in the oral microflora and salivary properties,
which in turn might predispose children to develop dental caries [13-15]. This
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explanation implies that dental caries is a consequence of obesity. However, it seems
to be more accepted that the relationship between childhood obesity and dental caries
is explained by common risk factors, such as a lower SES and a sugar-rich diet [9, 16,
17]. This second explanation has stronger implications as it would allow reducing the
burden of these two common childhood health problems through policies and
interventions that tackle their shared roots (e.g. sugars intake) [18]. Therefore, the aims
of this study were: (1) to evaluate the relationship between obesity and dental caries
in young children using multiple definitions for both conditions, and (2) to evaluate the
role of family socioeconomic status (SES) and the child's intake of added sugars in

explaining this association.

MATERIALS AND METHODS
Study population

This study used data from the National Health and Nutrition Examination Survey
(NHANES) 2011-2018, which is a programme of studies, carried out by the Centers
for Disease Control and Prevention (CDC). NHANES recruits a nationally
representative survey of the non-institutionalised population in the United States
through a stratified, multistage probability sampling. Data are collected annually and
released for public use in 2-year cycles to protect participants’ confidentiality. The
National Center for Health Statistics Research Ethics Review Board approved the
NHANES survey protocol and written parental permission was obtained for
participating minors. Each NHANES cycle included approximately 10,000 individuals
who were interviewed at home and assessed on a variety of health factors at a mobile
examination centre (MEC). Overall, there were 9756 participants in 2011-2012
(response rate: 72.6%), 10175 in 2013-2014 (71.0%), 9971 in 2015-2016 (61.3%), and
9254 in 2017-2018 (51.9%) [19].

Of the 3405 children aged 24 to 71 months in NHANES 2011-2018, 3168 had complete
data on body measurements and on oral health examination. Out of this total, 893
children were excluded on the basis of missing values on covariates (total energy
intake=616, child's intake of added sugars=593, poverty income ratio=277, parental
education=135). Therefore, the final analytical sample for the present report was 2775
children who had complete data on all relevant variables.
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Variables selected

Dental caries was the study outcome, which was determined from oral health
examinations by licensed dentists who were trained in the NHANES methods.
Examinations were carried out at the MEC, using a portable dental chair, artificial light,
and compressed air. The examination of young children included a tooth count and
dental caries assessment that was registered at the cavitation-level following the
Radike’s criteria [20]. Inter-examiner Kappa values for untreated caries lesions ranged
from 0.93 to 1.00 [21]. The number of decayed teeth (dt score) and the sum of decayed
and filled teeth (dft score) were calculated for each participant. Both indicators were
also used to estimate the prevalence of untreated decay (dt>0) and caries experience
(dft>0), respectively.

Child body measures were collected at the MEC by trained health technicians. Height
was measured using a stadiometer with a fixed vertical backboard and an adjustable
headpiece. Participants were weighed in kilograms using a digital weight scale wearing
the standard MEC examination gown [22]. Weight and height measurements were
used to classify children according to three international standards: World Health
Organization (WHO), CDC and the International Obesity Task Force (IOTF). The 2007
WHO Growth reference standards for children 2 years or older were used to estimate
the body mass index (BMI) for sex and age z-score, which was then categorised as
underweight (lower than -2 Standard Deviations [SD]), normal weight (between -2SD
and +1SD), overweight (higher than +1SD, which corresponds to a BMI of 25 kg/m? at
19 years), and obesity (higher than +2SD, which corresponds to a BMI of 30 kg/m? at
19 years) [23, 24]. Using the CDC’s sex-specific 2000 BMI-for-age growth charts for
the US child population, underweight was defined as a BMI-for-sex-and-age lower than
the 5 percentile, normal weight as a BMI-for-sex-and-age equal or higher than the 5t
percentile but lower than the 85" percentile, overweight as a BMI-for-sex-and-age
equal or higher than the 85" percentile but lower than the 95" percentile, and obese
as a BMI-for-sex-and-age higher than the 95" percentile [25]. Finally, children were
classified according to the IOTF cut-offs calculated by sex and for each month of age
and for the equivalent of BMI 18.5 (underweight), 25 (overweight) and 30 (obesity) at
age 18 years [26].
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Family SES, child's demographic factors and intake of added sugars were also
included in the analysis as potential confounders for the relationship between obesity
and dental caries. Family SES was indicated by the poverty income ratio (which is
estimated by dividing family income by the poverty guidelines, specific to household
size, US state and year), and the household reference person’s education. Child
demographic factors included were age, sex and race/ethnicity. The child’s dietary
intake of all foods and beverages (including total calorie intake) was estimated from a
24-hour dietary recall interview at the MEC [27]. Consumption of added sugars (in
grams) was derived using the US Department of Agriculture (USDA) Food Patterns
Equivalent Database (FPED) for each NHANES cycle [28]. The FPED defines added
sugars as those sugars added to foods and beverages during processing or home
preparation, and sugars eaten separately or added to foods at the table [29]. Intake
was categorised into quartiles for analysis.

Statistical analysis

Data management and analysis were conducted in Stata version 17 (StataCorp,
College Station, TX). All analysis incorporated the survey design (stratification and
clustering) and weights. In order to evaluate the impact of missing data on the
representativeness of the study sample, children included and excluded from the
analysis were compared in terms of their sociodemographic, behavioural and clinical
characteristics with the Chi-square test for categorical variables and the independent
samples t-test for numerical variables. The dt and dft scores were compared by
sociodemographic and behavioural factors using simple negative binomial regression
models. Similarly, the prevalence of obesity (as defined by each of three standards)
was compared by sociodemographic and behavioural factors using simple binary
logistic regression.

The association of obesity with the dt and dft scores was tested using negative
binomial regression models as both caries indicators were count measures with
overdispersion. Therefore, rate ratios (RR) with 95% confidence intervals (95%Cl)
were the measure of association reported. The regression modelling started with the
crude association between each definition of obesity and the dt score (labelled as
Model 1). This association was controlled for the child’s demographic factors (sex, age
and race/ethnicity) in Model 2 and additionally for family SES (poverty income ratio
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and parental education), child’s intake of added sugars and total energy intake in
Model 3. The standard multivariate approach was used to adjust intake for total energy
intake [30]. The same set of three sequential models was fitted for testing the
association of each definition of obesity with the dft score. Finally, the same set of three
models was repeated using the prevalence of untreated decay (dt>0) and caries
experience (dft>0). Binary logistic regression was used in these analyses and odds
ratios (ORs) were reported.

RESULTS

Data from 2275 children were analysed (mean age: 3.4, SD: 1.1, range: 2 to 5 years).
Statistical differences were observed between children included and excluded from the
study sample due to missing values. Children in the study sample were more likely to
be older and White, to have parents with higher education, and to have normal weight
than those excluded. Overall, 21.9% of children had caries experience and 10.4% had
untreated caries lesions. The mean dt and dft scores were 0.32 (SD: 1.46, range: 0 to
13) and 1.01 (SD: 2.89, range: 0 to 16), respectively. Older and Hispanic children, as
well as those living in low SES and with greater intake of added sugars had greater dt
and dft scores (Table 1). The prevalence of obesity varied based on the standards
used, namely 9.5% according to the WHO standards, 11.3% according to the CDC
standards, and 5.9% according to the IOTF standards. Obesity was more common
among older and Hispanic children, those of low SES and with greater intake of added
sugars (Table 2).

Table 1. Description of the study sample and comparison of dental caries indicators by covariates.

N % dt dft
Mean (SD) Mean (SD)
Child sex
Boys 1117 49.1 0.38 (1.56) 1.10 (2.96)
Girls 1158 50.9 0.27 (1.36) 0.92 (2.82)
P value®@ 0.084 0.172
Child age
2 years 659 24.5 0.21 (1.30) 0.27 (1.49)
3 years 533 26.1 0.29 (1.31) 0.70 (2.25)
4 years 550 24.9 0.38 (1.49) 1.1 (2.98)
5 years 533 24.6 0.41 (1.66) 1.96 (3.74)
P value for trend 0.025 <0.001
Child race/ethnicity
Non-Hispanic White ~ 669 52.5 0.24 (0.97) 0.75 (1.89)
Non-Hispanic Black 576 13.6 0.38 (2.05) 1.06 (3.87)
Hispanic 655 23.5 0.41 (1.65) 1.54 (3.91)
Asian 193 4.0 0.52 (3.13) 1.12 (4.71)
Other 182 6.4 0.48 (2.13) 0.96 (2.87)

P value 0.250 0.017




Poverty income ratio
<1.00
1.00-1.99
2.00-2.99
>=3
P value for trend
Parental education
Below high school
High school
Above high school
P value for trend
Child intake of added sugars
Q1 (lowest)
Q2
Q3
Q4 (highest)
P value trend

817
610
317
531

472
1246
557

666
811
576
222

28.1
253
14.9
31.6

15.8
53.5
30.7

29.2
36.6
25.0
9.3

0.59
0.35
0.22
0.12
<0.001

0.54
0.41
0.06
<0.001

0.27
0.31
0.39
0.36
0.215

1.55
1.01
1.13
0.46
<0.001

1.92
1.08
0.40
<0.001

0.87
0.90
1.22
1.25
0.023
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@ P values were derived from crude negative binomial regression models, using an omnibus test to

compare unordered groups and a test for linear trends to compare ordered groups.

Table 2. Prevalence of obesity (as defined by three international standards) by sociodemographic and

behavioural factors (n=2275).

‘snt"a-lrgiards CDC standards IOTF standards
n % n % n %
Child sex
Boys 108 9.9 121 10.9 55 5.5
Girls 112 9.2 134 11.6 74 6.3
P value® 0.665 0.723 0.531
Child age
2 years 58 8.8 55 8.3 19 2.7
3 years 43 6.4 52 8.1 18 3.2
4 years 52 10.1 69 13.5 36 6.5
5 years 67 12.9 79 15.2 56 11.3
P value for trend 0.035 0.006 <0.001
Child race/ethnicity
Non-Hispanic White 51 7.4 63 9.2 30 4.2
Non-Hispanic Black 58 10.7 62 11.4 32 6.9
Hispanic 90 15.2 105 17.7 55 9.9
Asian 7 3.6 9 4.7 3 1.7
Other 14 6.5 16 8.3 9 5.2
P value <0.001 <0.001 0.003
Poverty income ratio
<1.00 9 12.0 100 12.6 55 8.1
1.00-1.99 64 10.3 80 13.3 40 6.7
2.00-2.99 35 11.1 38 13.2 19 6.2
>=3 30 59 37 7.5 15 3.0
P value for trend 0.031 0.076 0.029
Parental education
Below high school 64 13.0 69 13.2 34 7.2
High school 127 10.7 151 13.4 79 7.4
Above high school 29 5.7 35 6.5 16 2.5
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P value for trend 0.004 0.002 0.002
Child intake of added sugars

Q1 (lowest) 54 6.9 60 8.5 23 3.2

Q2 79 9.5 90 10.7 51 6.5

Q3 62 11.6 72 141 37 6.9

Q4 (highest) 25 12.2 33 14.7 18 9.0

P value for trend 0.097 0.036 0.044

@ Obesity was defined as a BMI for sex and age z-score > +2 SD (WHO standards), a BMI-for-sex-and-
age > 95th percentile (CDC standards) and a BMI = those age-sex specific BMI cut-offs corresponding

to BMI = 30 at age 18 years (IOTF standards). b Unordered groups were compared using the Chi-square
test whereas ordered groups were compared using the Chi-square test for linear trends.

The association of obesity with the dt score is shown in Table 3 and Figure 1. In crude
models, overweight and obese children had greater dt scores than children with normal
weight. In addition, estimates (RRs) were consistently higher for obese than for
overweight children. However, the estimate for obesity was significant only when using
the IOTF standards. Obese children had 2.43 (95%CI: 1.11, 5.29) times higher dt
scores than normal-weight children. This association was weakened but continued to
be significant after adjusting for child demographic factors (2.20, 95%ClI: 1.07, 4.52).
However, it was fully attenuated after additional adjustment for family SES and child’s
intake of added sugars (1.65, 95%CI: 0.87, 3.11). Table 3 and Figure 1 also show the
association of obesity with the dft score. In crude models, obese children showed
greater dft scores than children with normal weight when using the WHO (1.57, 95%CI:
1.11, 2.22), CDC (1.70, 95%CI: 1.17, 2.46) and IOTF standards (2.43, 95%ClI: 1.73,
3.42), respectively. However, the corresponding estimates for overweight were equal
to 1 or less. The estimate for the association between obesity (according to the IOTF
standards) and dft score was weakened but continued to be significant after
adjustment for child demographic factors in Model 2 (2.10, 95% CI: 1.28, 3.45) and
additionally for family SES and child intake of added sugars (2.02, 95% CI: 1.28, 3.17).

Table 3. Models for the association of BMI groups (as defined by three international standards) with dt
and dft scores among 2-5-year-old children (n=2275).

M SD Model 1 Model 2 Model 3
ean  (SD) RR [95%CI] RR [95%CI] RR [95%CI]
Untreated caries:
WHO standards
Normal 0.29 (1.41) 1.00 [Reference] 1.00 [Reference] 1.00 [Reference]
Overweight 0.33 (1.27) 1.11 [0.63-1.95] 0.98 [0.63-1.52] 0.97 [0.60-1.56]

Obese 0.52 (2.10) 1.76 [0.88-3.52] 1.63 [0.87-3.04] 1.30 [0.76-2.25]
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Underweight 0.97 (3.70) 3.31[0.58-18.75] 2.58 [0.42-15.95] 1.42 [0.27-7.41]
CDC standards
Normal 0.27 (1.29) 1.00 [Reference] 1.00 [Reference] 1.00 [Reference]
Overweight 0.38 (1.32) 1.41 [0.85-2.36] 1.25[0.75-2.10] 1.22 [0.75-1.99]
Obese 0.56 (2.10) 2.12[0.98-4.59] 1.86 [0.94-3.68] 1.59 [0.89-2.84]
Underweight 0.55 (2.68) 2.07 [0.85-5.06] 1.63 [0.68-3.89] 1.37 [0.67-2.81]
IOTF standards
Normal 0.28 (1.31) 1.00 [Reference] 1.00 [Reference] 1.00 [Reference]
Overweight 0.41 (1.46) 1.45[0.81-2.63] 1.22 [0.81-1.83] 1.16 [0.73-1.84]
Obese 0.68 (2.36) 2.43[1.11-5.29]* 2.20 [1.07-4.52]* 1.65 [0.87-3.11]
Underweight 0.35 (1.88) 1.26 [0.67-2.37] 0.92 [0.53-1.62] 0.93 [0.52-1.68]
Caries experience:
WHO standards
Normal 0.99 (2.96) 1.00 [Reference] 1.00 [Reference] 1.00 [Reference]
Overweight 0.82 (2.32) 0.83 [0.57-1.22] 0.82 [0.59-1.14] 0.81[0.56-1.16]
Obese 1.56 (3.66) 1.57 [1.11-2.22]* 1.56 [1.00-2.45] 1.47 [0.97-2.12]
Underweight 1.08 (3.78) 1.09 [0.22-5.28] 0.69 [0.15-3.19] 0.420.11-1.66]
CDC standards
Normal 0.93 (2.82) 1.00 [Reference] 1.00 [Reference] 1.00 [Reference]
Overweight 0.88 (2.36) 0.95 [0.65-1.40] 0.87 [0.60-1.26] 0.84 [0.57-1.24]
Obese 1.58 (3.57) 1.70 [1.17-2.46]* 1.51 [0.96-2.38] 1.43 [0.93-2.19]
Underweight 1.21 (4.08) 1.30 [0.66-2.55] 1.15 [0.52-2.55] 0.83 [0.45-1.54]
IOTF standards
Normal 0.90 (2.69) 1.00 [Reference] 1.00 [Reference] 1.00 [Reference]
Overweight 0.90 (2.37) 1.00 [0.64-1.55] 0.92[0.61-1.39] 0.85[0.54-1.32]
Obese 2.19 (4.12) 2.43[1.73-3.42]* 2.10 [1.28-3.45]* 2.02[1.28-3.17]*
Underweight 1.29 (4.15) 1.43 [0.85-2.40] 1.16 [0.67-2.02] 1.01 [0.59-1.73]

The dt and dft scores were modelled using negative binomial regression. Rate ratios (RR) were reported.
Model 1 was unadjusted, Model 2 adjusted for child demographic factors (sex, age and race/ethnicity)
and Model 3 additionally adjusted for family socioeconomic status (poverty income ratio and parental
education) and child intake of added sugars (quintiles) and total energy intake. * p < 0.05.
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Association with the dft score (RRs)
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Figure 1. Crude and adjusted estimates (rates ratios, RRs) for the association of overweight and obesity
(as defined by three international standards) with the dt and dft scores among 2-5-year-old children
(n=2275). M1, M2 and M3 correspond to Models 1, 2 and 3 in Table 3.

