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Resumo

NASCIMENTO, Gustavo Giacomelli. Impacto de sobrepeso e obesidade ao longo
da vida na ocorréncia de doenga periodontal: evidéncias de revisdes
sistematicas e de estudos transversais e longitudinais. 2015. 242f. Tese
(Doutorado em Odontologia) — Programa de Pds-graduagdo em Odontologia,
Universidade Federal de Pelotas, Pelotas, 2015.

As doencgas periodontais afetam a gengiva e os tecidos dentarios de suporte, sendo
classificadas em gengivite, inflamagdo reversivel da gengiva marginal, e
periodontite, quando ha destruicdo das estruturas que suportam o dente. Estas
doengas possuem natureza infecciosa e o grau de destruigcdo observado depende da
resposta do sistema imune do hospedeiro. Enquanto algumas condi¢des sistémicas,
como diabetes séo indicadas como fatores de risco para o desenvolvimento e para a
progressao das doencgas periodontais, o papel de outras, como a obesidade, ainda
nao €& totalmente claro. Obesidade caracteriza-se pelo acumulo excessivo de
gordura corporal responsavel por causar danos a saude geral, tendo sido apontada
como um fator de risco para outras doencas sistémicas como diabetes, doenca
cardiovascular e cancer. Revisdes sistematicas tém demonstrado a associacio entre
obesidade e doencgas periodontais, especialmente em adultos. Os resultados destas
revisdes, entretanto, sdo basicamente provenientes de estudos transversais, o que
impossibilita o estabelecimento de uma relacdo causal entre estas condi¢cdes. Assim,
as revisdes sistematicas que compdem esta tese tém como objetivo demonstrar os
efeitos da obesidade nas condigdes periodontais. Na primeira revisao, buscou-se
evidenciar o efeito do tratamento periodontal nos individuos obesos, e
posteriormente, fazer uma comparacdo com o efeito do tratamento periodontal em
individuos nao-obesos. Os resultados, originados de poucos estudos, sugerem que
o tratamento periodontal é efetivo para promover a melhora do quadro periodontal
dos individuos obesos; ainda, que ndo ha diferenca entre o efeito da terapia
periodontal entre obesos e ndo obesos. A segunda revisdo sistematica explorou os
efeitos do ganho de peso no desenvolvimento de novos casos de periodontite em
adultos. Foram incluidos apenas cinco estudos prospectivos longitudinais que
evidenciaram a associagao entre o ganho de peso e a incidéncia de periodontite. Os
achados demonstraram que os individuos que se tornaram obesos tiveram maior
risco para desenvolver periodontite, seguido por aqueles com sobrepeso, quando
comparados aos individuos que permaneceram eutréficos. Trés artigos originais
fazem parte desta tese: o primeiro, de desenho transversal, explora a associagao
entre sobrepeso/obesidade e sangramento gengival em escolares da cidade de
Pelotas-RS. Os resultados demonstraram que, entre os meninos, o0 excesso de peso
estd associado ao aumento do sangramento gengival. Este estudo, embora
transversal, demonstra a associagcao precoce entre sobrepeso/obesidade e
condigdes periodontais. O segundo artigo original objetivou estimar o efeito
controlado direto do sobrepeso/obesidade em desfechos periodontais (perda de
insercao periodontal; sangramento a sondagem) em uma coorte de adultos da
cidade de Florian6polis-SC (EpiFloripa) por meio de métodos de inferéncia causal
(marginal structural model with inverse-probability weighting). Os achados deste
estudo evidenciaram o efeito



direto do sobrepeso/obesidade, especialmente da forma abdominal, em desfechos
periodontais desfavoraveis. Finalmente, o ultimo artigo deste volume pretendeu
estimar o risco de periodontite na coorte de nascimentos de Pelotas de 1982. Neste
estudo foram realizadas intervencdes hipotéticas sobre o efeito do aumento do
sobrepeso e da obesidade ao longo da vida, independente e em associagdo com
habitos ndo saudaveis, no risco de periodontite nesta populagdo. Para isso, foi
empregada a g-formula paramétrica, levando em consideragédo as variaveis tempo-
dependentes. Os achados deste estudo sugerem que o aumento do sobrepeso e da
obesidade aumentam o risco para periodontite. Além disso, quando o excesso de
peso é combinado com outros habitos ndo saudaveis, como fumo e dieta rica em
gordura e carboidratos, o risco torna-se ainda maior. De forma geral, os resultados
apresentados pelos artigos componentes desta tese suportam a associagao entre
excesso de peso e doencga periodontal nas diferentes fases da vida. Ainda, os
achados sugerem que existe uma relagdo causal entre sobrepeso/obesidade e
doencga periodontal em adultos.

Palavras-chave: doencga periodontal; obesidade; sobrepeso; estudos longitudinais;
inferéncia causal



Abstract

NASCIMENTO, Gustavo Giacomelli. Impact of life-course overweight and obesity
on periodontal disease: findings from cross-sectional study, longitudinal
studies and systematic reviews. 2015. 242p. Thesis (Doctor of Philosophy in
Dentistry) — Post-graduate Program in Dentistry, Federal University of Pelotas,
Pelotas, 2015.

Periodontal diseases affect the gingiva and the supporting tissues of the teeth. These
diseases can be classified as gingivitis, a reversible inflammation of the marginal
gingiva, and periodontitis, a destructive inflammation affecting the supporting
structures of the teeth. Periodontal diseases are infectious conditions and depend on
the host immune response. While some systemic conditions, such as diabetes are
identified as a risk factor for development and progression of periodontal diseases,
the role played by other systemic diseases, such as obesity, remains unclear.
Obesity can be defined as a systemic disease characterized by excessive body fat
accumulation that can lead to adverse impacts on health conditions. Studies have
shown that obesity is also an important risk factor for other systemic diseases, such
as diabetes, cardiovascular disease and cancer. Systematic reviews have
demonstrated the association between obesity and periodontal diseases especially in
adults. Results of these reviews, however, are originated from cross-sectional
studies, which do not allow the establishment of causal relationship. Thus, the two
systematic reviews included in this thesis aimed to estimate the effects of obesity on
periodontal conditions. The first review aimed to look at the effects of periodontal
therapy amongst obese individuals and to compare the effects of periodontal therapy
of obese and non-obese subjects. Results, originated from few studies, suggest that
periodontal therapy is effective to improve periodontal condition in obese individuals;
also, that there is no difference between the effects of periodontal therapy in obese
and in non-obese individuals. The second systematic review aimed to explore the
effects of weight gain on the incidence of periodontitis in adults. Five prospective
longitudinal studies were included. Pooled results demonstrated that individuals that
became obese presented higher risk of periodontitis establishment, followed by those
that became overweight comparing with individuals that remained eutrophic. Three
original studies are part of this thesis: the first original article, a cross-sectional study,
investigated the association between overweight/obesity and gingival bleeding in
schoolchildren from Pelotas, Brazil. Results showed that excess of weight is
associated with greater prevalence of gingivitis among boys. Even though this study
presents a cross-sectional design, it demonstrates the precocious association
between overweight/obesity and gingival bleeding. The second original article aimed
to estimate the controlled direct effect of overweight/obesity on periodontal outcomes
(clinical attachment loss; bleeding on probing) in a cohort of adults from
Florianépolis, Brazil. Causal inference methods (marginal structural model with
inverse-probability weighting) were applied. Results demonstrated a direct effect of
overweight/obesity, especially central obesity, on unfavourable periodontal
outcomes. Finally, the last original article of this thesis intended to estimate the risk of
periodontitis in the 1982 Pelotas birth cohort. In this study hypothetical interventions
on life-course overweight and obesity were set, independently and associated with
unhealthy habits, to estimate the risk of periodontitis in this specific population. The
parametric g-formula was employed



accounting for the time-varying variables. The findings suggest that the increase of
overweight and obesity increase the risk of periodontitis. Furthermore, when excess
of weight is associated with other unhealthy habits, such as smoking and high
consumption of fat and carbohydrates, the risk is even greater. In summary, the
results presented by the articles included in this thesis support the association
between excess of weight and periodontal disease in different stages of life.
Moreover, the findings suggest a causal relationship between overweight/obesity and
periodontal disease in adults.

Key-words: periodontal diseases; obesity; overweight; longitudinal studies; causal
inference
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Apresentacgao




A presente tese de doutorado foi estruturada de acordo com o Manual de
Normas para trabalhos académicos da Universidade Federal de Pelotas. A primeira
secao deste volume é composta pelo projeto de pesquisa, devidamente qualificado
em outubro de 2013, perante banca composta pelos seguintes membros: Prof. Dr.
Flavio Fernando Demarco, Profa. Dra. Maria Cecilia Formoso Assungao, e Profa.
Dra. Fernanda de Oliveira Bello Corréa. A versao incluida neste volume contempla
as sugestdes feitas pela banca examinadora.

Posteriormente ao projeto de pesquisa, é apresentado o relatério do trabalho
de campo, no qual sao descritas as atividades realizadas pelo doutorando durante o
periodo do doutoramento. Nesta se¢cdo também esta descrita a justificativa para as
mudangas relativas ao projeto de pesquisa inicialmente proposto e para inclusdo de
novos artigos. Adicionalmente, encontra-se nesta seg¢ao o relato sobre as atribuigdes
do doutorando na supervisdo e no trabalho de campo do estudo de saude bucal
conduzido em 2013/14 com os membros da coorte de 1982, além das suas
atividades durante seu periodo de estagio no exterior.

A terceira segdo deste volume é composta por seis artigos cientificos: um
artigo de hipoteses, dois artigos de revisao e trés artigos originais. Estes artigos,
além de achados cientificos, evidenciam a trajetéria do doutorando durante seu
periodo de doutoramento. Assim sendo, o primeiro artigo deste volume demonstra o
primeiro contato do doutorando com o tema desta tese. O desenho amostral menos
complexo favoreceu a compreensdo do tema e das possiveis relacbes entre
obesidade e doencga periodontal. O segundo artigo reflete hipéteses trazidas pelo
doutorando no momento de idealizacdo do projeto de pesquisa inicialmente
proposto. O primeiro artigo de revisao, por sua vez, apresenta evidéncias do efeito
do tratamento periodontal nos parametros clinicos e imunoldgicos periodontais de
individuos obesos, enquanto o segundo artigo de revisdo demonstra o efeito do
ganho de peso na incidéncia de periodontite. Finalmente, os dois ultimos artigos
originais evidenciam o efeito da obesidade sobre desfechos periodontais em dois
estudos longitudinais a partir de abordagens analiticas de inferéncia causal. O quinto
artigo demonstra o efeito direto da obesidade em desfechos periodontais em uma
coorte de adultos da cidade de Florian6polis/SC (EpiFloripa) por meio de Marginal

Structural Model com inverse-probability weighting. Finalmente, o ultimo artigo que



compdbe este volume estima o risco a periodontite na coorte de Pelotas de 1982.
Além disso, simulam-se intervengdes hipotéticas nesta populagdo por meio da g-
formula paramétrica. Assim, fica evidente, ao longo do volume, a tematica comum a
todos os artigos, assim como o aumento da complexidade analitica dos artigos
apresentados.

Por fim, na ultima se¢ao deste volume constam as consideracgdes finais sobre

os achados comuns dos artigos deste volume.
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Resumo

NASCIMENTO, Gustavo Giacomelli. Doengas periodontais e trajetéria de
obesidade ao longo da vida: estudo em uma coorte de nascimentos. 2013.
147p. Projeto de tese (Doutorado) — Programa de Pds-graduagao em Odontologia,
Universidade Federal de Pelotas, Pelotas, 2013.