Similar results were obtained when modelling dental caries in terms of having
untreated caries (dt>0) and caries experience (dft>0). Obesity was positively
associated with greater odds of having caries experience, but not untreated caries, in
crude logistic regression models. These associations were fully attenuated after
adjustment for demographic factors and remained as such after further adjustment for
family SES and child intake of added sugars (Table 4 and Figure 2).

Table 4. Models for the association of BMI groups (as defined by three international standards) with the

prevalence of untreated caries and caries experience among 2-5-year-old children (n=2275).

n % Model 1 Model 2 Model 3
OR [95%CI] OR [95%CI] OR [95%CI]
Untreated caries:
WHO standards
Normal 190 10.0 Reference Reference Reference
Overweight 53 106 1.07[0.66-1.73] 1.07 [0.69-1.67] 0.99 [0.60-1.64]
Obese 29 125 1.28[0.72-2.29] 1.11[0.59-2.09] 0.97 [0.55-1.69]
Underweight 2 20.5 2.31[0.38-14.0] 1.75[0.25-12.0] 1.46 [0.27-7.94]
CDC standards
Normal 183 9.3 Reference Reference Reference
Overweight 40 13.6 1.55[0.97-2.49] 1.47[0.92-2.36] 1.35[0.81-2.25]
Obese 38 13,5 1.53[0.78-3.00] 1.30[0.64-2.65] 1.15[0.61-2.20]
Underweight 13 108 1.19[0.58-2.45] 1.17[0.58-2.37] 1.35[0.64-2.86]
IOTF standards
Normal 189 9.8 Reference Reference Reference
Overweight 38 118 1.24[0.73-2.10] 1.15[0.72-1.85] 1.10 [0.67-1.79]
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Obese 20 16.2 1.78[0.91-3.47] 1.40][0.65-3.02] 1.19 [0.60-2.36]
Underweight 27 101 1.04[0.58-1.85] 0.95][0.54-1.68] 1.07 [0.57-2.00]
Caries experience:
WHO standards
Normal 377 217 Reference Reference Reference
Overweight 107 19.3 0.87[0.60-1.25] 0.90[0.63-1.28] 0.83 [0.55-1.25]
Obese 58 30.0 1.55[1.05-2.29]* 1.26[0.81-1.95] 1.13[0.73-1.75]
Underweight 2 20.5 0.93[0.15-5.67] 0.65[0.11-3.90] 0.56 [1.22-2.61]
CDC standards
Normal 378 20.7 Reference Reference Reference
Overweight 73 217 1.07[0.71-1.60] 1.00[0.66-1.53] 0.90 [0.57-1.42]
Obese 73 311 1.73[1.14-2.62]* 1.35[0.85-2.13] 1.23[0.78-1.95]
Underweight 20 179 0.84[0.43-1.63] 0.87[0.44-1.73] 1.00 [0.56-1.80]
IOTF standards
Normal 388 20.7 Reference Reference Reference
Overweight 65 220 1.07[0.67-1.72] 0.97[0.61-1.55] 0.89 [0.54-1.48]
Obese 42  39.0 245[1.61-3.71]* 1.55][0.95-2.54] 1.41 [0.84-2.36]
Underweight 49 20.3 0.98[0.59-1.61] 0.91][0.58-1.43] 1.03 [0.65-1.62]

Prevalence rates were modelled using binary logistic regression. Odds ratios (OR) were therefore
reported. Model 1 was unadjusted, Model 2 adjusted for child demographic factors (sex, age and
race/ethnicity) and Model 3 additionally adjusted for family socioeconomic status (poverty income ratio
and parental education) and child intake of added sugars (quintiles) and total energy intake.
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Figure 2. Crude and adjusted estimates (odds ratios, ORs) for the association of overweight and obesity
(as defined by three international standards) with the prevalence of untreated caries and caries
experience among 2-5-year-old children (n=2275). M1, M2 and M3 correspond to Models 1, 2 and 3 in
Table 4.

DISCUSSION

Little support was found for the relationship between obesity and dental caries in
primary teeth among young US children. Moreover, and maybe most importantly, it
was possible to observe that the findings varied depending on how obesity and dental
caries were defined. For example, an association was found when obesity was defined
using the IOTF standards but not using the CDC or the WHO thresholds, and when
dental caries was defined using cumulative indicators, but not indicators of current
untreated disease. In terms of the standards to define obesity, the highest prevalence
was found with the CDC standards, which were specifically designed for US children,
followed by the WHO and IOTF standards. A systematic review found that the IOTF
standards yield the lowest prevalence of obesity [31]. There is evidence that the choice
of the standards to define obesity can influence clinical decision to offer advice or
treatment, and estimation of resources required to address the burden of obesity [31].
In that sense, an earlier review showed obesity and dental caries were associated
when using the CDC standards but not associated when using the WHO standards
[32]. Recent work has paved the way for harmonising estimates for the prevalence of
obesity based on different standards [33] and might help to combine estimates from
different studies in further systematic reviews of the association of obesity with dental
caries. As for dental caries, findings were more consistent when looking at lifetime
caries indicators, such as the dft score or the prevalence of caries experience, than
indicators of current disease. This complicates the interpretation of cross-sectional
findings as dental caries could have occurred before the development of obesity.
Furthermore, whether caries is defined as a count (number of teeth affected) or
prevalence (% of children affected) introduces heterogeneity in the findings and makes
comparison between studies difficult. The present findings show that the use of
different standards to define obesity and different summary measures to define dental
caries can affect the magnitude of the association between both conditions.
Researchers should be mindful of such heterogeneity when comparing findings from

different studies or when pooling together estimates to carry out a meta-analysis.
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Some researchers have argued that the relationship between obesity and dental caries
is more commonly found in high-income countries, where both living standards and
access to healthcare services (including the way in which fluorides are used) are
relatively high [34, 35]. The reasons behind this finding are poorly understood [34, 35].
Three studies analysed NHANES data of children aged 2 to 5 years from 1999 to 2002
[36-38]. Two of them found that overweight or obese children had more decayed teeth
than normal-weight children; however, these differences were not significant. The
present finding is consistent with those from earlier studies and published reviews [6,
7].

A second important finding of this study was that the relationship between obesity and
dental caries was largely attenuated after adjusting for family SES and child intake of
added sugars. These findings suggest that obesity does not increase caries risk and
the presence of caries lesions does not increase obesity risk, but rather that shared
determinants drive the development of both conditions [16]. Low SES (as indicated by
living in families with lower poverty income ratio and with less educated parents in this
study) and dietary factors (consumption of added sugars) are shared risk factors
potentially linking obesity and dental caries [16, 17, 39]. This interpretation implies that
earlier studies which did not adjust for family SES and child's sugars intake could have
overestimated the true association of obesity with dental caries in young children.

The present findings have implications for policy and research. They point to the
shared roots of childhood obesity and dental caries. Policies and interventions that
address the social determinants of health (family SES) and the commercial
determinants of health (marketing, distribution and accessibility of foods and
beverages containing sugars) can ensure all children have a good start in life.
Identifying children at risk of becoming overweight early in life may provide
opportunities for family interventions to reduce the risk of both obesity and caries. It
may also provide information for the development of multidisciplinary teamwork, in
addition to allowing public health efforts to focus on groups that are at greater risk.
Further research is needed to test whether successful interventions to tackle childhood
obesity can also benefit children’s oral health. Preventing early introduction of sugars

in children’s diet could be a way forward [39, 40].

Some limitations of this study need to be discussed as well. First, no causal inferences
can be drawn from the cross-sectional data used in this study. Second, participants
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with missing data on obesity, caries or confounders were excluded. Since included
children were more likely to be older, White and normal weight and to have more
educated parents than excluded children, the present findings are not fully
generalisable to the whole population of pre-school US children. Third, we used the dft
score instead of the dmft score (which includes missing teeth too). This was because
NHANES does not collect information on the reason for teeth’s absence in young
children. Therefore, our cumulative measures of caries experience are likely to be
underestimated. Finally, the dietary assessment was based on parental reports of their
child’s intake over a single day (i.e., 24-hour dietary recall), which might not represent
the habitual diet of participants.

CONCLUSIONS

The relationship between obesity and dental caries in 2-5-year-old US children varied
based on the definition of obesity and dental caries used. Associations were observed
when obesity was defined using the IOTF standards and dental caries was defined
using lifetime indicators (dft score or caries experience). In addition, the relationship
between obesity and caries was fully attenuated after adjusting for well-known
determinants of both conditions (family SES and child sugars intake).
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ABSTRACT

Background: The body mass index has been traditionally used to determine the
nutritional status of children in studies on obesity and dental caries. Imaging methods
provide a superior assessment of body fat. This study investigated the relationship
between measures of adiposity and dental caries in permanent teeth in children and
adolescents. Methods: 5694 participants in the National Health and Nutrition
Examination Survey (NHANES) 2011-2018, aged 8 to 19 years, were included in the
analysis. The body fat percentage (BF%) and fat mass index (FMI) were determined
from whole-body dual-energy X-ray absorptiometry scans. Excess adiposity was
defined as a sex-and-age-specific value>75™ percentile according to the US reference
standards for BF% or FMI, respectively. Dental caries was measured with the DT and
DMFT indexes, prevalence of untreated dentin caries and lifetime caries prevalence.
The associations between adiposity and dental caries were tested in confounder-
adjusted regression models. Results: The FMI score was associated with the DMFT
score (rate ratio: 1.03, 95%CI: 1.01-1.05) and lifetime caries prevalence (odds ratio:
1.06, 95%Cl: 1.03-1.08), but the associations attenuated after adjustment for
confounders. Neither the BF% score nor the presence of excess adiposity, defined
according to the BF% or FMI reference standards, were associated with dental caries.
Conclusion: No association was found between measures of adiposity and dental
caries among US children and adolescents.

Practical Implications: Dental caries is a multifactorial disease and any observed
association between obesity and dental caries is most likely due to the shared
determinants and risk factors of both conditions.

Keywords: dental caries; adipose tissue; obesity; cross-sectional studies; child;
adolescent.

*Artigo aceito para publicagdo no Journal of American Dental Association em 30 de
julho de 2023.
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INTRODUCTION

Obesity and dental caries are serious global health problems, which are very common
in childhood and adolescence, and can impact their future health significantly.” The
global prevalence of overweight/ obesity among 5-19-year-olds was 18% in 20162
amounting to over 340 million cases.® Similarly, the global prevalence of untreated
dental caries among 5-19-year-olds was 25.4% in 2019, amounting to 449 million
cases.* In the United States (US), untreated caries in permanent teeth has been
decreasing in children but remains high later in adolescents where nearly 22% of 16-
19-year-olds have untreated dental caries.®

The potential obesity-caries relationship has been extensively reviewed, with recent
systematic reviews reporting conflicting findings.5'> There is a general
recommendation for new studies with stronger designs, more accurate assessments
for obesity and dental caries, and more stringent control of well-known confounders,
such as the consumption of added sugars and the family’s socioeconomic
circumstances.’®'2 In most primary studies, the body mass index (BMI) was
traditionally used to determine childhood obesity. However, the BMI is not without
limitations. The BMI is not able to distinguish between fat mass and lean body mass,
it does not identify fat distribution in the body and it may not be equally valid across
gender, race/ethnicity and age groups (this last limitation is especially important among
adolescents given bodily changes experienced during puberty).'3'# In addition, there
are differences in the international standards to define childhood obesity from BMI
values,'® which affect whether an association between obesity and dental caries is
identified.®

Imaging methods to determine body fat have been available for many years,'” but they
are not commonly used in epidemiological settings due to their high implementation
costs.'”'® However, they are important to determine the accuracy of anthropometric
methods.'®'® Two common indicators of adiposity are the body fat percentage (BF %)
and the fat mass index (FMI)."® Only two studies explored the association between
adiposity (determined using imaging methods) and dental caries.?%?! The first study
recruited 106 6-12-year-old patients from a pediatric dental hospital in Rome (ltaly).
The authors found that obese children (BF %>95"" percentile according to the McCarthy
cut-offs) had higher DMFT scores than normal weight and pre-obese children (BF%:
2nd.84% and 85M-95" percentiles, respectively). However, findings were reported
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without adjustment for confounders.?? The second study was carried out among 202
14-17-year-old adolescents in Kuopio (Finland) who participated in an intervention
study targeting physical activity and nutrition. The BF% was not associated with the
prevalence of untreated caries in crude or adjusted models.?"

Given information on the relationship between adiposity and dental caries is very
limited, studies from different countries and populations could inform new research
directions in this area. The purpose of the present study is to investigate the
relationship between measures of adiposity and dental caries in permanent teeth in
children and adolescents living in the US.

METHODS

Data source

The National Health and Nutrition Examination Survey (NHANES) is a national survey
of the non-institutionalized US population. This cross-sectional analysis used public
data from NHANES 2011-12, 2013-14, 2015-16 and 2017-18 cycles. In every cycle,
households were selected through multistage probability sampling and members
invited to an interview at home. Participants were then invited to undertake physical
and laboratory examinations at a mobile examination center (MEC). The National
Center for Health Statistics (NCHS) Ethics Review Board (ERB) approved the
NHANES protocol and written informed consent from participating adults or
parent/legal guardians of minors was obtained at enrolment. Additional information on

survey design and administration can be found elsewhere.??

Outcome variable

Dental caries was the dependent variable in the analysis. Trained examiners inspected
the condition of all teeth (excluding third molars) using visual and tactile criteria. The
NHANES assessment for dental caries was conducted using the Radike’s method to
provide information to build the DMFT index. Incipient or white spot carious lesions
were not part of the assessment.?® The inter-examiner Kappa scores were 0.93 and
0.96 for dental caries in permanent dentition.?* Four caries indicators were derived,
namely the number of decayed teeth (DT score), the number of decayed, missing and
filled teeth (DMFT score), the prevalence of untreated dentin caries lesions (defined
as a DT score>0) and lifetime caries prevalence (defined as a DMFT score>0).
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Key exposure variable

Measures of adiposity were obtained from whole-body dual-energy X-ray
absorptiometry (DXA) scans acquired on Hologic QDR-4500A fan-beam
densitometers (Hologic Inc., Bedford, MA) by trained radiology technologists. Detailed
documentation of the DXA scans is available in NHANES body composition
procedures manual.?®> The BF% was estimated as total body fat mass (kg)/total body
mass (kg) X 100 whereas the FMI was estimated as total body fat mass (kg)/height
(m?). Reference standards for BF% and FMI exist for use with US children and
adolescents.?2?7 Although there is no universally accepted cut-off point to define
excess adiposity using DXA body composition data, the 75" percentile of the sex-and-
age distribution of BF%?® and the 75" percentile of the sex-and-age distribution of
FMI?” were used to identify excess adiposity in previous studies.?%?” Therefore, we first
analyzed BF% and FMI as continuous scores, and subsequently, using the 75

percentile in the BF% and FMI reference standards to define excess adiposity.

Confounding variables

A number of confounders of the association between obesity and dental caries were
also included in the analysis. The socioeconomic circumstances of the child’s family
were assessed with the ratio of family income to the federal poverty threshold (hitherto
refer to as poverty-income ratio) and the highest level of education achieved by the
household reference person. Child factors included were demographic characteristics
(age, sex and race/ethnicity), intake of added sugars and total energy intake (kcal/day).
Data on all foods and beverages consumed and their caloric content, including their
respective US Department of Agriculture’s (USDA) Food and Nutrient Database for
Dietary Studies (FNDDS) code,?® were obtained through a 24-hour dietary recall done
by trained interviewers in the MEC. FNDDS codes of foods and beverages were
converted to their corresponding amount (g) of added sugars using the USDA Food
Patterns Equivalent Database (FPED) for every NHANES cycle.?° The quartiles of

added sugars intake were derived.

Statistical analysis
All analyses were done in Stata (StataCorp, College Station, TX), incorporating the
survey stratification, clustering and weights. First, the Chi-squared test and the

unpaired t-test were used to compare the characteristics of participants included and
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excluded from the analysis (due to missing data). Second, negative binomial
regression was used to compare the DT and DMFT scores whereas binary logistic
regression was used to compare the prevalence of untreated caries and lifetime caries
prevalence according to confounders. Similarly, linear regression was used to compare
the BF% and FMI scores whereas binary logistic regression was used to compare the
prevalence of excess adiposity (defined according to each indicator of adiposity)
according to confounders.

The associations of each indicator of adiposity (BF%, excess adiposity defined as
BF%>75™" percentile, FMI and excess adiposity defined as FMI>75™ percentile) with
the DT and DMFT scores were tested in separate negative binomial regression
models. Crude and confounder-adjusted rate ratios (RR) were therefore reported.
Intake of added sugars was adjusted for total energy intake using the standard
multivariate approach.3! The same pair of crude and adjusted models were presented
to test the association of each indicator of adiposity with the prevalence of untreated
caries and lifetime caries prevalence using binary logistic regression. Odds ratios
(ORs) were thus reported.
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RESULTS

A total of 8289 children and adolescents, aged 8 to 19 years, participated in NHANES
2011-18. After exclusions, 5694 participants were included in the analysis (Figure 1).

8289 8-19-year-olds who participated
in NHANES 2011-2018

182 did not participate in the oral
clinical examination

1261 did not participate in the body
composition assessment

6846 8-19-year-olds with data on
caries and adiposity

1152 excluded for missing data on
one or more covariates:

- Poverty income ratio (n=550)

- Total energy intake (n=493)

- Sugar intake (n=492)

- Parental education (n=258)

5694 participants with complete data
were included in the analysis

Figure 1. Flowchart describing the selection of NHANES participants for the present study.

Participants excluded because of missing values were older, from ethnic minority
groups and had less educated parents than those included in the analysis. Excluded
participants also had higher DMFT scores (Supplemental Table 1).

Differences by age, race/ethnicity, poverty income ratio and parental education for the
4 measures of dental caries used in this study are consistent to previously reported
studies. In addition, children and adolescents with higher intake of added sugars had
greater DT score, DMFT score, prevalence of untreated dentin caries and lifetime
caries prevalence than those with lower intake (Table 1). As for indicators of adiposity,
the BF% score, FMI score and prevalence of excess adiposity were higher among
Hispanic children and adolescents, those with less educated parents and those in
households with lower poverty income ratios. Girls and children and adolescents with
lower intake of added sugars had higher BF% and FMI scores. Finally, the BF% score
was higher among younger children whereas the FMI score was higher among older

adolescents (Table 2).



Table 1. Comparison of dental caries indicators among 8-19-year-olds by covariates (n = 5694).
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DT score DT>0 DMFT score DMFT>0
Mean (SD) n % Mean (SD) n %

Child sex
Boys 0.31 (1.09) 362 12.4 1.72 (2.75) 1236 42.7
Girls 0.27 (0.89) 341 12.0 1.93 (2.85) 1287 46.6
P value® 0.427 0.805 0.049 0.040

Child age
8-11 years 0.12 (0.52) 150 6.8 0.54 (1.22) 532 22.5
12-15 years 0.27 (0.93) 243 11.6 1.85 (2.58) 903 48.7
16-19 years 0.49 (1.30) 310 18.6 3.15 (3.40) 1088 63.6
P value for trend <0.001 <0.001 <0.001 <0.001

Child race/ethnicity
Non-Hispanic White  0.28 (0.71) 194 11.6 1.69 (2.01) 650 41.7
Non-Hispanic Black 0.34 (1.42) 201 15.0 1.94 (3.92) 606 46.4
Hispanic 0.33 (1.29) 228 13.1 212 (3.36) 887 51.9
Asian 0.16 (0.87) 45 8.2 1.53 (3.94) 231 38.2
Other 0.24 (1.05) 35 10.3 1.76 (2.98) 149 43.7
P value 0.022 0.027 0.008 0.002

Poverty income ratio
<1.00 0.41 (1.38) 271 16.0 2.26 (3.42) 928 52.6
1.00-1.99 0.38 (1.24) 231 15.3 2.23 (3.36) 751 50.4
2.00-2.99 0.34 (1.06) 106 15.3 1.72 (2.45) 356 46.9
>3 0.12 (0.45) 95 6.1 1.28 (2.05) 488 34.0
P value for trend <0.001 <0.001 <0.001 <0.001

Parental education
Below high school 0.49 (1.43) 224 19.3 2.68 (8.70) 737 59.4
High school 0.29 (1.04) 381 12.3 1.82 (2.77) 1379 45.0
Above high school 0.14 (0.51) 98 6.8 1.20 (2.05) 407 33.2
P value for trend <0.001 <0.001 <0.001 <0.001

Child intake of added sugars (g/day)
Q1 (0-0.40) 0.24 (0.78) 80 12.4 1.68 (2.76) 279 40.4
Q2 (0.40-0.84) 0.24 (0.86) 114 9.8 1.41 (2.39) 446 38.0
Q3 (0.85-1.58) 0.23 (0.87) 191 10.7 1.60 (2.67) 730 404
Q4 (1.59-145.2) 0.38 (1.21) 318 14.8 2.29 (3.07) 1068 53.2
P value for trend 0.020 0.099 <0.001 <0.001

Total energy intake (kcal/day)
Q1 (0-1420) 0.32 (0.98) 653 14.2 1.97 (2.85) 193 48.3
Q2 (1421-1911) 0.23 (0.87) 603 10.3 1.58 (2.70) 165 39.2
Q3 (1912-2544) 0.25 (0.80) 638 11.4 1.68 (2.56) 164 42.6
Q4 (2545-13687) 0.37 (1.29) 629 13.2 2.10 (3.07) 181 491
P value for trend 0.451 0.750 0.392 0.548

DT: number of decayed teeth: DMFT: number of decayed, missing and filled teeth; DT>0: prevalence
of untreated caries; DMFT>0: lifetime caries prevalence. Q1-Q4: quartile 1 to quartile 4.
@ Groups were compared using crude negative binomial regression models for the DT and DMFT scores
and crude binary logistic regression models for DT>0 and DMFT>0, respectively.
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Table 2. Comparison of indicators of adiposity among 8-19-year-olds by covariates (n = 5694).

BF% score BF%>p75" FMI score FMI>p75t"
Mean (SD) n % Mean (SD) n %

Child sex
Boys 26.37 (7.66) 853 28.7 6.13 (3.10) 952 32.1
Girls 33.64 (6.50) 805 27.8 7.96 (3.56) 893 30.3
P value® <0.001 0.587 <0.001 0.296

Child age
8-11 years 30.69 (7.23) 631 28.1 6.22 (2.87) 691 31.3
12-15 years 29.89 (8.00) 552 29.6 7.21 (3.42) 639 33.7
16-19 years 29.06 (8.27) 475 271 7.67 (3.75) 515 28.7
P value 0.001 0.654 <0.001 0.282

Child race/ethnicity
Non-Hispanic White 2946 (5.63) 468 25.7 6.75 (2.43) 498 27.6
Non-Hispanic Black 28.16 (11.59) 315 22.9 7.01 (5.41) 402 29.1
Hispanic 31.82 (9.09) 645 37.7 7.73 (4.03) 707 41.5
Asian 29.87 (10.40) 119 234 6.40 (3.78) 114 23.2
Other 30.20 (8.91) 111 30.7 7.12 (3.63) 124 35.1
P value <0.001 <0.001 <0.001 <0.001

Poverty income ratio
<1.00 30.82 (9.40) 571 33.0 7.55 (4.20) 632 36.1
1.00-1.99 30.19 (8.74) 530 32.8 7.20 (3.80) 586 34.9
2.00-2.99 29.90 (7.37) 217 251 7.01 (3.30) 257 31.0
>=3 29.04 (6.41) 340 234 6.53 (2.65) 370 255
P value for trend 0.001 <0.001 <0.001 <0.001

Parental education
Below high school 31.14 (8.75) 447 325 7.51 (3.86) 508 36.9
High school 30.04 (8.17) 955 30.5 7.23 (3.63) 1062 334
Above high school 28.69 (6.58) 256 20.7 6.23 (2.61) 275 22.6
P value for trend <0.001 <0.001 <0.001 <0.001

Child intake of added sugars
Q1 (0-0.40) 30.85 (8.38) 214 325 7.54 (3.80) 238 34.7
Q2 (0.40-0.84) 30.56 (7.28) 354 29.2 6.84 (3.00) 374 30.0
Q3 (0.85-1.58) 3042 (7.79) 517 29.7 7.16 (3.50) 581 33.2
Q4 (1.59-145.2) 28.77 (8.12) 573 25.3 6.84 (3.51) 652 29.2
P value for trend <0.001 0.054 0.048 0.221

Total energy intake (kcal/day)
Q1 (0-1420) 32.08 (7.89) 465 31.7 7.83 (3.78) 509 34.6
Q2 (1421-1911) 30.85 (7.72) 467 32.0 7.26 (3.58) 519 34.5
Q3 (1912-2544) 29.76 (7.55) 430 28.6 6.79 (3.19) 454 30.6
Q4 (2545-13687) 26.79 (7.66) 296 20.3 6.19 (3.02) 363 25.0
P value for trend <0.001 <0.001 <0.001 0.001

BF%: body fat percentage; FMI: Fat mass index; p75™": 75 percentile of the reference standards.
@ Unordered groups were compared using the Chi-square test whereas ordered groups were compared
using the Chi-square test for linear trends.
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Table 3 shows the association of each indicator of adiposity (BF% score, excess
adiposity defined as BF%>75" percentile, FMI score and excess adiposity defined as
FMI>75" percentile) with the DT and DMFT scores. Only the FMI score was associated
with the DMFT score in the crude model (Rate Ratio: 1.03, 95%CI: 1.01-1.05).
However, this association was attenuated after adjustment for confounders (RR: 0.99,
95% CI: 0.97-1.01). Similar results were found when modelling the prevalence of
untreated dentin caries and lifetime caries prevalence (Table 4). Only the FMI score
was associated with the lifetime caries prevalence in the crude model (Odds Ratio:
1.06, 95% CI: 1.03-1.08), but this association was attenuated after adjustment for
confounders (OR: 1.00, 95% CI: 0.98-1.03).

Table 3. Models for the association of indicators of adiposity with the number of decayed teeth (DT) and

number of decayed, missing and filled teeth (DMFT) among 8-19-year-olds (n = 5694).

Mean (SD) CRR [95% CI] ARR [95% CI]

Outcome: DT score
BF% score 0.99[0.97-1.01] 1.00 [0.98-1.01]
BF%>p75"

Normal weight 0.29 (1.01) 1.00 [Reference] 1.00 [Reference]

Excess adiposity 0.30 (0.98) 1.07 [0.80-1.39] 1.05[0.84-1.32]
FMI score 1.02 [0.98-1.06] 1.00 [0.97-1.03]
FMI%>p75%

Normal weight 0.28 (1.01) 1.00 [Reference] 1.00 [Reference]

Excess adiposity 0.30 (0.96) 1.07 [0.80-1.43] 1.05[0.83-1.34]
Outcome: DMFT score
BF% score 1.00 [0.99-1.00] 0.99 [0.98-1.00]
BF%>p75"

Normal weight 1.81 (2.79) 1.00 [Reference] 1.00 [Reference]

Excess adiposity 1.84 (2.81) 1.02 [0.87-1.18] 0.99 [0.85-1.15]
FMI score 1.03 [1.01-1.05]* 0.99 [0.97-1.01]
FMI%>p75%

Normal weight 1.83 (2.81) 1.00 [Reference] 1.00 [Reference]

Excess adiposity 1.80 (2.77)  0.99[0.84-1.15] 0.97 [0.82-1.14]

CRR: crude rate ratio; ARR: adjusted rate ratio.

@ Estimates correspond to rate ratios from negative binomial regression models. ARR estimates were
adjusted for child’s sex, age in years, race/ethnicity, intake of added sugars (quartiles) and total energy
intake (continuous) as well as parental education and poverty income ratio category.

* p<0.05
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Table 4. Models for the association of indicators of adiposity with the prevalence of untreated caries

(DT>0) and lifetime caries prevalence (DMFT>0) among 8-19-year-olds (n = 5694).

n

%

COR[95% Cl]

AOR [95% CI]

Outcome: Prevalence of DT>0

BF% score 1.00 [0.99-1.01] 1.00 [0.99-1.02]
BF% at 75" percentile
Normal weight 481 11.83 1.00 [Reference] 1.00 [Reference]
Excess adiposity 222 13.16 1.13 [0.90-1.41] 1.10 [0.87-1.39]
FMI score 1.03 [1.01-1.06] 1.00 [0.98-1.03]
FMI% at 75" percentile
Normal weight 458 11.72 1.00 [Reference] 1.00 [Reference]
Excess adiposity 245 13.27 1.15[0.95-1.39] 1.12 [0.91-1.36]
Outcome: DMFT>0
BF% score 1.00 [0.99-1.01] 1.00 [0.99-1.01]
BF%>p75"
Normal weight 1774 43.68 1.00 [Reference] 1.00 [Reference]
Excess adiposity 749 46.92 1.14 [0.96-1.36] 1.11 [0.91-1.36]
FMI score 1.06 [1.03-1.08]* 1.00 [0.98-1.03]
FMI>p751
Normal weight 1687 43.98 1.00 [Reference] 1.00 [Reference]
Excess adiposity 836 45.96 1.08 [0.92-1.27] 1.04 [0.86-1.27]

COR: crude odds ratio; AOR: adjusted odds ratio.

@ Estimates correspond to odds ratios from binary logistic regression models. AOR estimates were
adjusted for child’s sex, age in years, race/ethnicity, intake of added sugars (quartiles) and total energy
intake (continuous) as well as parental education and poverty income ratio category.

* p<0.05

DISCUSSION

This study found no evidence of an association between adiposity and dental caries in
permanent teeth among US children and adolescents. This finding was consistent
across the multiple indicators of adiposity and dental caries evaluated in this study.
Although the FMI score was associated with the DMFT score and the lifetime caries
prevalence, these associations were accounted for by the family’s socioeconomic
circumstances and the child’s demographic factors and consumption of added sugars.
Our findings on the association between the BF% and dental caries are consistent with
a previous study in Finnish children.?! Furthermore, we found an association between
adiposity and dental caries when using the FMI (albeit in crude models only) but not
the BF%. This could be because the BF% does not consider height or lean body
mass."” The use of compartment-specific indexes normalized to height, such as the
FMI and the fat-free mass index, have been proposed to address these issues. They
are considered more accurate and result in fewer misclassifications than either BMI or
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BF%.2” There are no widely accepted FMI and BF% cut-off values for undernutrition
and obesity in childhood and adolescence and this may be one reason why we found
no association between dental caries and excess adiposity defined as BF% or
FMI>75" percentile. This cut-off is not biologically determined, and more research is
required to identify thresholds that relate to health and disease in children and
adolescents.