As condicdes bucais mais prevalentes e importantes sao cumulativas e cronicas na
sua natureza, sendo necessario um longo periodo para a sua ocorréncia. Os
estudos com delineamento de coorte prospectiva caracterizam-se como os melhores
desenhos metodolégicos para o estudo destas condi¢des. Os estudos de coorte com
desfechos clinicos de saude bucal sdo escassos, sendo as coortes de Pelotas, as
Unicas situadas em pais de média e baixa renda com estudos publicados. A
literatura tem demonstrado haver relacbes entre as doencas sistémicas e as
doencgas bucais com resultados inconclusivos. Tem sido investigada a associagao
entre a obesidade e as doencas periodontais, uma vez que parecem haver fatores
biolégicos, comportamentais e sociais envolvidos nesta possivel relagdo. Os fatores
biolégicos parecem estar ligados a elevagdo de algumas citocinas inflamatérias
secretadas pelo tecido adiposo branco e pelos macrofagos nele infiltrados, como IL-
1, IL-6 e TNF-q, essenciais ao inicio e a progressao das doengas periodontais. Em
relacdo aos aspectos psicossociais, acredita-se que individuos provenientes da
posicao socioecondbmica mais baixa possuem risco maior ao desenvolvimento de
ambas condicdes, além de apresentarem habitos de autocuidado mais negligentes,
acentuando a possivel relagao entre as condi¢gdes. Apenas um estudo na literatura
avaliou o efeito de episddios de obesidade ao longo da vida, encontrando apenas
associacdo com calculo dentario. Entretanto, ndo ha estudos que testem o impacto
da obesidade de acordo com as trés principais teorias do ciclo vital nas doencas
periodontais. Assim, o presente trabalho tem como objetivo estudar a influéncia da
trajetéria da obesidade ao longo da vida nas doengas periodontais na vida adulta.
De todos os individuos nascidos em 1982, uma subamostra de 720 pessoas €&
pertencente ao Estudo de Saude Bucal-06, sendo estes, clinicamente examinados
aos 31 anos. Em relacdo a saude periodontal, serdo avaliados a presenca de
sangramento gengival, de calculo dental e sera mensurada a perda de insergéo
clinica. Os exames serao realizados nos domicilios dos participantes por cirurgides-
dentistas devidamente calibrados e treinados. Variaveis, demograficas,
socioeconOmicas, comportamentais e de saude bucal serdo coletadas pela
aplicacdo de questionario padronizado e testado previamente em outros estudos
epidemioldgicos. As condicbes de saude geral, como peso, altura, circunferéncia
abdominal, uso de servicos de saude e auto avaliacdo de saude serdo obtidas do
levantamento de saude geral ocorrido no ano de 2012. Para analise da trajetoria da
obesidade serdo utilizados os valores de indice de Massa Corporal aos 4, aos 15,
aos 23 e aos 31 anos de idade, e os valores de Circunferéncia Abdominal aos 15,
aos 23 e aos 31 anos de idade. Para doenca periodontal serdao adotados dois
desfechos principais: presenga de sangramento gengival, e perda de insergéo clinica
de acordo com critério estabelecido tanto pelo Centro de Prevencédo e Controle de
Doengas — Academia Americana de Periodontia quanto pelo grupo de Estudo
Multidisciplinar de Saude e Desenvolvimento de Dunedin, Nova Zelandia. Todos os
dados serao avaliados pelo software Stata versdo 12.0 incluindo analises descritivas
(frequéncias absolutas e relativas); bivariadas (teste Qui-quadrado para variaveis
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categodricas nominais e Qui-quadrado de tendéncia linear para variaveis ordinais) e
multivariaveis com adocédo de modelos hierarquicos.

Palavras-chave: doencga periodontal, obesidade, trajetoria, marcadores biolégicos,
estudo de coorte.
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1 Introducgao

A epidemia de obesidade tem acometido tanto paises de alta renda quanto
paises de média e baixa renda e tem gerado preocupacdo nas agéncias de saude
mundiais, uma vez que esta condicido possui relevante impacto na morbidade, na
mortalidade e nos gastos de saude (WHO, 2000). A Organizagdo Mundial de Saude
(OMS) reconheceu a obesidade como um fator predisponente a diversas doengas
cronicas, como doengas cardiovasculares e cancer. Dados do sistema de Vigilancia
de Fatores de Risco e de Protegcdo para Doencas Crdnicas por Inquérito Telefénico
do ano de 2012 (VIGITEL) demonstraram que aproximadamente 50% da populagéo
das capitais brasileiras acima de 18 anos estd com excesso de peso. Quando
avaliam-se somente os dados relativos a obesidade, sem considerar o sobrepeso,
17% da populacdo encontra-se nesta condigdo. Fatores comportamentais, como
habitos dietéticos e pratica de atividade fisica, e nivel socioecondmico estéo
intimamente ligados a esta condicéo (VIGITEL, 2013).

As doengas periodontais sdo doengas crbnicas, de origem inflamatdria
causada essencialmente por microrganismos especificos (ARMITAGE, 1999). A
progressdo destas doengas esta intimamente ligada a interagdo entre o sistema
imune do hospedeiro e a carga bacteriana presente nos sitios acometidos (LAINE et
al., 2013). Condicdes sistémicas como diabetes e obesidade tém sido apontadas
como fatores de risco as doengas periodontais, uma vez que ha um desequilibrio
nesta relagdo de interagdo (GENCO; BORGNAKKE, 2013). Dentre as condigbes
periodontais, destacam-se a gengivite induzida por biofilme bacteriano e a
periodontite cronica, as formas mais prevalentes na populagdo. A gengivite é
caracterizada pelo inflamagédo gengival causada pela presenga do biofilme, com
posterior crescimento do contorno gengival, coloragdao avermelhada acentuada e
sangramento apés estimulo (MARIOTTI, 1999). A periodontite crbénica, por sua vez,
caracteriza-se pela perda da insercdo gengival e do osso alveolar, frutos da
inflamagdo gengival e da diminuicdo da resisténcia dos tecidos periodontais a
sondagem (ANDRUKHOV et al., 2013)

A literatura tem reportado haver associacao entre o padrdo corporal e as
doencas periodontais, com maior risco aos individuos com excesso de peso. Estes
estudos, em sua maioria, sdo conduzidos em adultos e em idosos, devido a

cronicidade das doencas periodontais. Poucos estudos, porém, trazem dados
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referentes a adultos jovens, uma vez que, muitas vezes, ndo ha manifestagdo das
doencas periodontais nesta populagcdo especifica. DICKIE DE CASTILHOS e
colaboradores (DICKIE DE CASTILHOS et al., 2012) encontraram associa¢ao entre
obesidade/sobrepeso com presenca de sangramento gengival e de calculo dentario
na coorte de Pelotas de 1982 aos 24 anos, mostrando ja haver efeitos do excesso
de peso no desenvolvimento das doencgas periodontais. Além disso, Al-Zahrani e
colaboradores (AL-ZAHRANI et al.,, 2003) demonstraram que obesidade esteve
associada com maior perda de insergao periodontal apenas entre adultos jovens em
estudo conduzido nos Estados Unidos, reforcando a hipotese de que a associagao
entre perda de insercao clinica e obesidade tem inicio precoce no ciclo vital.