The present findings challenge a couple of recent systematic reviews concluding that
there is an association between obesity and dental caries in permanent teeth.®” This
seemingly contradicting findings could be explained by the misclassification of
childhood adiposity that occurs when using the BMI compared to the DXA. Although
the BMI can identify correctly excess adiposity in most US children and adolescents
with severe obesity (>1.20 times the 95" percentile), a large disagreement was
observed in those with overweight and obesity.®? In the current study though, the
adjusted associations were small in magnitude (i.e., very close to the null value of 1).
This was especially true when using the continuous forms of the BF% and FMI.

The strengths of this study are the large sample of children and adolescents, the use
of DXA scans to determine body composition, the multiple indicators of both adiposity
and dental caries and the adjustment for relevant sources of confounding. However,
some limitations of this study should be considered when interpreting the findings.
First, we analyzed cross-sectional data and cannot make any causal claims. Second,
we excluded some participants from our analysis because of missing data on adiposity,
dental caries or confounders. Although there were some differences between
participants included and excluded from the analysis, these were minor and unlikely to
affect the generalizability of the present findings to the study population. Third, our
findings are restricted to the US context and children and adolescents aged 8 to 19
years. Whether the same set of associations is found in alternative settings, particularly
in low-and-middle-income countries, and among younger children remains unclear.
Due to the onset of obesity and dental caries at earlier ages, our findings await
confirmation from new studies in younger children, including those with primary teeth
only (preschoolers). Finally, some important determinants of adiposity, such as
physical activity and sexual maturation, were not included in this analysis. However,
these factors are not causally associated with dental caries, and therefore, they cannot
be considered as confounders of the association between adiposity and dental caries.
Our estimates were adjusted for common causes of both conditions.
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Given our study found no association between adiposity and dental caries in
permanent teeth among US children and adolescents and adds to the growing body of
conflicting information on this topic, more research is needed. As a summary, we echo
recent recommendations for (i) prospective studies to clarify the temporal ordering
between obesity and caries, (ii) conducted in alternative settings to generalize findings
across the different stages of the epidemiologic and nutrition transitions, and (iii)
including multiple assessments of adiposity and dental caries as well as a
comprehensive assessment for established confounders.'®'? The current study
highlights the merit of extending research efforts beyond assessment of the obesity-
dental caries association and focusing on both conditions as co-related health

concerns with shared determinants.
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5 DISCUSSAO

A obesidade e a carie dentaria sdo questbes de crescente preocupagao no
ambito da saude publica. Embora ambas condigbes sejam potencialmente evitaveis,
elas representam dois dos problemas mais comuns entre a populagéo infantil hoje em
dia (1-3). O forte impacto negativo que estas causam na saude fisica e emocional da
crianga, além do fato de terem efeitos ao longo da vida, torna importante que sejam
combatidas em um estagio inicial e, idealmente, impedidas de se instalarem (4). No
entanto, para que se possa desenvolver estratégias ou programas de intervengao
efetivos, & importante observar as duas condi¢ées sob uma perspectiva conjunta, na
tentativa de identificar se e quais fatores tendem a atuar sinergicamente influenciando

tanto o desenvolvimento da carie quanto da obesidade.

Este doutorado, dividido em trés partes, investigou a possivel associagdo entre
as duas condi¢des na infancia e adolescéncia, além de alguns determinantes que
parecem influenciar a ocorréncia de ambas. As analises utilizadas nesta tese podem
servir de modelo para estudos prospectivos que examinem a associag¢ao entre carie
e obesidade na infancia e adolescéncia em nivel regional, nacional e internacional.
Adicionalmente, espera-se que os resultados deste estudo reforcem o papel da
universidade como geradora de conhecimento que, colaborando para minimizar as

desigualdades em saude em regides de baixa renda.

Abaixo, é apresentado um resumo dos resultados das trés partes deste
doutorado, juntamente com analises criticas e implicagbes que estes tém para a
pratica. Recomendacdes e conclusdes baseadas nos achados e na literatura atual

também sao apresentados.
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5.1 DISCUSSAO GERAL

5.1.1 Relagéao entre obesidade e carie dentaria

O principal objetivo deste trabalho de doutorado foi explorar a associagao entre
obesidade na infancia/adolescéncia e carie dentaria. A analise dos dados do estudo
conduzido em duas localidades carentes do Distrito Federal mostrou que apenas a
categoria de obesidade do escore Z do IMC foi associada a prevaléncia de carie ndo
tratada e nenhum dos outros indicadores usados, incluindo a prevaléncia e a
gravidade da carie dentaria, foi associado ao escore Z do IMC das criangas em
modelos brutos ou ajustados. Em relagdo aos dados NHANES de criangas de 2 a 5
anos, em modelos brutos, a obesidade foi associada a valores mais elevados de carie
dentaria ndo tratada ao se aplicar os padrdes da IOTF, mas nao os da OMS e do CDC;
a obesidade foi associada a experiéncia de carie mais elevada ao usar os padrdes da
OMS, CDC e IOTF; a obesidade foi associada a prevaléncia de carie ao longo da vida
ao usar os padroes da OMS, CDC e IOTF, mas ndao com a prevaléncia de carie nao
tratada. Porém, essas associag¢des foram totalmente atenuadas apds o controle dos
fatores de confusdo investigados: demograficos, nivel socioeconémico familiar e
ingestao de agucares adicionados. Em criangas e adolescentes de 8 a 19 anos, o IMG
foi associado ao valor do CPOD e a prevaléncia de carie ao longo da vida, mas as
associagdes foram atenuadas apds o ajuste para fatores de confusdo. Nem o escore
do percentual de gordura (%G) nem a presenga de excesso de adiposidade, definido
de acordo com os padrdes de referéncia do %G ou do IMG, foram associados a carie
dentaria. Revisdes sistematicas também mostraram que quando o IMC é usado para
definir obesidade, a associacao identificada entre obesidade e carie ndo é consistente
(5-7). Nossos achados concordam com outros estudos (8-10) que também mostraram
gue a obesidade medida pelo IMC nao estava associada a carie dentaria.

Uma possivel explicagcado para essas observagdes pode ser o fato de que, em
alguns estudos, as variaveis de confusdo n&o foram consideradas nas analises, como
destacado por algumas revisGes sistematicas (5, 6, 11). Muitos estudos que

investigaram a associagao entre ambas condigdes falharam em considerar potenciais
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fatores que estdo relacionados ou afetam ambas as condigbes como por exemplo,
nivel socioeconémico, dieta e habitos de saude bucal (5, 6, 11). Além disso, ha de se
considerar o fato de que a duracido que os participantes sofrem de excesso de peso
pode afetar a relagao entre carie e obesidade (5) e, portanto, estudos longitudinais
sdo mais adequados para examinar a associacdao entre as duas condigdes.
Resultados conflitantes também podem ser explicados, em parte, por fatores que
incluem, entre outros: diferenga na idade dos participantes, metodologia de medigéo
tanto da carie quanto da obesidade, sensibilidade dos exames, metodologia de
amostragem, cenario do estudo, populagdo estudada e prevaléncia subjacente das
duas condic¢des (5, 6, 12-14).

Tem sido sugerido que a carie dentaria pode estar relacionada a obesidade
central (acumulo de gordura na regido abdominal, indicada pela espessura da dobra
cuténea), e ndo a obesidade geral (determinada pelo IMC). Em um estudo conduzido
em Hong Kong com criangas de 12 anos, por exemplo, apenas a obesidade central e
periférica (acumulo de gordura nas coxas, quadril e nadegas) foram relacionadas a
experiéncia de carie na infancia (10). No entanto, em outro estudo com criangas de
cinco anos, a carie dentaria se relacionou com a geral (Qquando determinada pela
relagao peso/altura) e central, mas ndo com a obesidade medida pela dobra cutanea
do triceps (9). Esses achados sugerem que a medida utilizada para definir obesidade
pode afetar a associacao entre esta e a carie dentaria. Os resultados do nosso estudo
suportam tal hipétese, bem como o papel que a definicdo de obesidade e carie exerce

nessa relacao.

Considerando o que foi mencionado acima, bem como os resultados
conflitantes de revisdes sistematicas (5-7, 14-19), é possivel especular que as duas
condi¢cbes podem ndo estar diretamente relacionadas, mas simplesmente coexistam,
compartilhando fatores etiolégicos comuns. A carie dentaria é uma doenca
multifatorial, modulada pela higiene bucal, composicéo e frequéncia da dieta, status
socioecondmico, imunoglobulinas salivares, carga bacteriana e ingestdo de fluor,
entre outros fatores (20-26). A obesidade, por sua vez, € uma doenga na qual a
ingestdo de energia da dieta excede as necessidades energéticas do corpo,
resultando em excesso de gordura corporal. Mudangas ambientais e estilo de vida
que promovem aumento da ingestdo de energia e diminuigdo da produgao de energia

tém um impacto generalizado nas criangas, resultando nos recentes aumentos na
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prevaléncia de sobrepeso e obesidade observados na populagéo infantil (27). Como
a dieta tem um papel muito significativo na etiologia da carie dentaria, este é,
claramente, um fator de risco para ambas as condi¢des. Por exemplo, foi demonstrado
que criangas que consumiam mais refrigerantes em relagao ao leite e suco 100% de
frutas corriam maior risco de desenvolver lesbes cariosas durante a fase de
crescimento (28). Nesse contexto, € extremamente importante que mais pesquisas
que investiguem as relagdes entre carie dentaria e diferentes tipos de obesidade ao
longo da vida sejam conduzidas. Novamente, estudos longitudinais das duas

condicdes seriam particularmente informativos.

5.1.2 Implicagdes para a pratica

Foi possivel observar que os achados desta tese variaram conforme a definicdo
tanto de obesidade quanto de carie dentaria. Por exemplo, uma associagao entre
ambas condi¢des foi encontrada quando a obesidade foi definida usando os padrdes
da IOTF, mas nao usando os limites do CDC ou da OMS, e quando a carie dentaria
foi definida usando indicadores cumulativos, mas n&o indicadores de doenca atual
nao tratada. Em relacéo a definicdo de obesidade, a maior prevaléncia foi encontrada
com os padrboes do CDC, que foram elaborados especificamente para criangas
americanas, seguidos pelos padrdes da OMS e IOTF. Resultados similares ja foram
reportados na literatura (29, 30). Este € um dado relevante, uma vez que achados de
uma revisao sistematica revelaram que os padrdoes da IOTF resultam numa menor
prevaléncia de obesidade (31). Isso pode explicar, ao menos em parte, a razao pela
qual uma outra revisdo mostrar que obesidade e carie dentaria foram associadas ao
usar os padrées do CDC, mas nao ao usar os padroes da OMS (12). Do ponto de vista
pratico, € importante considerar que a escolha dos padrées para definir obesidade
pode influenciar a deciséo clinica de oferecer aconselhamento ou tratamento (31).
Trabalhos recentes abriram caminho para estimativas harmonizadas baseadas em
diferentes padrdes (32) e podem ajudar a combinar estimativas de diferentes estudos
em revisoes sistematicas da associagado de obesidade com carie dentaria.
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Quanto a carie dentaria, os achados foram mais consistentes ao observar os
indicadores de carie ao longo da vida, como o CPOD ou a prevaléncia de experiéncia
de carie, do que os indicadores da doenca atual. Isso complica a interpretacdo dos
achados transversais, pois a les&o cariosa pode ter surgido antes do desenvolvimento
da obesidade. Além disso, se a carie é definida quantitativamente (nimero de dentes
afetados) ou como prevaléncia (% de criangas afetadas), introduz heterogeneidade
nos achados e dificulta a comparacgao entre os estudos. Pesquisadores devem estar
atentos a esse ponto ao comparar resultados de diferentes estudos ou ao reunir

estimativas para realizar uma meta-analise.

A auséncia de uma associagao clara entre obesidade e carie pode ser
entendida como indicacdo de que cada condicdo deve ser alvo de diferentes
programas preventivos. Isso também foi sugerido depois de um estudo mostrar que
ser portador de carie nao era um preditor de excesso de peso ou vice-versa, em
criangas de cinco a oito anos de idade que frequentavam uma clinica odontologica de
referéncia (8). Os autores afirmaram que, com base apenas em seus resultados,
pode-se argumentar que a intervengao odontologica ndo pode desempenhar um papel
na prevengao da obesidade.

Nossos achados indicam que, embora as duas condi¢gdes possam nao estar
diretamente relacionadas, elas compartilham determinantes comuns. Por exemplo,
apesar da auséncia de associacado entre obesidade e carie em criangas, o presente
trabalho indicou que as duas condi¢cdes sao impactadas por determinantes comuns,
como nivel socioeconémico familiar e ingestdo de agucares adicionados. Resultados
semelhantes ja foram reportados na literatura (33). Isso nos sugere que ainda pode
haver outros determinantes ambientais comuns que afetam comportamentos
individuais que podem impactar em ambas as condi¢des, tais como, estado de
privagdo, consumo de alcool da mae, idade da mae ao nascimento da crianga,
amamentacao da crianga, bem-estar psicolégico dos pais, estilo de alimentagao do
cuidador, etnia, pratica de atividade fisica pela crianca, sexo da crianga, horas diarias
de TV durante a semana da crianga, bem-estar emocional e comportamental da
crianga, horas de sono crianga por dia (34).

Levando em consideracdo as evidéncias da literatura que mostram que as
intervengdes voltadas apenas para comportamentos e estilos de vida individuais sédo

ineficazes na melhoria das condi¢des de saude (23, 35), parece que mesmo que as
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duas condi¢gdes ndo estejam diretamente relacionadas, visar seus determinantes
comuns provavelmente seria uma maneira mais eficaz de reduzir a prevaléncia e a
gravidade das duas condi¢cdes. Acredita-se que fazer isso por meio de uma
abordagem multidisciplinar e combinada também pode ter um impacto positivo em

outras condigdes cronicas (36).

O principio fundamental na abordagem do fator de risco comum ¢é que, ao visar
alguns fatores de risco, um efeito benéfico sobre uma série de doengas pode ser
alcangado com maior eficiéncia e eficacia e com menor custo (35). Embora os
beneficios de tal abordagem possam nao ser notados até mais tarde na vida, quanto
mais cedo os fatores de risco forem controlados, melhores serdo os resultados.
Especula-se que tal abordagem permitiria que os formuladores de politicas publicas
transmitissem mensagens consistentes ao publico em geral e melhoraria a eficiéncia
e a implicacdo de custo das intervengdes para reduzir ambas as condi¢gdes. Por fim,
como essa abordagem visa os determinantes mais amplos de saude e melhorar a
saude da populacdo em geral, em especial daqueles em maior risco, € bastante
provavel que também reduza as desigualdades de saude predominantes (23, 35). A
importancia de focar em fatores externos que influenciam o meio ambiente e as
condi¢oes de vida (por exemplo, politicas de educagao, agucar, etc.) ndo deve ser
negligenciada.

5.2 RECOMENDAGOES

5.2.1 Trabalho colaborativo

A primeira parte do presente projeto foi um trabalho colaborativo entre as
Secretarias de Educacgao e Saude do Distrito Federal e a Universidade de Brasilia-
UnB (Brasil). A contribuicdo de cada instituigdo foi fundamental para o
desenvolvimento e implementacdo do projeto. Por exemplo, a Secretaria de Saude
nos forneceu os kits de higiene bucal que foram doados as criangas participantes do

projeto e também apoiou a realizagdo de exames laboratoriais que ndo foram tema
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desta tese. A Secretaria de Educacédo tinha grande compreenséo das barreiras e
facilitadores para acessar as escolas locais e nos forneceu informagdes valiosas sobre

as escolas, bem como dados geograficos e outros dados necessarios.

Acredita-se que uma questdo fundamental para a implementacdo bem-
sucedida da pesquisa escolar seja a abordagem inicial as escolas e seu envolvimento
posteriormente. Acredita-se que o fato de os diretores das escolas terem enviado uma
carta convite/folha de informacgdes do estudo aos pais e/ou responsaveis melhorou

substancialmente a taxa de resposta nas escolas.

Recomendacdo 1: Deve ser apoiado o trabalho colaborativo entre as
universidades e as Secretarias de Educacéo e Saude locais.

Recomendacao 2: Um memorando de acordo entre as partes interessadas e a
comunidade que estado envolvidas pode aumentar os esforgos da comunidade para
reduzir a carga das duas condigoes.

A segunda e terceira parte deste estudo foi uma analise de dados secundarios
do NHANES, que é um programa de estudos realizado pelo CDC. A analise dos
referidos dados foi feita em colaboragdo com a King’'s College London onde houve
treinamento pratico sobre gerenciamento de dados e analise estatistica, conforme
necessario, durante o periodo de doutorado sanduiche nesta instituicdo de ensino
superior no exterior (Reino Unido).

Recomendacéao 3: Deve ser apoiado o trabalho colaborativo que promova a

Internacionalizagao da Ciéncia.

5.2.2 Relagoes entre os académicos e as escolas

Um bom relacionamento entre a universidade e as escolas foi importante na
comunicagdo com as mesmas. Essas relagdes foram construidas ao longo dos anos
anteriores por meio de diferentes projetos conduzidos pela Universidade de Brasilia
em outras escolas publicas do DF. Além disso, ao discutir o possivel envolvimento da
escola, ficou evidente que quanto menor a carga de trabalho que a pesquisa
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representasse para o pessoal administrativo e professores, mais provavel seria uma

resposta positiva.

Recomendacao 4: Promover boas relagdes entre académicos e escolas da
comunidade, por meio de diferentes iniciativas, pode melhorar o acesso a potenciais

cenarios de investigagao, melhorando os niveis de envolvimento na investigacao.

5.2.3 Determinantes mais amplos e comuns de obesidade e carie

A obesidade e a carie sdo mais comumente analisadas sob uma perspectiva
comportamental, com muitos dos estudos examinando como as caracteristicas
demogréficas, habitos alimentares e de saude bucal afetam a prevaléncia e/ou
gravidade e a relagéo entre as duas condi¢gdes. No entanto, varios fatores ambientais
e sociais podem contribuir para a obesidade e a carie, ja que os comportamentos de
estilo de vida sdo mais frequentemente o resultado do ambiente social e cultural do
que uma simples caracteristica do individuo (34, 37).

Recomendacdo 5: S&o necessarias pesquisas sobre os potenciais
determinantes estruturais e sociais da obesidade e da carie e como eles podem

interagir para produzir os padrdes encontrados atualmente.

Pode-se argumentar que estabelecer a diregdo de qualquer tipo de associagéo
entre obesidade e carie é importante, pois isso permitiria a identificacédo do padrao de
comportamento causal comum, o que, por sua vez, poderia potencialmente permitir a
identificacdo de intervengdes preventivas apropriadas. No entanto, embora as duas
condigbes possam nao estar diretamente relacionadas, elas parecem compartilhar

determinantes semelhantes.

Recomendacdo 6: Mais estudos explorando os determinantes comuns de
obesidade e carie podem auxiliar esforgos futuros para abordar as duas condigdes.
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5.2.4 Caracteristicas parentais

Um elemento essencial a ser considerado em estudos de avaliagdo de
necessidades e/ou programas de intervengao voltados para obesidade e carie séo as
caracteristicas e antecedentes dos pais/responsaveis. Isso ocorre porque a familia
pode influenciar muito o comportamento de saude e a saude geral das criangas (34).
Além disso, os pais podem afetar significativamente a atitude das criangas em relagéo
a comportamentos saudaveis, bem como seus habitos alimentares e de saude bucal
em uma idade muito jovem (34). Além disso, como a disponibilidade de alimentos em
casa € determinada pelas decisdes dos pais, € importante entender os precursores
da tomada de decisdo dos pais. Entretanto, faz-se necessario descobrir maneiras de
envolver a familia nesse processo, uma vez que, a0 menos para a populacao
investigada, a ida dos pais a escola para conversar com a equipe de pesquisadores

nao se mostrou prioridade.

Recomendagao 7: Os programas de prevengao e/ou intervencao voltados para o
comportamento de saude e saude bucal de criangas devem incluir também os pais

das criangas.

5.3 CONTRIBUICAO

5.3.1 Dados do Distrito Federal

Por meio do projeto desenvolvido em duas localidades do DF, pdde-se melhor
compreender a saude da populacdo no contexto local. Porém, considerando que
condigbes semelhantes a encontrada na Estrutural e no Sol Nascente sao recorrentes
no Brasil, é possivel que os dados sejam generalizados para outras populagdes. Além
disso, as intervengdes para manejo dos problemas levantados podem ser
implementadas de acordo com a configuragcdo dos provedores de servigos locais.
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Neste sentido, € parte das tarefas da equipe de investigadores elaborar um relatério

sobre as condi¢des de saude encontradas, a ser encaminhado as autoridades locais.

5.3.2 Dados NHANES

Para esta parte do estudo, no qual utilizamos analises de dados secundarios,
destacamos o mérito de estender os esfor¢cos de pesquisa além da avaliagdo da
associacao entre obesidade e carie dentaria e focar em ambos como problemas de

saude correlacionados com determinantes compartilhados.

5.5 LIMITACOES

Ambos os estudos (DF e NHANES) empregaram um desenho transversal e,
como resultado, foram limitados em seu poder de fazer inferéncias sobre qualquer
relagao causal entre carie e obesidade. No entanto, o presente trabalho n&o teve como
objetivo inferir causalidade, mas sim explorar a natureza da associagéo entre as duas

condicoes.

Outra limitagao foi o uso de indicadores indiretos de obesidade em duas partes
do estudo. Embora o IMC seja uma medida simples e a mais recomendada para medir
0 peso em criangas, as desvantagens associadas aos métodos antropométricos (e
analisadas em detalhes no capitulo de revisdo da literatura) ndo podem ser
negligenciadas. No entanto, é dificil empregar métodos mais precisos de avaliagao da
composic¢ao corporal em estudos epidemiolégicos com grandes amostras devido ao
seu custo e dificuldades de transporte.

Em comparagdo com as evidéncias existentes baseadas principalmente na
avaliacdo da obesidade usando o indice de massa corporal, a terceira parte deste
estudo avaliou a adiposidade como percentual de gordura corporal e o indice de
massa gorda como medidas potencialmente melhores para determinar se existe uma

relagdo entre obesidade e carie dentaria. Os dados do NHANES forneceram uma

)
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grande amostra de dados e sao um ponto forte do estudo. No entanto, as limitagbes
incluem a exclusdo de alguns participantes de nossa analise por causa da falta de
dados sobre adiposidade, carie dentaria ou fatores de confusdo. Embora houvesse
algumas diferengas entre os participantes incluidos e excluidos da analise, elas eram
pequenas e provavelmente ndo afetariam a generalizagdo dos presentes achados
para a populacdo do estudo. Em segundo lugar, nossas descobertas s&o restritas ao
contexto dos EUA e jovens de 8 a 19 anos. Ainda ndo esta claro se o mesmo conjunto
de associagdes € encontrado em ambientes alternativos, particularmente em paises
de baixa e média renda, e entre criangas mais novas. A Absorciometria de Raios-X de
Dupla Energia de corpo inteiro foi administrada a participantes elegiveis da pesquisa
com 8 ou mais anos de idade. Devido o surgimento de obesidade e carie dentaria em
idades mais precoces, nossos achados aguardam confirmagao de novos estudos em

criangas mais novas, incluindo aquelas com apenas dentes deciduos.

O estudo atual destaca o mérito de estender os esforgos de pesquisa além da
avaliacdo da associagao entre obesidade e carie dentaria e focar em ambos como

preocupacdes de saude correlatas com determinantes compartilhados.

5.6 CONCLUSOES

A prevaléncia e a gravidade da carie dentaria e a prevaléncia de obesidade em
escolares de baixa renda do Distrito Federal, foram semelhantes a prevaléncia de
dados reportados anteriormente.

A distribuicao de frequéncia de obesidade (conforme definido por trés padroes
internacionais) e carie dentaria em criangas e adolescentes americanos variou de
acordo com a definicdo de obesidade e carie dentaria utilizada.

Arelagao entre obesidade e carie em criangas e adolescentes variou de acordo
com as medidas de adiposidade adotadas, bem como na definicdo de obesidade e
carie dentaria. Além disso, as associa¢des foram atenuadas apds ajuste para os
fatores de confuséao.

S&0 necessarios novos metodos e novas abordagens para se avaliar a relagéao

'obesidade-carie dentaria'. Estudos longitudinais bem desenhados usando meios de
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anadlise mais precisos e pontos de corte padronizados podem fornecer dados
importantes na constru¢gdo do conhecimento sobre o assunto.

O estudo atual demonstrou ser importante ndo s6 avaliar a associacao
obesidade-carie dentaria, como também focar em ambas as condigbes como

problemas de saude correlatos com determinantes compartilhados.
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APENDICES E ANEXOS

Apéndice 1 Termo de Consentimento Livre e Esclarecido (escola da Estrutural)

Termo de Consentimento Livre e Esclarecido — TCLE
(Pais ou Responsaveis)

O (a) seu filho (a) esta sendo convidado (a) a participar do projeto Aplicabilidade de um
programa em saude e educacdo de escolares do DF, sob a responsabilidade do
pesquisador Mauricio Bartelle Basso. O objetivo deste projeto € implementar e avaliar a
aplicabilidade de um programa em saude e educacdo em escolares de 6 a 10 anos de
idade matriculados nas escolas publica do DF.

O (a) senhor (a) recebera todos os esclarecimentos necessarios antes e no decorrer da
pesquisa e lhe asseguramos que o seu nome e o nome de seu filho(a) ndo sera divulgado,
sendo mantido o mais rigoroso sigilo através da omissao total de quaisquer informacdes
que permitam identifica-lo(a).

Um dos pais, como responsavel legal pela crianga, respondera a um questionario sobre a
sua situagéo econdmica e outro sobre a saude geral e habitos relacionados a saude do seu
filho(a). Isso é importante para que possamos entender como as condigbes de vida e os
habitos relacionados a saude podem contribuir para a melhora da salide do seu(a) filho(a).

O seu filho(a) participara de um programa de monitoramento de doengas e promoc¢ao de
saude na escola. Médicos especialistas no atendimento a criangas fardo um exame de
vista, audiometria e paladar, e dentistas especialistas no atendimento a criancas
examinarao a boca do seu(a) filho(a) na escola. Seu filho(a) sera pesado e medido e a sua
aptidao fisica sera avaliada. Também sera fornecido um recipiente para coleta de fezes em
casa, que devera ser retornado a escola e sera encaminhado para exame laboratorial pela
equipe de pesquisadores. Seu filho sera encaminhado para tratamento na UBS 1 da Cidade
Estrutural, com indicativo de tratamento pela sua equipe de saude da familia, caso ele(a)
necessite receber alguma vacina ou tratamento médico. O tratamento odontolégico sera
realizado na proépria escola. Além disso, seu filho(a) recebera uma escova de dente e pasta
de dente que ficardo guardados na escola para que ele(a) escove os dentes todos os dias
depois do lanche.

O seu filho(a) participara nas seguintes atividades educacionais e de promogao de saude:
“ensino em cuidados de saude geral” “ensino em habilidades para a vida”; “praticas basicas
de higiene”; “deslocamento diario ativo supervisionado de um ponto de encontro para a

", «

escola e da escola até o ponto de encontro”; “pausa para atividade fisica em sala de aula”;
“‘jardinagem”; “treinamento e participagdo em torneios esportivos no final de semana”. Além
destas atividades vocé e seu(a) filho(a) serédo convidados a participar em “palestras
vespertinas”; “jogos de perguntas e respostas vespertino” e “jogo do detetive da saude”.
Sua familia recebera a doagéo de alimentos saudaveis com a finalidade de promover uma

dieta saudavel.

Os riscos decorrentes da participagao do seu filho(a) na pesquisa estéo relacionados aos
riscos comuns de um tratamento de rotina de saude. O (a) Senhor (a) e/ou seu filho(a)
podem se recusar a participar de qualquer atividade, em qualquer momento, sem nenhum
prejuizo para o (a) senhor (a) ou seu(a) filho(a). Além disso, existe o risco de vocé se sentir



constrangido durante as entrevistas ao responder os questionarios utilizados nesta
pesquisa. Para que vocé se sinta a vontade, as entrevistas serdo realizadas em ambiente
privado (sem a presencga de qualquer outra pessoa); vocé nao sera obrigado a responder a
todas as perguntas; e os dados coletados serdo destruidos caso vocé desista, a qualquer
momento, de participar da pesquisa. Os participantes da pesquisa que vierem a sofrer
qualquer tipo de dano resultante de sua participacdo na pesquisa tém direito a indenizagao,
por parte do pesquisador. Os resultados desta pesquisa serdo divulgados pela equipe de
pesquisadores e um relatério de saude desta populagéo sera apresentado a Secretaria de
Saude do DF, podendo ser publicados posteriormente, mas a sua identidade e a do seu
filho(a) sera mantida em sigilo. Os dados e materiais utilizados na pesquisa ficardo sobre a
guarda de um unico pesquisador.

Se vocé aceitar que seu filho(a) participe, contribuira para que os gestores de saude
valorizem e implementem programas de saude na escola, que acreditamos ser a melhor
forma de diminuir a quantidade de criangcas doentes vivendo na sua localidade. Nao ha
despesas pessoais para o participante em qualquer fase do estudo, incluindo os
tratamentos de saude. Também ndo ha compensacéo financeira relacionada a participagéo
neste estudo, que sera voluntaria. Se existir qualquer despesa adicional relacionada
diretamente a pesquisa, a mesma sera absorvida pelo orgamento da pesquisa.

Se o (a) Senhor (a) tiver qualquer duvida em relagéo a pesquisa, por favor, telefone para:
Mauricio Bartelle Basso (99951-1252) entre as 8:00 horas e 18:00 horas, disponivel
inclusive para ligagéo a cobrar. O contato também podera ser realizado pelo e-mail
mauriodt@hotmail.com.

Este projeto foi aprovado pelo Comité de Etica em Pesquisa da FEPECS-SES/DF. O CEP é
composto por profissionais de diferentes areas cuja fungao é defender os interesses dos
participantes da pesquisa em sua integridade e dignidade e contribuir no desenvolvimento
da pesquisa dentro de padrdes éticos. As duvidas com relagéo a assinatura do TCLE ou os
direitos do participante da pesquisa podem ser sanadas através do telefone: (61) 2017-2132
ramal 6878 ou e-mail: comitedeetica.secretaria@gmail.com.

Caso concorde em participar, pedimos que assine este documento que foi elaborado em
duas vias, uma ficara com o pesquisador responsavel e a outra com o Senhor (a).

Mauricio Bartelle Basso (pesquisador responsavel pelo projeto)

Brasilia, / /
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Apéndice 2 Termo de Consentimento Livre e Esclarecido (escola do Sol Nascente)

Termo de Consentimento Livre e Esclarecido — TCLE
(Pais ou Responsaveis)

O (a) seu filho (a) esta sendo convidado (a) a participar do projeto Aplicabilidade de
um programa em saude e educacgao de escolares do DF, sob a responsabilidade do
pesquisador Mauricio Bartelle Basso. O objetivo deste projeto € implementar e avaliar a
aplicabilidade de um programa em saude e educagéo em escolares de 6 a 10 anos de
idade matriculados nas escolas publica do DF.

O (a) senhor (a) recebera todos os esclarecimentos necessarios antes e no decorrer da
pesquisa e lhe asseguramos que o seu nhome e nome de seu filho(a) ndo sera divulgado,
sendo mantido o mais rigoroso sigilo através da omissao total de quaisquer informagdes
que permitam identifica-lo(a).

Um dos pais, como responsavel legal pela crianga, respondera a um questionario sobre
a sua situagcado econémica e outro sobre a saude geral e habitos relacionados a saude
do seu filho(a). Isso é importante para que possamos entender como as condigbes de
vida e os habitos relacionados a saude podem contribuir para a melhora da saude do
seu(a) filho(a).