Assim, diante de escassos dados que apresentem informagao sobre a
possivel associagao entre obesidade e DP em individuos jovens, e diante da falta de
estudos que trabalhem com o efeito cumulativo da obesidade ao longo vida sobre as
doengas periodontias, este trabalho objetiva investigar a possivel relagdo entre

trajetérias de obesidade e doenga periodontal em uma coorte de nascimentos.
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2 Revisao da Literatura

2.1 Exposigoes de risco ao longo da vida

A epidemiologia do ciclo vital é definida como o estudo dos efeitos ao longo
prazo de exposicdes fisicas e sociais ocorridas durante a gestacdo, a infancia, a
adolescéncia, ao inicio da vida adulta e seus riscos as doencgas crbnicas (KUH;
BEN-SHLOMO, 2004). Estes estudos buscam estabelecer relagdes causais entre
exposicdes e desfechos, levando em consideracao a duracido e o tempo de
desenvolvimento da doenga (KUH; BEN-SHLOMO, 2004). As doengas crdnicas,
incluindo as mais prevalentes doencas bucais, devido a sua natureza, se
desenvolvem depois de um periodo relativamente longo, o que gera um desencontro
entre a exposigao, o inicio da doenga e os primeiros sinais clinicos (NICOLAU et al.,
2007). Estes fatos sugerem que as exposi¢gdes ocorridas no inicio da vida podem
desempenhar um importante papel no desenvolvimento de doencgas, antes de haver
qualquer manifestacao clinica da condicdo. Além disso, o fato de que muitos fatores
de risco possuem sua propria historia natural reforca a relevancia do tempo no
estudo do desenvolvimento de doenga crénicas (KUH; BEN-SHLOMO, 2004).

Considerando a variedade e o numero de exposi¢des ao longo da vida, e a
importancia da duracdo e do periodo do ciclo vital, a relacdo entre exposicao e
desfecho n&o ocorre de maneira linear. KUH e BEN-SHLOMO (2004) sumarizaram
os principais modelos para esclarecer o entendimento da relacdo entre a exposicao
e o desfecho ao longo da vida. O modelo de programacgéo biolégica preconizado por
Baker é a primeira formulagdo de teoria do modelo do periodo critico (BAKER,
1992). Segundo o autor, eventos intrauterinos ou da primeira infancia seriam os
responsaveis pelo aparecimento de doengas ao longo da vida. Assim, o modelo do
periodo critico considera o periodo do ciclo vital da exposi¢gdo como a pecga chave da
teoria. A ideia é que a exposicao, durante um especifico periodo do crescimento ou
do desenvolvimento, fisicamente altera algumas estruturas fundamentais do sistema
corporal, resultando em um dano irreversivel levando ao posterior desenvolvimento
de determinada doenga. (KUH; BEN-SHLOMO, 2004).

O segundo modelo, periodo critico com efeito modificador, considera que as
exposi¢coes ocorridas nos primeiros estagios da vida interagem com exposigdes ao

longo da vida, aumentando ou diminuindo o risco ao desenvolvimento de doengas
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cronicas. Isto sugere que fatores ocorridos tardiamente podem modificar o risco
ocorrido precocemente (KUH; BEN-SHLOMO, 2004). Diferentemente destes dois
modelos, o0 modelo de acumulo de risco sugere que as injurias sao acumuladas
incrementalmente ao longo vida, e que, apos determinados eventos, levam a
episodios de adoecimento, juntamente com condigdes e comportamentos adversos,
potencializando o risco para o desenvolvimento de doencgas crbnicas (KUH; BEN-
SHLOMO, 2004). Este mecanismo cumulativo propde que o numero, a duragéo e a
severidade da exposigdo geram um dano cumulativo ao sistema biologico. De
acordo com KUH e BEN-SHLOMO (2004) este acumulo pode ser causado por
exposi¢coes independentes, ou seja, o individuo é exposto a uma série de eventos
desconexos em cada estagio especifico de vida, e estas exposi¢dbes combinadas
potencializam o risco para o desenvolvimento de doencas crdnicas. Entretanto,
autores tém sugerido que estas exposi¢cdes tenham maior probabilidade de
acontecer de maneira “agrupada” ao longo da vida, constituindo o chamado modelo
de acumulo de risco com risco agrupado.

O modelo de cadeia de risco € outra versdo do modelo de acumulo de risco,
caracterizado por eventos em cadeia, onde uma exposicao adversa/benéfica leva a
outra exposicao benéfica/adversa. Este quadro dindamico propde uma interacéo entre
fatores intrinsecos como recursos sociais individuais e comportamentos, e entre
fatores extrinsecos como influéncia sociocultural, material, e estrutura familiar.
Embora os processo de risco intrinsecos ndo sejam ignorados, este modelo enfatiza
0 processo de riscos extrinsecos, sugerindo que os eventos externos afetam a
chance de um individuo experimentar eventos futuros subsequentes, que tendem a
gerar mudangas no risco para o desenvolvimento de doengas crénicas (KUH; BEN-
SHLOMO, 2004). NICOLAU e colaboradores (2007) aplicaram os diferentes modelos
propostos as doengas crénicas em saude bucal, como demonstrado na Fig. 1.

Os modelos propostos por KUH e BEN-SHLOMO (2004) sdo uma tentativa de
esclarecer o quadro altamente complexo e dinamico do ciclo vital. Estes modelos
nao sao exclusivos, e pressupde-se que a combinacao total ou parcial deles sao o

ponto chave desta interacéao.
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(@) | Herpes Virus -------------------------- » | Shingles
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(c) | SES | ————— poor oral hwloq diseases
Infections J/

(d) | SES — Family violence —» Aggressive behavior — Trauma

The life course >
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Figura 1 - Esquema exemplificando os diferentes modelos entre exposicbes precoces e doencas
crbnicas gerais e bucais. Modelo do periodo critico (Herpes virus: virus do herpes; Shingles:
herpes zoster) (a); Modelo do periodo critico com efeito modificador (Maternal
undernutrition: Desnutricdo materna; LBW: baixo peso ao nascer; Obesity: obesidade;
Diabetes: debates mellitus) (b); Modelo do acumulo de risco agrupado (SES: posi¢ao
socioecondmica; Smoking: fumo; Poor oral hygiene: higiene bucal deficiente; Infections:
infecgbes; Periodontal diseases: doengas periodontais) (c); Modelo de cadeia de risco (SES:
posicdo socioecondbmica; Family violence: violéncia familiar; Aggressive behavior:
comportamento agressivo; Trauma: trauma) (d). Retirado de NICOLAU et al., 2007.

2.2 Doengas Cronicas nao Transmissiveis

A transicdo demografica, descrita como uma alteracdo na estrutura
populacional associada ao desenvolvimento socioecondmico, é acompanhada de
um fenbmeno denominado transicéo epidemiolégica, caracterizado pela mudanga no
padrdo da distribuicdo das doencas na populagdo, em fungcdo do maior
envelhecimento, caracteristico da transicdo demografica (POPKIN, 2006). Associado
a isto, observa-se também a alteracdo nos padrdes dietéticos e nutricionais,
associados ao aumento na prevaléncia de doencgas crénicas (AMUNA; ZOTOR,
2008).