O seu filho(a) participara de um programa de monitoramento de doengas e promogao
de saude na escola. Médicos especialistas no atendimento a criangas fardo um exame
de vista, audiometria e paladar, e dentistas especialistas no atendimento a criangas
examinarédo a boca do seu(a) filho(a) na escola. Seu filho(a) também sera pesado e
medido e a sua aptidao fisica sera avaliada. Também sera fornecido um recipiente para
coleta de fezes em casa, que devera ser retornado a escola e sera encaminhado para
exame laboratorial pela equipe de pesquisadores. Seu filho sera encaminhado para
tratamento na UBS 12 da Ceilandia, com indicativo de tratamento pela sua equipe de
saude da familia, caso ele(a) necessite de alguma vacina ou tratamento médico-
odontolégico. Seu(a) filho(a) recebera o tratamento na unidade de saude publica
responsavel pela area onde a escola do seu filho esta localizada.

Os riscos decorrentes da participagdo do seu filho(a) na pesquisa estao relacionados
aos riscos comuns de um tratamento de rotina de saude. O (a) Senhor (a) e/ou seu
filho(a) podem se recusar a participar de qualquer atividade, em qualquer momento, sem
nenhum prejuizo para o (a) senhor (a) ou seu(a) filho(a). Além disso, existe o risco de
vocé se sentir constrangido durante as entrevistas ao responder os questionarios
utilizados nesta pesquisa. Para que vocé se sinta a vontade, as entrevistas serao
realizadas em ambiente privado (sem a presencga de qualquer outra pessoa); vocé nao
sera obrigado a responder a todas as perguntas; e os dados coletados serao destruidos
caso vocé desista, a qualquer momento, de participar da pesquisa. Os participantes da
pesquisa que vierem a sofrer qualquer tipo de dano resultante de sua participagédo na
pesquisa tém direito a indenizacdo, por parte do pesquisador. Os resultados desta
pesquisa serao divulgados pela equipe de pesquisadores e um relatério de saude desta
populagédo sera apresentado a Secretaria de Saude do DF, podendo ser publicados
posteriormente, mas a sua identidade e a do seu filho(a) sera mantida em sigilo. Os
dados e materiais utilizados na pesquisa ficardo sobre a guarda de um Unico
pesquisador.



Se vocé aceitar que seu filho(a) participe, contribuira para que os gestores de saude
valorizem e implementem programas de saude na escola, que acreditamos ser a melhor
forma de diminuir a quantidade de criancas doentes vivendo na sua localidade. Nao ha
despesas pessoais para o participante em qualquer fase do estudo, incluindo os
tratamentos de saude. Também nao ha compensagédo financeira relacionada a
participagdo neste estudo, que sera voluntaria. Se existir qualquer despesa adicional
relacionada diretamente a pesquisa, a mesma sera absorvida pelo orgamento da
pesquisa.

Se o (a) Senhor (a) tiver qualquer duvida em relacdo a pesquisa, por favor, telefone
para: Mauricio Bartelle Basso (99951-1252) entre as 8:00 horas e 18:00 horas,
disponivel inclusive para ligagao a cobrar. O contato também podera ser realizado pelo
e-mail mauriodt@hotmail.com.

Este projeto foi aprovado pelo Comité de Etica em Pesquisa da FEPECS-SES/DF. O
CEP é composto por profissionais de diferentes areas cuja fungdo é defender os
interesses dos participantes da pesquisa em sua integridade e dignidade e contribuir no
desenvolvimento da pesquisa dentro de padrdes éticos. As duvidas com relagdo a
assinatura do TCLE ou os direitos do participante da pesquisa podem ser sanadas
através do telefone: (61) 2017-2132 ramal 6878 ou e-mail:
comitedeetica.secretaria@gmail.com.

Caso concorde em participar, pedimos que assine este documento que foi elaborado
em duas vias, uma ficara com o pesquisador responsavel e a outra com o Senhor (a).

Mauricio Bartelle Basso (pesquisador responsavel pelo projeto)

Brasilia, / /
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Apéndice 3 Termo de Assentimento Livre e Esclarecido

TERMO DE ASSENTIMENTO (Criangas)

ey T S : - Ny
0, amiguinhos! Vamos fazer uma pesquisa sobre o = Vamos olhar os seus dentes, cuidar deles e te ensinar a escové-los. . -
( tratamento da cérie em criangas da sua ) Eles ficardo lindos, sem buraquinho da cérie. Tudo isso na sua escola. 3 =3
“~_ idade. Seus paisjé permitiram que vocé participasse. Que legal!!!

—  Vocéquerparticipar?

il Mas como &, doutor? ",
—l o 6 -
— W

B § leoy é
— LN |

<
~Vocé vai ficar com o 5m\ Sim. E se o dentinho estiver muito estragado, teremos que tirar o dente dodoi para nascer
/" bonito e nZo tera mais dor de "\
dente. Vamos colocar uma )
2T massinha
N

outro bem bonito e saudével. Mas fica tranquilo, que somos treinados e cuidamos das criangas
com muito carinho. Colocamos uma pomadinha para o dente dormir que ndo deixa vocé sentir
para fecharo buraco. -
R g

muito incomodo.

Vai tirar o
bichinho do
meu dente?

Vocé pode dizer “sim” para participar.
Se quiser desistir a qualquer momento, & s6 falar “n3o”. I

©
o

— =g
( Eu quero participar, doutor.\/

g 7 -
Entdo, escreva o seu nome —_—
no final dessafolha.

Eu, , aceito participar da pesquisa

(|

5

“Aplicabilidade de um programa em saude bucal no tratamento e controle de lesées de carie
em escolares”, que tem o(s) objetivos de saber se tratar os dentes das criangas na escola
e fazer que a crianga escove os dentes depois do lanche ajudam a diminuir o nimero de
dentes com carie (buraquinho). Entendi os beneficios e as coisas ruins que podem
acontecer. Entendi que posso dizer “sim” e participar, mas que, a qualquer momento, posso
dizer “ndao” e desistir. Os pesquisadores tiraram minhas duvidas e conversaram com 0s

meus responsaveis.

Brasilia,  / /

Assinatura do menor

Assinatura do(a) Pesquisador(a) Responsavel
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Anexo 1 Parecer do Comité de Etica e Pesquisa da Fundagdo de Ensino e Pesquisa
em Ciéncias da Saude/FEPECS/SES/DF

FUNDACAO DE ENSINO E
J; cn s PESQUISA EM CIENCIAS DA W““’
pr om—— SAUDE/ FEPECS/ SES/ DF

PARECER CONSUBSTANCIADO DO CEP

DADOS DO PROJETO DE PESQUISA

Titulo da Pesquisa: Aplicabilidade de um programa em saude na melhora da saude bucal e geral de
escolares do Distrito Federal

Pesquisador: MAURICIO BARTELLE BASSO

Area Tematica:

Versao: 3

CAAE: 00617218.3.0000.5553

Instituicdo Proponente: DISTRITO FEDERAL SECRETARIA DE SAUDE
Patrocinador Principal: Financiamento Préprio

DADOS DO PARECER

Numero do Parecer: 3.066.168

Apresentacao do Projeto:

Andlise de resposta a pendéncias emitidas em parecer anterior.

Trata-se de um projeto institucional de intervencéo e elaboragdo de politicas publicas que tem como objetiva
avaliar a aplicabilidade de um programa em saude na melhoria da satde bucal e geral com agdes inseridas
na escola, baseado no Ottawa Charter e que possui dois componentes: (1) praticas basicas de higiene e
(2)cuidados contemporaneos de saude bucal. Para tanto, todas as criangas nascidas entre os anos de 2010
e 2012 matriculadas nas duas escolas publicas destinadas a essa faixa etaria localizadas na Cidade
Estrutural (RA Setor Complementar de Industria e Abastecimento), apés coleta do termo de consentimento,
serdo incluidas. O estudo sera composto de avaliagéo clinica, coleta de material para exame de laboratorio,
uso de questionarios associados a implementacgao das préaticas basicas de higiene e dos cuidados de saude

bucal.

Objetivo da Pesquisa:

“Objetivo Geral:

Avaliar a aplicabilidade, impacto e o custo-efetividade de dois componentes do programa AHI de promogao
de saude em escolares entre 6 e 8 anos de idade matriculados em duas escolas na Cidade Estrutural,
SCIA,Brasilia, Distrito Federal.

Endereco: SMHN 2 Qd 501 BLOCO A - FEPECS

Bairro: ASA NORTE CEP: 70.710-904
UF: DF Municipio: BRASILIA
Telefone: (61)2017-2127 E-mail: comitedeetica.secretaria@gmail.com
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Continuagéao do Parecer: 3.066.168

Objetivos secundarios:

+ Identificar as barreiras para a implementacdo do programa AHI (fase1); + Identificar o custo
paraimplementacao do programa AHI (fase 1); « Avaliar a capacidade do programa AHI em transformar as
escolas em “escolas saudaveis”; + Avaliar a capacidade do programa em mudar o comportamento dos
escolares em relagdo as praticas de higiene e saude; + Avaliar a longevidade das restauragdes ART em
molares permanentes; * Avaliar a longevidade dos selantes ART em molares permanentes; < Avaliar a
capacidade do programa na prevengdo de novas lesdes de carie e no controle da dor dentaria; « Avaliar a
capacidade do programa em reduzir a prevaléncia de doengas associadas a falta de higiene; « Avaliar a
capacidade do programa AHI na prevencao de desnutricdo e obesidade; * Avaliar a capacidade do
programa AHI em diminuir o absenteismo e em melhorar o desempenho escolar do estudante; + Avaliar a
capacidade do programa AHI em diminuir a prevaléncia e recorréncia de carie e suas sequelas de acordo
com o instrumento CAST; « Avaliar a capacidade do programa AHI em diminuir prevaléncia e recorréncia de
dor dentaria; « Avaliar a capacidade do programa AHI em reduzir placa visivel e sangramento gengival”

Avaliacao dos Riscos e Beneficios:

“*Riscos: Os riscos esperados sdo de duas naturezas: inerentes aos procedimentos clinicos e a
confidencialidade dos dados coletados. No tocante aos procedimentos clinicos, os riscos sdo: desconforto
durante a realizagdo da avaliagdo clinica e durante a realizagdo dos procedimentos restauradores e de
extracdo dentaria; risco de quebra de agulha durante a realizagéo da anestesia; risco de dor apds a cirurgia.
Para minimizar estes problemas, os dentistas envolvidos na pesquisa responsaveis pelos procedimentos
séo especialistas em Odontopediatria e foram treinados para fazer o manejo de comportamento da crianga,
bem como na correta forma de administracdo da anestesia local. Para alivio da dor, sera prescrita
medicagao analgésica. H4 ainda os riscos inerentes a exposicao dos dados clinicos e socioeconémicos
coletados durante a pesquisa. Para minimizar estes riscos, a aplicagdo dos questionarios as criangas sera
feita em local reservado nas escolas e nenhum dos questionéarios apresentara identificacdo de nome do
sujeito de pesquisa. O risco de ingestdo de creme dental fluoretado durante o procedimento de escovagéo
dentaria supervisionada e suas consequéncias & minimo para crian¢as na faixa etaria incluida no estudo.
Além disso, as criangas s0 iniciardo a escovacgao na escola apés participarem de treinamento em

Endereco: SMHN 2 Qd 501 BLOCO A - FEPECS

Bairro: ASA NORTE CEP: 70.710-904
UF: DF Municipio: BRASILIA
Telefone: (61)2017-2127 E-mail: comitedeetica.secretaria@gmail.com
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Continuagéo do Parecer: 3.066.168
como fazé-lo de forma adequada.

*Beneficios:Os beneficios da pesquisa sdo inUmeros, ja que se oferecera tratamento para o alivio da
dor,restauragdo de dentes com cérie e prevengado da ocorréncia de novas lesdes de cérie. Além disso, o
estudo terd um impacto positivo na satde geral das criangas, uma vez que se espera diminuir o nimero de
infeccbes decorrentes da falta de higiene. Espera-se ainda elaborar um protocolo conciso de agdes com
baixo custo-beneficio, reprodutivel em qualquer sistemas de saude do mundo, que continua para a melhora
dos indices de saude geral, absenteismo e desempenho escolar e reducéo de

iniquidades de populacdes vulneraveis.”

Comentarios e Considerac6es sobre a Pesquisa:

Os valores apresentados na planilha orgamentaria na Plataforma Brasil difere da apresentada no projeto
bésico.

No questionéario socio econémico (anexo 1), ainda consta o campo para a identificagcdo do nome da
crianga:"parentesco com a crianga ...);

No questionario do anexo 2 aparece um campo com a seguinte descricdo: " os pais da crianga...".
Consideracoes sobre os Termos de apresentacao obrigatoria:

Os curriculos dos outros pesquisadores foram incluidos, conforme solicitado;

As alteragdes solicitadas referente ao TCLE foram devidamente corrigidas;

A planilha orgamentaria foi apresentada, porém os valores estdo divergentes entre Plataforma Brasil e
projeto basico.

Recomendacodes:

Conclusdes ou Pendéncias e Lista de Inadequacoes:

Pendéncias anteriores:

Projeto apresenta as pendéncias que seguem, solicita-se:

1 - Igualar as informagdes, referente ao orgamento, na Plataforma Brasil e projeto basico; ATENDIDA
2 - Retirar dos questionarios (anexo 1 e 2), conforme ja mencionado nos comentarios, o0 campo para
identificacédo do nome da criancga, utilizar outra forma de identificagéo (codificacéo), para garantir

Endereco: SMHN 2 Qd 501 BLOCO A - FEPECS

Bairro: ASA NORTE CEP: 70.710-904
UF: DF Municipio: BRASILIA
Telefone: (61)2017-2127 E-mail: comitedeetica.secretaria@gmail.com
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Continuagéo do Parecer: 3.066.168
a confidencialidade dos dados coletados. ATENDIDA
TODAS AS PENDENCIAS FORAM ATENDIDAS: PROJETO APROVADO.

O pesquisador assume o compromisso de garantir o sigilo que assegure o anonimato e a privacidade dos
participantes da pesquisa e a confidencialidade dos dados coletados. Os dados obtidos na pesquisa
deverdo ser utilizados exclusivamente para a finalidade prevista no seu protocolo.

O pesquisador devera encaminhar relatério parcial e final de acordo com o desenvolvimento do projeto da
pesquisa, conforme Resolugdo CNS/MS n° 466 de 2012.

O presente Parecer de aprovacdo tem validade de até dois anos, mediante apresentacéo de relatorios
parciais, e apos decorrido esse prazo, caso necessario, devera ser apresentada emenda para prorrogagao
do cronograma.