As doengas cronicas nao transmissiveis (DCNT) representam um problema

de saude publica de ordem nacional e mundial (SCHMIDT et al., 2011). Segundo
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dados da Organizagdo Mundial da Saude (OMS), as DCNT, que no passado,
acometiam, especialmente, paises desenvolvidos, sdo a causa para cerca de 80%
das mortes em paises de baixa e de média renda (WHO, 2005). No Brasil, a
realidade esta proxima a estimativa feita pela OMS, uma vez que, em 2007, as
DCNT foram responsaveis por aproximadamente 70% dos obitos no pais
(SCHMIDT, et al., 2011). Compreende-se que esta mudanga ocorreu em um
contexto de desenvolvimento econdmico e social, marcado pela melhoria das
condicbes de saude da populacdo. Aliados a isto, o crescimento da renda, a
industrializagdo, o maior acesso aos alimentos processados e a globalizagdo de
habitos ndo saudaveis contribuiram para que ocorresse uma relevante transicao
nutricional, condigdo de risco as DCTN (SCHMIDT, et al., 2011). Estas condigdes,
além de terem um importante impacto na qualidade de vida da populacdo, ainda
acentuam problemas de ordem social, contribuindo para o aumento da pobreza e
das desigualdades, uma vez que, estas doengas representam o maior custo de
internagdes hospitalares no ambito do Sistema Unico de Saude (SCHMIDT, et al.,
2011).

A expressao das doencas de natureza cronica ocorre apds décadas do inicio
a exposicao aos seus fatores de risco, e é precedida de complexas alteracbes
biolégicas conhecidas como sindrome metabdlica (ALBERTI et al., 2009). Dentre as
alteragdes, destacam-se hipertensdo arterial sistémica, elevados niveis de
triglicérides, baixos niveis de colesterol HDL (high density lipoprotein) e obesidade,
sobretudo, central. Nao bastassem estas condi¢des, associam-se ainda habitos de
vida nao-saudaveis, como etilismo, tabagismo e sedentarismo, elementos de risco
ao desenvolvimento das doencas crdnicas nao transmissiveis. Mesmo com o
elevado numero de evidéncias demonstrando esta relacdo, o mecanismo de
fisiopatologia ainda apresenta pontos a ser explorados e explicados nestas
condi¢coes (BUETTNER; SCHOLMERICH; BOLLHEIMER, 2007).

2.3 Obesidade

Dentre as alteragdes da denominada Sindrome Metabdlica, destaca-se a
obesidade. Esta condicado caracteriza-se por danos a condi¢ao de saude causados
pelo acumulo excessivo ou anormal de gordura corporea (KOPELMAN, 2000). A

obesidade ndo pode ser considerada como uma simples desordem, mas sim, um
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grupo heterogéneo de condi¢des com multiplas e complexas causas. O peso
corporal €, entdo, determinado pela interagado entre fatores biolégicos, ambientais,
sociais e comportamentais, agindo na regulagao entre o armazenamento e o gasto
energético.

Diversas sao as causas atribuidas a etiologia da obesidade, destacando fatores
psicossociais, comportamentais e biolégicos. Embora o componente genético tenha
um papel inquestionavel na etiologia da obesidade, o notavel aumento na
prevaléncia desta condicdo pode ser melhor explicado por mudancas sociais e

comportamentais, resultados da transicdo sociodemografica (KOPELMAN, 2000)
(Fig. 2).

Genes
Monogenic syndromes Susceptibility genes
Obesity
Metabolic rate Culture
Excercise Food intake

Environmental factors

Figura 2 - Fatores influenciadores ao desenvolvimento da obesidade (Monogenic syndromes:
sindromes monogénicas; Susceptibillity genes: susceptibilidade genética; Culture:
cultura; Food intake: ingestdo de alimentos; Excercise: atividade fisica; Metabolic rate:
taxa metabdlica). Retirado de KOPELMAN, 2000.

A epidemia da obesidade era uma realidade predominante dos paises ricos e
desenvolvidos (ALVES et al., 2013). Ao passo que paises de baixa e de média renda
comegam a se tornar mais globalizados, ha uma mudanga consideravel no padréao
nutricional, e nos habitos de vida, acarretando, consequentemente, uma significante
elevagao da prevaléncia desta doenga. Assim, apds a década de 1990, a obesidade
assume taxas nunca antes observadas, e continuadamente crescentes (POPKIN,
2006). Nos paises de alta renda, como Reino Unido, Australia e Estados Unidos, a
obesidade atinge mais de um tergo da populagdo, e taxas semelhantes sao
observadas em paises em de renda média, como México e Africa do Sul (POPKIN,

2006). Outro dado que chama a atengcdo € o crescimento desta doenga nestes
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paises, chegando a uma taxa de aumento anual superior a 1%. Nos Estados Unidos,
de acordo com avaliagdo nacional (NHANES), estima-se que em 2015, cerca de
75% da populagao apresentara obesidade ou sobrepeso (WANG; BEYDOUN, 2007)
(Fig. 3).

No Brasil, dados da Pesquisa de Orgamentos Familiares (POF 2008-2009)
revelaram que aproximadamente 50% da populacido adulta apresenta sobrepeso, e
cerca de 15% esta obesa. Os dados deste levantamento permitem também observar
a mudanca nos habitos nutricionais dos brasileiros, com aumento consideravel no
consumo de lipideos totais e acidos graxos saturados, aliado a diminuigdo no
consumo de frutas, hortalicas e leguminosas (LEVY-COSTA et al., 2005). Além
disso, observou-se um aumento substancial na ingesta de alimentos altamente
processados, de alto teor energético e elevada composi¢cdo de agucares e acidos
graxos saturados (MONTEIRO et al., 2011). Essa alteragdo no padrao alimentar dos
brasileiros € evidenciada pela crescente prevaléncia ndo somente das DCNT, mas
também do excesso de peso da populagéo (LEVY-COSTA, et al., 2005). Dados do
sistema de Vigilancia de Fatores de Risco e de Protegao para Doengas Crdnicas por
Inquérito Telefénico para o ano de 2012 (VIGITEL, 2013) demonstram que 51% da
populagdo adulta, acima de 18 anos, esta com excesso de peso em 2012, um
aumento de 8 pontos percentuais desde o ultimo levantamento em 2006. Os dados
ainda mostram que ha uma diferenga na distribuicido desta condicdo de acordo com
0 género: enquanto em mulheres o excesso de peso atinge 48%, entre os homens,
este percentual chega a 54%. Ha também uma variagdo de acordo com a faixa
etaria dos entrevistados, aumentando de 28% na faixa etaria dos 18 aos 24 anos
para 55% na faixa dos 35 aos 44 anos. Na cidade de Pelotas, em recente estudo,
observou-se também o aumento consideravel dos indices de obesidade e
sobrepeso, especialmente nos ultimos anos, acompanhando a tendéncia nacional e
mundial (LINHARES et al., 2012). Os autores encontraram uma prevaléncia de
obesidade (IMC = 30kg/m?) de 21,7% entre os homens e de 29,2% entre as

mulheres.
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Figura 3 - Taxas de prevaléncia de obesidade (IMC = 30) passadas, atuais e projetadas (1960 a
2025) para os Estados Unidos, Inglaterra, Pais de Gales, llhas Mauricio, Australia e Brasil.
KOPELMAN, 2000.