Consideracodes Finais a critério do CEP:

Este parecer foi elaborado baseado nos documentos abaixo relacionados:

Tipo Documento Arquivo Postagem Autor Situacao
Informagdes Bésicas| PB_INFORMAGCOES_BASICAS_DO_P | 22/11/2018 Aceito
do Projeto ROJETO_1179803.pdf 14:23:34
Outros Carta2.pdf 22/11/2018 |MAURICIO Aceito

14:21:17 _|BARTELLE BASSO
TCLE / Termos de | TCLED.pdf 22/11/2018 |MAURICIO Aceito
Assentimento / 14:20:00 |[BARTELLE BASSO
Justificativa de
Auséncia
TCLE / Termos de | TCLE.pdf 22/11/2018 |MAURICIO Aceito
Assentimento / 14:19:48 |BARTELLE BASSO
Justificativa de
Auséncia
Projeto Detalhado / | Brochura.pdf 22/11/2018 [MAURICIO Aceito
Brochura 14:16:26 |BARTELLE BASSO
Investigador
Outros curriculosynthia.pdf 09/11/2018 [MAURICIO Aceito
12:01:54 |BARTELLE BASSO
Outros curriculocarine.pdf 09/11/2018 [MAURICIO Aceito
12:01:37 |BARTELLE BASSO

Endereco: SMHN 2 Qd 501 BLOCO A - FEPECS

Bairro: ASA NORTE CEP: 70.710-904
UF: DF Municipio: BRASILIA
Telefone: (61)2017-2127 E-mail: comitedeetica.secretaria@gmail.com

Pagina 04 de 05



FUNDACAO DE ENSINO E

= Plataforma
A oo PESQUISAEM CIENCIAS DA “CRE/A
gy . SAUDE/ FEPECS/ SES/ DF
Continuagéo do Parecer: 3.066.168
Outros CurriculoTereza.pdf 09/11/2018 [MAURICIO Aceito
11:57:49 |BARTELLE BASSO
Outros CurriculoRenata.pdf 09/11/2018 [ MAURICIO Aceito
11:57:21 _|BARTELLE BASSO
Outros Curriculolsadora.pdf 09/11/2018 [MAURICIO Aceito
11:57:07 | BARTELLE BASSO
Declaracéo de EC1.pdf 02/10/2018 | MAURICIO Aceito
Instituicdo e 12:02:07 |BARTELLE BASSO
Infraestrutura
Declaracéo de CEF2.pdf 02/10/2018 | MAURICIO Aceito
Instituicdo e 12:01:52 |BARTELLE BASSO
Infraestrutura
Declaragéo de lab.pdf 02/10/2018 [MAURICIO Aceito
Instituicdo e 12:01:38 |BARTELLE BASSO
Infraestrutura
Declaragéo de gsap.pdf 02/10/2018 | MAURICIO Aceito
Instituicao e 12:01:07 |BARTELLE BASSO
Infraestrutura
Outros termo.pdf 18/09/2018 | MAURICIO Aceito
08:53:37 [BARTELLE BASSO
Outros encaminhamento.pdf 18/09/2018 | MAURICIO Aceito
08:52:43 [BARTELLE BASSO
Folha de Rosto rosto.pdf 06/09/2018 | MAURICIO Aceito
17:15:14 |BARTELLE BASSO

Situagao do Parecer:

Aprovado

Necessita Apreciacao da CONEP:

Nao

Endereco:
Bairro: ASA NORTE
UF: DF

Telefone:

Municipio:
(61)2017-2127

BRASILIA, 07 de Dezembro de 2018

Assinado por:
DILLIAN ADELAINE CESAR DA SILVA
(Coordenador(a))

SMHN 2 Qd 501 BLOCO A - FEPECS

CEP: 70.710-904
BRASILIA

E-mail:

comitedeetica.secretaria@gmail.com
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Anexo 2 Artigo publicado no International Journal of Environmental Research and
Public Health

Environmental Research

r \ International Journal of
WA and Public Health

Article

The Relationship between Obesity and Childhood Dental
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Abstract: Background: Childhood obesity and dental caries are prevalent chronic, multifactorial
conditions with adverse health consequences and considerable healthcare costs. The aims of this
study were: (1) to evaluate the relationship between obesity and dental caries among young children
using multiple definitions for both conditions, and (2) to evaluate the role of family socioeconomic
status (SES) and the child’s intake of added sugars in explaining this association. Methods: Data from
2775 2-5-year-olds children from the National Health and Nutrition Examination Survey (NHANES)
20112018 were analysed. Three different international standards were used to define obesity, namely
the World Health Organization (WHO), Centers for Disease Control and Prevention (CDC), and the
International Obesity Task Force (IOTF). Dental caries was measured during clinical examinations
and summarised as counts (dt and dft scores) and prevalence (untreated caries [dt > 0] and caries
experience [dft > 0]). The association of obesity with dental caries was assessed in regression models
controlling for demographic factors, family SES and child’s intake of added sugars. Results: In crude
models, obesity was associated with greater dt scores when using the IOTF standards (RR: 2.43,
95% CI: 1.11, 5.29) but not when using the WHO and CDC standards; obesity was associated with
greater dft scores when using the WHO (1.57, 95%CI: 1.11-2.22), CDC (1.70, 95%CIl: 1.17-2.46) and
IOTF standards (2.43, 95%CI: 1.73-3.42); obesity was associated with lifetime caries prevalence when
using the WHO (1.55, 95%CI: 1.05-2.29), CDC (1.73, 95%CI: 1.14-2.62) and IOTF standards (2.45,
95%Cl: 1.61-3.71), but not with untreated caries prevalence. These associations were fully attenuated
after controlling for demographic factors, family SES and child’s intake of added sugars. Conclusions:
The relationship between obesity and dental caries in primary teeth varied based on the definition of
obesity and dental caries used. Associations were observed when obesity was defined using the IOTF
standards and dental caries was defined using lifetime indicators. Associations were fully attenuated
after adjusting for well-known determinants of both conditions.

Keywords: dental caries; obesity; cross-sectional studies; childhood; primary teeth; United States

1. Introduction

Childhood obesity and dental caries are common chronic, multifactorial conditions
that are associated with negative health effects over the life span of individuals and im-
pose a considerable burden on national healthcare systems [1,2]. In 2020, 5.7% of children
younger than 5 years old were overweight or obese, which amounted to 39 million cases
worldwide [3,4]. In addition, the Global Burden of Disease study showed that the preva-
lence of untreated cavitated dentine caries lesions in children younger than 5 years old was
37.6% in 2019, amounting to 249 million cases globally [5].

Whether and how obesity and dental caries are related to each other is still a matter
of debate. This is a growing area of research, with four systematic reviews published in
the past five years [6-9]. While most reviews found that overweight/obesity and dental
caries in older children (permanent dentition) were positively associated, the findings
were less consistent in preschool children (primary dentition) [6-9]. Indeed, two reviews

Int. . Environ, Res, Public Health 2022, 19, 16160, https:/ /doi.org/10.3390/ijerph192316160
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found that obese children showed greater caries levels in primary teeth than children of
normal weight [8,9] whereas two other reviews found no association [6,7]. The mixed
findings highlight the need for more studies in this specific age group, especially those
that address limitations found in previous studies. One limitation consistently identified
in the above reviews was the lack of adjustment for relevant confounders of the obesity-
caries relationship, such as family socioeconomic status (SES) and child’s sugar intake.
On one hand, both childhood obesity and dental caries are more frequent among poorer
families [2,10]. On the other hand, sugar intake is an established behavioural determinant
of both obesity and caries in childhood and adulthood [11,12]. The reviews also identified
large heterogeneity between the primary studies. Differences in the methods used to
measure obesity (e.g., standards and cut-offs to define obesity, analysis of overweight and
obese groups carried out separately or jointly, and merging the underweight with the
normal weight group) and dental caries (e.g., different thresholds, and analysis as count or
prevalence) complicate the interpretation of findings and any comparison between studies.
A detailed exploration of the impact of these methodological decisions on the estimates for
the relationship between childhood obesity and caries is warranted.

Regarding potential explanations for the obesity-caries relationship, it has been re-
ported that obesity can lead to changes in the oral microflora and salivary properties, which
in turn might predispose children to develop dental caries [13-15]. This explanation implies
that dental caries is a consequence of obesity. However, it seems to be more accepted that
the relationship between childhood obesity and dental caries is explained by common
risk factors, such as a lower SES and a sugar-rich diet [9,16,17]. This second explanation
has stronger implications as it would allow reducing the burden of these two common
childhood health problems through policies and interventions that tackle their shared
roots (e.g., sugars intake) [18]. Therefore, the aims of this study were: (1) to evaluate the
relationship between obesity and dental caries in young children using multiple definitions
for both conditions, and (2) to evaluate the role of family socioeconomic status (SES) and
the child’s intake of added sugars in explaining this association.

2. Materials and Methods
2.1. Study Population

This study used data from the National Health and Nutrition Examination Survey
(NHANES) 2011-2018, which is a programme of studies, carried out by the Centers for
Disease Control and Prevention (CDC). NHANES recruits a nationally representative
survey of the non-institutionalised population in the United States through a stratified,
multistage probability sampling. Data are collected annually and released for public use
in 2-year cycles to protect participants’ confidentiality. The National Center for Health
Statistics Research Ethics Review Board approved the NHANES survey protocol and
written parental permission was obtained for participating minors. Each NHANES cycle
included approximately 10,000 individuals who were interviewed at home and assessed
on a variety of health factors at a mobile examination centre (MEC). Overall, there were
9756 participants in 2011-2012 (response rate: 72.6%), 10,175 in 2013-2014 (71.0%), 9971 in
2015-2016 (61.3%), and 9254 in 2017-2018 (51.9%) [19].

Of the 3405 children aged 24 to 71 months in NHANES 2011-2018, 3168 had complete
data on body measurements and on oral health examination. Out of this total, 893 children
were excluded on the basis of missing values on covariates (total energy intake = 616,
child’s intake of added sugars = 593, poverty income ratio = 277, parental education = 135).
Therefore, the final analytical sample for the present report was 2775 children who had
complete data on all relevant variables.

2.2. Variables Selected

Dental caries was the study outcome, which was determined from oral health examina-
tions by licensed dentists who were trained in the NHANES methods. Examinations were
carried out at the MEC, using a portable dental chair, artificial light, and compressed air.
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The examination of young children included a tooth count and dental caries assessment that
was registered at the cavitation-level following the Radike’s criteria [20]. Inter-examiner
Kappa values for untreated caries lesions ranged from 0.93 to 1.00 [21]. The number of
decayed teeth (dt score) and the sum of decayed and filled teeth (dft score) were calculated
for each participant. Both indicators were also used to estimate the prevalence of untreated
decay (dt > 0) and caries experience (dft > 0), respectively.

Child body measures were collected at the MEC by trained health technicians. Height
was measured using a stadiometer with a fixed vertical backboard and an adjustable head-
piece. Participants were weighed in kilograms using a digital weight scale wearing the
standard MEC examination gown [22]. Weight and height measurements were used to clas-
sify children according to three international standards: World Health Organization (WHO),
CDC and the International Obesity Task Force (IOTF). The 2007 WHO Growth reference
standards for children 2 years or older were used to estimate the body mass index (BMI) for
sex and age z-score, which was then categorised as underweight (lower than —2 Standard
Deviations [SD]), normal weight (between —2 SD and +1 SD), overweight (higher than
+1SD, which corresponds to a BMI of 25 kg/m? at 19 years), and obesity (higher than +2 SD,
which corresponds to a BMI of 30 kg/m? at 19 years) [23,24]. Using the CDC's sex-specific
2000 BMI-for-age growth charts for the US child population, underweight was defined as a
BMI-for-sex-and-age lower than the 5th percentile, normal weight as a BMI-for-sex-and-age
equal or higher than the 5th percentile but lower than the 85th percentile, overweight as a
BMI-for-sex-and-age equal or higher than the 85th percentile but lower than the 95th per-
centile, and obese as a BMI-for-sex-and-age higher than the 95th percentile [25]. Finally,
children were classified according to the IOTF cut-offs calculated by sex and for each month
of age and for the equivalent of BMI 18.5 (underweight), 25 (overweight) and 30 (obesity)
at age 18 years [26].

Family SES, child’s demographic factors and intake of added sugars were also included
in the analysis as potential confounders for the relationship between obesity and dental
caries. Family SES was indicated by the poverty income ratio (which is estimated by
dividing family income by the poverty guidelines, specific to household size, US state and
year), and the household reference person’s education. Child demographic factors included
were age, sex and race/ethnicity. The child’s dietary intake of all foods and beverages
(including total calorie intake) was estimated from a 24 h dietary recall interview at the
MEC [27]. Consumption of added sugars (in grams) was derived using the US Department
of Agriculture (USDA) Food Patterns Equivalent Database (FPED) for each NHANES
cycle [28]. The FPED defines added sugars as those sugars added to foods and beverages
during processing or home preparation, and sugars eaten separately or added to foods at
the table [29]. Intake was categorised into quartiles for analysis.

2.3. Statistical Analysis

Data management and analysis were conducted in Stata version 17 (StataCorp, College
Station, TX, USA). All analysis incorporated the survey design (stratification and clustering)
and weights. In order to evaluate the impact of missing data on the representativeness of the
study sample, children included and excluded from the analysis were compared in terms
of their sociodemographic, behavioural and clinical characteristics with the Chi-square test
for categorical variables and the independent samples ¢-test for numerical variables. The dt
and dft scores were compared by sociodemographic and behavioural factors using simple
negative binomial regression models. Similarly, the prevalence of obesity (as defined by
each of three standards) was compared by sociodemographic and behavioural factors using
simple binary logistic regression.

The association of obesity with the dt and dft scores was tested using negative binomial
regression models as both caries indicators were count measures with overdispersion.
Therefore, rate ratios (RR) with 95% confidence intervals (95%CI) were the measure of
association reported. The regression modelling started with the crude association between
each definition of obesity and the dt score (labelled as Model 1). This association was
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controlled for the child’s demographic factors (sex, age and race/ethnicity) in Model 2 and
additionally for family SES (poverty income ratio and parental education), child’s intake of
added sugars and total energy intake in Model 3. The standard multivariate approach was
used to adjust intake for total energy intake [30]. The same set of three sequential models
was fitted for testing the association of each definition of obesity with the dft score. Finally,
the same set of three models was repeated using the prevalence of untreated decay (dt > 0)
and caries experience (dft > 0). Binary logistic regression was used in these analyses and
odds ratios (ORs) were reported.

3. Results

Data from 2275 children were analysed (mean age: 3.4, SD: 1.1, range: 2 to 5 years).
Statistical differences were observed between children included and excluded from the
study sample due to missing values. Children in the study sample were more likely to
be older and White, to have parents with higher education, and to have normal weight
than those excluded. Overall, 21.9% of children had caries experience and 10.4% had
untreated caries lesions. The mean dt and dft scores were 0.32 (SD: 1.46, range: 0 to 13)
and 1.01 (SD: 2.89, range: 0 to 16), respectively. Older and Hispanic children, as well as
those living in low SES and with greater intake of added sugars had greater dt and dft
scores (Table 1). The prevalence of obesity varied based on the standards used, namely
9.5% according to the WHO standards, 11.3% according to the CDC standards, and 5.9%
according to the IOTF standards. Obesity was more common among older and Hispanic
children, those of low SES and with greater intake of added sugars (Table 2).

Table 1. Description of the study sample and comparison of dental caries indicators by covariates.

dt dft
n %
Mean (SD) Mean (SD)
Child sex
Boys 1117 49.1 0.38 (1.56) 1.10 (2.96)
Girls 1158 509 0.27 (1.36) 0.92 (2.82)
p value @ 0.084 0.172
Child age
2 years 659 24.5 0.21 (1.30) 0.27 (1.49)
3 years 533 26.1 0.29 (1.31) 0.70 (2.25)
4 years 550 249 0.38 (1.49) 11 (2.98)
5 years 533 24.6 0.41 (1.66) 1.96 (3.74)
p value for trend 0.025 <0.001
Child race/ethnicity
Non-Hispanic White 669 525 0.24 0.97) 0.75 (1.89)
Non-Hispanic Black 576 13.6 0.38 (2.05) 1.06 (3.87)
Hispanic 655 23.5 0.41 (1.65) 1.54 (3.91)
Asian 193 4.0 0.52 (3.13) 1.12 &.71)
Other 182 6.4 0.48 (2.13) 0.96 (2.87)
p value 0.250 0.017
Poverty income ratio
<1.00 817 28.1 0.59 (2.25) 1.55 (3.92)
1.00-1.99 610 253 0.35 (1.56) 1.01 (2.83)
2.00-2.99 317 14.9 0.22 (1.00) 1.13 (3.28)
>3 531 31.6 0.12 (0.73) 0.46 (1.60)
p value for trend <0.001 <0.001
Parental education
Below high school 472 15.8 0.54 (2.15) 1.92 (4.40)
High school 1246 535 0.41 (1.66) 1.08 (3.00)
Above high school 557 30.7 0.06 (0.50) 0.40 (1.58)
p value for trend <0.001 <0.001
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Table 1. Cont.

dt dft
n %
Mean (SD) Mean (SD)
Child intake of added sugars

Q1 (lowest) 666 292 027 (1.29) 0.87 (2.60)
Q2 811 36.6 0.31 (1.44) 0.90 (2.72)
Q3 576 25.0 0.39 (1.61) 122 (3.26)
Q4 (highest) 22 93 0.36 (1.63) 125 (3.30)
p value trend 0.215 0.023

2 p values were derived from crude negative binomial regression models, using an omnibus test to compare
unordered groups and a test for linear trends to compare ordered groups.