O VIGITEL 2013 apresenta ainda dados de acordo com o sexo e com a
escolaridade dos brasileiros. Aproximadamente 45% das pessoas com 12 anos ou
mais anos de estudo apresentaram consumo regular de frutas e de hortaligas,
enquanto, entre aqueles que estudaram até oito anos, o percentual reduz para 29%.
Ainda, o consumo de gordura saturada foi mais comum entre as pessoas com menor
escolaridade: 32% comem carne com excesso de gordura e 53% bebem leite
integral regularmente. Entre a populagdo com maior escolaridade, os percentuais
registrados estdo abaixo da média nacional, com 27% e 47%, respectivamente. O
inquérito ainda demonstrou menores frequéncias de obesidade e de sobrepeso entre
os individuos com maior escolaridade, assim, o crescente aumento da escolaridade
dos brasileiros registrado nos ultimos anos pode representar uma expectativa

positiva em relagao ao controle destas condigdes.

2.3.1 Mensuragao da massa lipidica corpérea

Diversas técnicas podem ser empregadas para a determinagdo da
distribuicdo da gordura corpérea. Entre as mais utilizadas em estudos
epidemioldgicos, destacam-se o indice de massa corporal (IMC), a relagao cintura-
quadril (RQC), a determinagdo da circunferéncia abdominal (CA) e o método de

bioimpedancia.
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O indice de massa corporal consiste em um valor calculado por meio da
férmula: peso (Kg)/altura ao quadrado (m). A partir deste valor, faixas pré-
determinadas indicam o padrao corporeo do individuo acima de 19 anos — Abaixo de
18,5: déficit de peso; 19 a 24,9: peso normal ou saudavel; 25 a 29.9: sobrepeso grau
1; 30 a 39.9: obesidade ou sobrepeso grau 2; acima de 40: obesidade mdrbida ou

sobrepeso grau 3 (KOPELMAN, 2000). Para criangas e adolescentes, o calculo do

IMC deve ser feito pelo escore Z relativo a idade e ao sexo do sujeito (WHO, 2007).

Esta classificagdo graduada do padrao corpéreo fornece uma importante informagao
sobre o aumento da gordura corporal. Isto permite significantes comparagdes intra e
inter populacionais, além de permitir a identificacdo de individuos e de grupos de
risco. Este indice também possibilita o estabelecimento de prioridades para
intervencao a nivel individual e coletivo, propiciando uma posterior avaliacido da
efetividade das intervengbes propostas (KOPELMAN, 2000). Como principais
limitacbes deste indice, destacam-se sua incapacidade de distincdo entre massa
adiposa e massa magra (tecido 6ésseo e muscular), e de identificagdo localizagao da
massa adiposa no organismo (SNIJDER et al., 2006).

O acumulo excessivo de gordura na regido abdominal esta intimamente
ligado a deposicdo de tecido adiposo nas visceras, sendo a obesidade visceral
considerada um importante fator de risco a doencas cadiovasculares -
hiperglicemia, assim como a elevagao do nivel sérico de triglicerideos (LINHARES et
al., 2012). A circunferéncia abdominal consiste na medida da circunferéncia
localizada no ponto médio entre a parte inferior da ultima costela e a parte superior
da pelves. Ja a relacdo cintura-quadril representa a razdo entre a circunferéncia
abdominal e a circunferéncia do quadril. Ambas medidas fornecem informagdes mais
precisas sobre a localizagdo gordura corporal, pois possui boa capacidade de
estimar a gordura visceral intra-abdominal (SNIJDER, et al., 2006). Para CA ha a
definicdo dos seguintes pontos de corte, com distingdo entre os sexos: normal ou
eutréfico (homem <94cm, mulher <80cm); grau 1 (homem 294cm e <102cm, mulher
>280cm e <88cm); grau 2 (homem =102cm, mulher 288cm) (LEAN; HAN;
MORRISON, 1995). Ja para a RCQ, a literatura sugere que sejam classificados
como obesos homens que apresentem valores maiores ou iguais a 0,90 e mulheres
0,80 (SUK et al., 2003). Outro indice que esta amplamente sendo utilizado em

paises de alta renda é a relagéo cintura-altura (RCA). Este método trabalha somente
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com a gordura abdominal, uma vez que consiste em estabelecer como categoria de
risco individuos que apresentem valor de circunferéncia abdominal maior que a
metade do valor da altura. Desta forma, este método tem sido apontado como o
mais simples e preciso, uma vez que a altura do individuo é constante, e a uUnica
variavel é a medida circunferéncia abdominal (HSIEH; YOSHINAGA, et al., 1995).
Sua desvantagem consiste na ndo determinagdo da gordura visceral, ja que apenas
mede o didmetro abdominal. Segundo estudo que comparou as principais formas de
mensuragao da gordura corporal (IMC, CA, RCQ, RCA), indicou que ha diferengas
para sensibilidade e especificidade das formas de mensuracio entre os sexos: para
homens, os métodos mais precisos foram CA e RCQ; ja para mulheres, CA e RCAIt
(BENER et al., 2013).

A bioimpedancia é um método rapido, barato e nio-invasivo de avaliacdo da
composi¢cao corporal, sendo assim, extremamente indicado para estudos
epidemiologicos (LINTSI, KAARMA et al., 2004). Esta técnica baseia-se no principio
de que os componentes corporais oferecem resisténcia diferenciada a passagem da
corrente elétrica. A resisténcia € uma funcao do formato do corpo, conteudo e
volume dos tecidos condutivos. Sendo assim, massa magra e massa gorda
conduzem corrente de forma diferente, principalmente por diferencas na quantidade
de agua desses tecidos. Primeiramente, a bioimpedancia estima a quantidade de
agua corporal total. A seguir, conhecendo-se o nivel de hidratagdo da massa magra
pode-se calcular a quantidade de massa magra e consequentemente a massa

gorda.