Table 2. Prevalence of obesity (as defined by three international standards ?) by sociodemographic
and behavioural factors (n = 2275).

WHO CDC Standards IOTF Standards
Standards
n % n % n %
Child sex
Boys 108 9.9 121 10.9 55 55
Girls 112 9.2 134 11.6 74 6.3
p value ® 0.665 0.723 0.531
Child age
2 years 58 8.8 55 8.3 19 2.7
3 years 43 6.4 52 8.1 18 3.2
4 years 52 10.1 69 13.5 36 6.5
5 years 67 12.9 79 15.2 56 11.3
p value for trend 0.035 0.006 <0.001
Child race/ethnicity
Non-Hispanic White 51 7.4 63 9.2 30 42
Non-Hispanic Black 58 10.7 62 11.4 32 6.9
Hispanic 90 15.2 105 17.7 55 9.9
Asian 7 3.6 9 4.7 3 17
Other 14 6.5 16 8.3 9 52
p value <0.001 <0.001 0.003
Poverty income ratio
<1.00 91 12.0 100 12.6 55 8.1
1.00-1.99 64 10.3 80 13.3 40 6.7
2.00-2.99 35 11.1 38 13.2 19 6.2
>3 30 5.9 37 7.5 15 3.0
p value for trend 0.031 0.076 0.029
Parental education
Below high school 64 13.0 69 132 34 7.2
High school 127 10.7 151 13.4 79 74
Above high school 29 5.7 35 6.5 16 25
p value for trend 0.004 0.002 0.002
Child intake of added sugars
Q1 (lowest) 54 6.9 60 8.5 23 32
Q2 79 9.5 90 10.7 51 6.5
Q3 62 11.6 72 14.1 37 6.9
Q4 (highest) 25 12.2 33 14.7 18 9.0
p value for trend 0.097 0.036 0.044

2 Obesity was defined as a BMI for sex and age z-score > +2 SD (WHO standards), a BMI-for-sex-and-age
> 95th percentile (CDC standards) and a BMI > those age-sex specific BMI cut-offs corresponding to BMI = 30 at
age 18 years (IOTF standards). ® Unordered groups were compared using the Chi-square test whereas ordered
groups were compared using the Chi-square test for linear trends.
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The association of obesity with the dt score is shown in Table 3 and Figure 1. In
crude models, overweight and obese children had greater dt scores than children with
normal weight. In addition, estimates (RRs) were consistently higher for obese than
for overweight children. However, the estimate for obesity was significant only when
using the IOTF standards. Obese children had 2.43 (95%CI: 1.11, 5.29) times higher dt
scores than normal-weight children. This association was weakened but continued to
be significant after adjusting for child demographic factors (2.20, 95%CI: 1.07, 4.52).
However, it was fully attenuated after additional adjustment for family SES and child’s
intake of added sugars (1.65, 95%CI: 0.87, 3.11). Table 3 and Figure 1 also show the
association of obesity with the dft score. In crude models, obese children showed greater
dft scores than children with normal weight when using the WHO (1.57, 95%CI: 1.11,
2.22), CDC (1.70, 95%CI: 1.17, 2.46) and IOTF standards (2.43, 95%CI: 1.73, 3.42), re-
spectively. However, the corresponding estimates for overweight were equal to 1 or
less. The estimate for the association between obesity (according to the IOTF standards)
and dft score was weakened but continued to be significant after adjustment for child
demographic factors in Model 2 (2.10, 95% CI: 1.28, 3.45) and additionally for family SES
and child intake of added sugars (2.02, 95% CI: 1.28, 3.17).

Table 3. Models for the association of BMI groups (as defined by three international standards) with
dt and dft scores among 2-5-year-old children (n = 2275).

Model 1 Model 2 Model 3
Mean (SD)
RR [95%CI] RR [95%CI] RR [95%CI]
Untreated Caries:
WHO standards
Normal 0.29 (1.41) 1.00 [Reference] 1.00 [Reference] 1.00 [Reference]
Overweight 0.33 (1.27) 1.11 [0.63-1.95] 0.98 [0.63-1.52] 0.97 [0.60-1.56]
Obese 0.52 (2.10) 1.76 [0.88-3.52] 1.63 [0.87-3.04] 1.30 [0.76-2.25]
Underweight 0.97 (3.70) 3.31[0.58-18.75] 2.58 [0.42-15.95] 1.42[0.27-7.41]
CDC standards
Normal 0.27 (1.29) 1.00 [Reference] 1.00 [Reference] 1.00 [Reference]
Overweight 0.38 (1.32) 1.41 [0.85-2.36] 1.25[0.75-2.10] 1.22[0.75-1.99]
Obese 0.56 (2.10) 2.12[0.98-4.59] 1.86 [0.94-3.68] 1.59 [0.89-2.84]
Underweight 0.55 (2.68) 2.07 [0.85-5.06] 1.63 [0.68-3.89] 1.37 [0.67-2.81]
IOTF standards
Normal 0.28 (1.31) 1.00 [Reference] 1.00 [Reference] 1.00 [Reference]
Overweight 041 (1.46) 1.45[0.81-2.63] 1.22[0.81-1.83] 1.16 [0.73-1.84]
Obese 0.68 (2.36) 2.43[1.11-5.29] * 2.20 [1.07-4.52] * 1.65[0.87-3.11]
Underweight 0.35 (1.88) 1.26 [0.67-2.37] 0.92[0.53-1.62] 0.93 [0.52-1.68]
Caries Experience:
WHO standards
Normal 0.99 (2.96) 1.00 [Reference] 1.00 [Reference] 1.00 [Reference]
Overweight 0.82 (2.32) 0.83 [0.57-1.22] 0.82[0.59-1.14] 0.81 [0.56-1.16]
Obese 1.56 (3.66) 157 [1.11-2.22] * 1.56 [1.00-2.45] 1.47[0.97-2.12]
Underweight 1.08 (3.78) 1.09 [0.22-5.28] 0.69 [0.15-3.19] 0.42 [0.11-1.66]
CDC standards
Normal 0.93 (2.82) 1.00 [Reference] 1.00 [Reference] 1.00 [Reference]
Overweight 0.88 (2.36) 0.95 [0.65-1.40] 0.87 [0.60-1.26] 0.84 [0.57-1.24]
Obese 1.58 (3.57) 1.70 [1.17-2.46] * 1.51 [0.96-2.38] 1.43[0.93-2.19]
Underweight 121 (4.08) 1.30 [0.66-2.55] 1.15 [0.52-2.55] 0.83 [0.45-1.54]
IOTF standards
Normal 0.90 (2.69) 1.00 [Reference] 1.00 [Reference] 1.00 [Reference]
Overweight 0.90 (2.37) 1.00 [0.64-1.55] 0.920.61-1.39] 0.85[0.54-1.32]
Obese 2.19 (4.12) 2.43[1.73-3.42] * 2.10[1.28-3.45] * 2.02[1.28-3.17] *
Underweight 1.29 (4.15) 1.43 [0.85-2.40] 1.16 [0.67-2.02] 1.01 [0.59-1.73]

The dt and dft scores were modelled using negative binomial regression. Rate ratios (RR) were reported. Model
1 was unadjusted, Model 2 adjusted for child demographic factors (sex, age and race/ethnicity) and Model 3
additionally adjusted for family socioeconomic status (poverty income ratio and parental education) and child
intake of added sugars (quintiles) and total energy intake. * p < 0.05.
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Figure 1. Crude and adjusted estimates (rates ratios, RRs) for the association of overweight and
obesity (as defined by three international standards) with the dt and dft scores among 2-5-year-old
children (n = 2275). M1, M2 and M3 correspond to Models 1, 2 and 3 in Table 3.

Similar results were obtained when modelling dental caries in terms of having un-
treated caries (dt > 0) and caries experience (dft > 0). Obesity was positively associated
with greater odds of having caries experience, but not untreated caries, in crude logistic
regression models. These associations were fully attenuated after adjustment for demo-
graphic factors and remained as such after further adjustment for family SES and child
intake of added sugars (Table 4 and Figure 2).
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Table 4. Models for the association of BMI groups (as defined by three international standards) with
the prevalence of untreated caries and caries experience among 2-5-year-old children (n = 2275).

Model 1 Model 2 Model 3
"% T OR95%C OR [95%CI] OR [95%ClI]
Untreated Caries:
WHO standards
Normal 190 10.0 Reference Reference Reference
Overweight 53 106 1.07[0.66-1.73]  1.07[0.69-1.67] 0.9 [0.60-1.64]
Obese 29 125 128[072-2.29]  1.11[0.59-2.09]  0.97 [0.55-1.69]
Underweight 2 205 231[0.38-140]  175[025-12.0]  1.46[0.27-7.94]
CDC standards
Normal 183 93 Reference Reference Reference
Overweight 40 136 155[097-2.49]  147[092-2.36]  1.35[0.81-2.25]
Obese 38 135 153[0.78-3.00]  1.30[0.64-2.65]  1.15[0.61-2.20]
Underweight 13 10.8  1.19[0.58-2.45] 1.17 [0.58-2.37] 1.35[0.64-2.86]
IOTF standards
Normal 189 9.8 Reference Reference Reference
Overweight 38 118 1.24[073-210]  1.15[0.72-1.85]  1.10 [0.67-1.79]
Obese 20 162 1.78[091-347]  1.40[0.65-3.02]  1.19 [0.60-2.36]
Underweight 27 10.1  1.04 [0.58-1.85] 0.95 [0.54-1.68] 1.07 [0.57-2.00]
Caries Experience:
WHO standards
Normal 377 217 Reference Reference Reference
Overweight 107 193 0.87[0.60-1.25] 0.90 [0.63-1.28] 0.83 [0.55-1.25]
Obese 58 300 1.55[1.05-229]*  1.26[0.81-1.95]  1.13[0.73-1.75]
Underweight 2 205 093[0.15-5.67]  0.65[0.11-3.90]  0.56 [1.22-2.61]
CDC standards
Normal 378  20.7 Reference Reference Reference
Overweight 73 21.7 1.07 [0.71-1.60] 1.00 [0.66-1.53] 0.90 [0.57-1.42]
Obese 73 311 173[1.14-2.62]* 135[0.85-2.13]  1.23[0.78-1.95]
Underweight 20 179 0.84[043-1.63]  0.87[044-1.73]  1.00 [0.56-1.80]
IOTF standards
Normal 388 20.7 Reference Reference Reference
Overweight 65 220 1.07[0.67-1.72]  097[0.61-1.55]  0.89 [0.54-1.48]
Obese 42 390 245[1.61-371]*  155[0.95-2.54]  1.41[0.84-2.36]
Underweight 49 203 098[059-1.61]  091[058-143]  1.03[0.65-1.62]

Prevalence rates were modelled using binary logistic regression. Odds ratios (OR) were reported. Model 1 was
unadjusted, Model 2 adjusted for child demographic factors (sex, age and race/ethnicity) and Model 3 additionally
adjusted for family socioeconomic status (poverty income ratio and parental education) and child intake of added
sugars (quintiles) and total energy intake. * p < 0.05.
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Figure 2. Crude and adjusted estimates (odds ratios, ORs) for the association of overweight and
obesity (as defined by three international standards) with the prevalence of untreated caries and
caries experience among 2-5-year-old children (n = 2275). M1, M2 and M3 correspond to Models 1, 2
and 3 in Table 4.

4. Discussion

Little support was found for the relationship between obesity and dental caries in
primary teeth among young US children. Moreover, and maybe most importantly, it was
possible to observe that the findings varied depending on how obesity and dental caries
were defined. For example, an association was found when obesity was defined using
the IOTF standards but not using the CDC or the WHO thresholds, and when dental
caries was defined using cumulative indicators, but not indicators of current untreated
disease. In terms of the standards to define obesity, the highest prevalence was found with
the CDC standards, which were specifically designed for US children, followed by the
WHO and IOTF standards. A systematic review found that the IOTF standards yield the
lowest prevalence of obesity [31]. There is evidence that the choice of the standards to
define obesity can influence clinical decision to offer advice or treatment, and estimation of
resources required to address the burden of obesity [31]. In that sense, an earlier review
showed obesity and dental caries were associated when using the CDC standards but
not associated when using the WHO standards [32]. Recent work has paved the way for
harmonising estimates for the prevalence of obesity based on different standards [33] and
might help to combine estimates from different studies in further systematic reviews of
the association of obesity with dental caries. As for dental caries, findings were more
consistent when looking at lifetime caries indicators, such as the dft score or the prevalence
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of caries experience, than indicators of current disease. This complicates the interpretation
of cross-sectional findings as dental caries could have occurred before the development
of obesity. Furthermore, whether caries is defined as a count (number of teeth affected)
or prevalence (% of children affected) introduces heterogeneity in the findings and makes
comparison between studies difficult. The present findings show that the use of different
standards to define obesity and different summary measures to define dental caries can
affect the magnitude of the association between both conditions. Researchers should be
mindful of such heterogeneity when comparing findings from different studies or when
pooling together estimates to carry out a meta-analysis.

Some researchers have argued that the relationship between obesity and dental caries
is more commonly found in high-income countries, where both living standards and
access to healthcare services (including the way in which fluorides are used) are relatively
high [34,35]. The reasons behind this finding are poorly understood [34,35]. Three studies
analysed NHANES data of children aged 2 to 5 years from 1999 to 2002 [36-38]. Two of
them found that overweight or obese children had more decayed teeth than normal-weight
children; however, these differences were not significant. The present finding is consistent
with those from earlier studies and published reviews [6,7].

A second important finding of this study was that the relationship between obesity
and dental caries was largely attenuated after adjusting for family SES and child intake
of added sugars. These findings suggest that obesity does not increase caries risk and the
presence of caries lesions does not increase obesity risk, but rather that shared determinants
drive the development of both conditions [16]. Low SES (as indicated by living in families
with lower poverty income ratio and with less educated parents in this study) and dietary
factors (consumption of added sugars) are shared risk factors potentially linking obesity
and dental caries [16,17,39]. This interpretation implies that earlier studies which did
not adjust for family SES and child’s sugars intake could have overestimated the true
association of obesity with dental caries in young children.

The present findings have implications for policy and research. They point to the
shared roots of childhood obesity and dental caries. Policies and interventions that address
the social determinants of health (family SES) and the commercial determinants of health
(marketing, distribution and accessibility of foods and beverages containing sugars) can
ensure all children have a good start in life. Identifying children at risk of becoming
overweight early in life may provide opportunities for family interventions to reduce
the risk of both obesity and caries. It may also provide information for the development
of multidisciplinary teamwork, in addition to allowing public health efforts to focus on
groups that are at greater risk. Further research is needed to test whether successful
interventions to tackle childhood obesity can also benefit children’s oral health. Preventing
early introduction of sugars in children’s diet could be a way forward [39,40].

Some limitations of this study need to be discussed as well. First, no causal inferences
can be drawn from the cross-sectional data used in this study. Second, participants with
missing data on obesity, caries or confounders were excluded. Since included children were
more likely to be older, White and normal weight and to have more educated parents than
excluded children, the present findings are not fully generalisable to the whole population
of pre-school US children. Third, we used the dft score instead of the dmft score (which
includes missing teeth too). This was because NHANES does not collect information on
the reason for teeth’s absence in young children. Therefore, our cumulative measures of
caries experience are likely to be underestimated. Finally, the dietary assessment was based
on parental reports of their child’s intake over a single day (i.e., 24 h dietary recall), which
might not represent the habitual diet of participants.

5. Conclusions

The relationship between obesity and dental caries in 2-5-year-old US children varied
based on the definition of obesity and dental caries used. Associations were observed when
obesity was defined using the IOTF standards and dental caries was defined using lifetime
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indicators (dft score or caries experience). In addition, the relationship between obesity and
caries was fully attenuated after adjusting for well-known determinants of both conditions
(family SES and child sugars intake).
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