2.3.2 Tecido adiposo e seu papel no sistema imune

O tecido adiposo humano € constituido pelo tecido adiposo branco (TAB) e
pelo tecido adiposo marrom (TAM). O TAB, localizado perifericamente nas regides
subcuténea e visceral, armazena energia na forma de triglicérides, participando da
regulagdo do balango energético mediante processos de lipogénese e de lipdlise. O
TAM, por sua vez, é localizado no sistema nervosa central, apresentando funcdes
termogénicas fruto do maior numero de mitocondrias existentes em sua estrutura
(KERSHAW; FLIER, 2004).

Evidéncias tém demonstrado que o TAB, antes reconhecido érgéo passivo de

acumulo de energia, € um importante érgéo de fungao enddcrina metabolicamente
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ativo, capaz de secretar e de expressar diversas substancias bioativas, adipocinas,
com acéo local e sistémica (KERSHAW; FLIER, 2004, TILG; MOSCHEN, 2006).

A resposta inflamatdria classica representa uma reacdo aguda frente ao
desafio infeccioso ou ao dano tecidual, tendendo a evoluir para a homeostase, uma
vez removido seu agente causador (MEDZHITOV, 2008). Entretanto, ha uma
alteracao deste processo classico diante do quadro de obesidade, ja que n&o ha
manifestacdo dos sintomas tipicos — calor, tumor, rubor, dor e perda de funcdo —
caracterizando-se por uma reagao crénica de baixa intensidade (HOTAMISLIGIL,
2006). Aliado a isso, inclui-se em seu desenvolvimento habitos relacionados a
habitos de vida, como a pratica de exercicios fisicos e a qualidade da dieta (EGGER,;
DIXON, 2010).

Esta resposta inflamatéria alterada esta intimamente relacionada com a
hipertrofia do tecido adiposo, especialmente o TAB, responsavel pela produgcao de
uma gama de citocinas, em sua maioria pro-inflamatérias, como a IL (interleucina)-
18, a IL-6, o fator de necrose tumoral (TNF)-a e a proteina quimiotatica para
mondcitos (MCP)-1, e de adipocinas, como a resistina e a leptina (CANCELLO;
CLEMENT, 2006). Concomitante a isto, a obesidade também estd associada a
diminuigdo na produgao de adiponectina, adipocina usualmente considerada um
importante fator de propriedades anti-inflamatérias (STEFAN; STUMVOLL, 2002).

Ainda ndo ha evidéncias sobre a relagdo causal entre a obesidade e a
inflamacdo. Em tese, assume-se que a inflamacdo é um estado consequente a
obesidade, embora alguns autores suportem a hipotese de a obesidade ser o
resultado de uma doenca inflamatdria. De fato, sabe-se que obesidade e inflamacéao
estdo associadas, e apresentam condicdo ciclica no agravamento de ambas,
estabelecendo uma relagao de retroalimentacdo (CANCELLO; CLEMENT, 2006).

Algumas teorias tentam explicar a origem da infamacéao crénica na obesidade
(NEELS; OLEFSKY, 2006). Acredita-se que o ganho de peso leve a hipertrofia dos
adipdcitos, comprimindo, assim, os vasos sanguineos, dificultando o adequado
suprimento do tecido adiposo (XU et al., 2003). Desta forma, ocorreria hipoxia local,
com a sequente morte de células adiposas, sendo este quadro, entdo, responsavel
por desencadear a cascata de sinalizacdo inflamatéria, e o processo de
angiogénese, para formacdo de novos vasos no local (LOLMEDE et al., 2003).
Entende-se que a condicdo de hipoxia per se seja suficiente para estimular a

quimiotaxia de macréfagos e para induzir a expressdo de genes pro-inflamatérios.
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Portanto, a elevacao dos niveis dos marcadores pro-inflamatoérios observados na
obesidade — TNF-q, IL-1, IL-6, MCP-1 — seria proveniente da producio destes pelos
préprios adipdcitos e pelos macrofagos infiltrados em resposta a hipoxia
(CANCELLO; CLEMENT, 2006) (Fig. 4). Concomitante a estas alteragdes, os fatores
secretados pelo TAB acabam estimulando a produ¢do de marcadores pro-
inflamatoérios agudos em outros 6rgaos, como a proteina C-Reativa (PCR),
produzida no figado pelo estimulo da IL-6 secretada pelos adipécitos (MOHAN et al.,
2005).
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Figura 4 - Itinerario do macrofago na infiltragdo tecidual. (A) Infiltrado macrofago ocorre apds
rolamento e inser¢cao dos mondcitos ativados por células endoteliais. Estes monécitos, apds
diapedese se diferenciam em macrofagos. Inter-relagcdo entre adipécitos, macrofagos, e
células endoteliais podem agravar o estado inflamatério, resultando em aumento na
secrecao de citocinas pro-inflamatérias, adipocinas e fatores angiogénicos. (B) Expansao do
tecido adiposo durante o ganho de peso, ocasionando hipdxia dos adipdcitos. Macréfagos
localizados predominantemente ao redor dos adipdcitos. Retirado de NEELS; OLEFSKY,
2006.
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A proteina C-Reativa (PCR), de origem hepatica, € um marcador inespecifico

de inflamacéo sistémica associada a fase aguda de resposta frente ao estimulo
causador. Atualmente, este marcador tem sido estudado a exaustdo, uma vez que
ele além de apresentar-se como forte candidato da ligagédo entre o processo
inflamatorio crénico e o processo aterosclerético (DANESH et al.,, 2004), ainda
apresenta propriedades pro-inflamatérias (DASU et al.,, 2007). Esta proteina, em
ensaios altamente sensiveis, tem demonstrado ser um relevante preditor para
eventos cardiovasculares, especialmente quando seus elevados niveis persistem
por periodos cronicos associados a outros fatores de risco, como fumo e
sedentarismo (NAZMI et al., 2010). Na obesidade, esta proteina tem sua produgéo
estimulada pela IL-6 produzida pelas células adiposas, sendo o0s niveis deste
marcador diretamente proporcionais ao indice de massa corporal, e a adiponectina,
adipocina com potencial anti-inflamatério (BULLO et al., 2003) (Fig. 5). Assim, é
esperada uma concentracido elevada deste marcador em casos de obesidade,
observando-se sua diminuigdo com a progressiva perda de massa adiposa
(TRAYHURN; WOOD, 2004). A Tabela 1 resume os principais marcadores
biolégicos envolvidos no processo inflamatério da obesidade, com seus efeitos a

nivel local e sistémico.

Infitracdo de macréfagos no TAB por quimiotaxia
¢ por diferencacdo de pré-adipdeitos

=t Expressdo de genes inflamatorios

Elevacao de marcadores inflamatorios
(TNF-a, IL-8, PCR, MCP-1, Leptina,
Resistina) e Diminui¢éo da adiponectina

| |
) l Baixo grau de inflamagao cronica |
| |
Co-morbidades da obesidade
Resisténcia insulinica
Diabetes Mellitus Tipo 2

Hiperiipidemia
Peso Normal Obesidade por hiperplasia e/ou Hipertensdo arterial
hipertrofia de adipocitos Aterogénese

Figura 5 - Relacdo de citocinas pro-inflamatérias envolvidas na obesidade e no processo inflamatério.
Retirado de LEITE et al., 2009.
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Tabela 1 - Relagao de citocinas envolvidas na obesidade e na inflamagao, com seus respectivos
efeitos e comportamentos. Retirado de LEITE et al., 2009.

Adipocinas Comportamento na obesidade Efeitos
TNF-a Aumentado T Produgdo de citocinas
T Lipolise (LLPL, Llipogénese)
1 Captagdo de glicose (L GLUT-4)
Resisténcia insulinica

Propriedades aterogénicas
IL-6 Aumentado Obesidade
T Lipolise
T Resisténcia insulinica
Proteinas hepéticas de fase aguda (PCR)
PCR Aumentado Diretamente proporcional ao IMC
Obesidade e risco de diabetes mellitus tipo 2 e doengas cardiovasculares
Inversamente proporcional a adipenectina
MCP-1 Aumentado Proteina quimioatrativa de mondcitos e macréfagos
Papel na infiltrag8o de macréfagos
4 Captagdio de glicose
Resisténcia insulinica
Propriedades aterogénicas
Leptina Aumentado Niveis proporcionais a adiposidade
T Produgdio de citocinas
T Adesdo e fagocitose de macréfagos
Efeito regulador sobre a pressdo sanglinea

Resistina Aumentado T Resisténcia insulinica
Adiponectina Diminuido Agdo antinflamatdria
T Sensibilidade 4 insulina
Favorece a oxidacio dos AG

Atenua a progressao de aterosclerose

2.4 Doengas Periodontais

Ha diversas classificacbes para as doencgas periodontais, sendo as formas
mais prevalentes, a gengivite induzida por biofilme bacteriano e a periodontite
cronica (ANDRUKHOQV et al., 2013). A gengivite induzida por biofilme bacteriano tem
como condi¢cdo a presenga do biofilme para iniciar ou exacerbar a severidade da
doencga. Esta situagcdo € caracterizada pela inflamagdo da gengiva marginal,
apresentando crescimento do contorno gengival, coloracdo avermelhada acentuada,
aumento do exsudato gengival e sangramento apds estimulo. Seus sinais clinicos e
sintomas estao associados com niveis de insercdo estaveis, sem perda da insergao
clinica. A reversao da gengivite induzida por biofilme bacteriano se da pela remogéao

do fator etioldgico, destacando a reversibilidade da condicdo inflamatéria
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(MARIOTTI, 1999). A periodontite crbnica caracteriza-se pela inflamagéo gengival
com sangramento a sondagem na area da bolsa gengival, associada a diminuigéo
da resisténcia dos tecidos periodontais a sondagem, o que leva a formagao da bolsa
periodontal, juntamente com a perda da insergdo gengival e do osso alveolar (CAL).
A progressdo desta doenga é continua e com breves episédios de exacerbagao
localizada e regressao ocasional, apresentando, assim uma natureza ciclica
(GENCO; BORGNAKKE, 2013).

A periodontite possui origem em uma condigdo inflamatéria crénica dos
tecidos de suporte dos dentes causada por microrganismos anaerobicos gram-
negativos especificos (ARMITAGE, 1999). A progressdao da periodontite é
dependente da interagao entre o sistema imunoldgico do hospedeiro e a carga e a
viruléncia bacteriana (LAINE et al., 2013). Condi¢des sistémicas, como diabetes e
obesidade, podem exacerbar a progressao da doenga, uma vez que promovem
desequilibrio nesta relagdo (GENCO; BORGNAKKE, 2013). Assim,
lipopolissacarideos e outros produtos bacterianos, apds terem acesso aos tecidos
gengivais, iniciam e perpetuam a resposta inflamatéria do hospedeiro, resultando na
elevada producdo de citocinas pro-inflamatérias, as quais contribuem para
destruicdo do ligamento periodontal e do osso alveolar, e futuramente para a
possivel perda do elemento dentario (PUSSINEN et al., 2004).

De acordo com a Academia Americana de Periodontia (AAP), a periodontite
crbénica pode ser clinicamente classificada de acordo com a severidade e a extensao
dos sitios afetados. Para a extensdo da doenca, o a forma localizada envolveria até
30% dos sitios presentes, ja a forma generalizada, mais de 30% dos sitios. A
severidade pode ser diferenciada de acordo com a perda de inser¢ao clinica em leve
(1-2mm CAL), moderada (3-4mm CAL) ou severa (2 5mm CAL) (FLEMMIG, 1999). A
classificagdo desta doenga €& um instrumento utii para a determinacido do
prognostico e para o estabelecimento do plano de tratamento e de manutengao ao
longo prazo.

Para estudos epidemioldogicos, entretanto, ha significante falta de
padronizacéo do diagndstico da periodontite, o que pode representar uma barreira
para a comparagao entre os diferentes estudos (BORRELL; PAPAPANOU, 2005,
LOCKHART et al., 2012). Alguns estudos tém usado uma combinagdo de sinais
clinicos e sintomas, como sangramento a sondagem (BoP), profundidade de

sondagem (PD) e perda de insergao clinica (CAL), associados ao sinal radiografico
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de perda éssea alveolar (LOCKER; LEAKE, 1993). Devido a dificuldade de obtencgéo
de todos estes dados, alguns estudos tém utilizado a combinacédo dos indicadores
da doenga, CAL e PD, sob justificativa de que estas medidas representam tanto o
efeito cumulativo da destruicdo tecidual (CAL), quanto a situagdo atual da doenca
(PD) (ARBES; AGUSTSDOTTIR; SLADE, 2001). Ainda mais complexa € a
determinagcdo dos valores limitrofes usados para a definicdo dos “casos’,
independente dos indicadores usados, assim como as definicbes das doencas
incidentes ou progressivas (BORRELL; PAPAPANOU, 2005). A Associacao
Americana de Periodontia e o Centro para Controle e Prevencdao de Doencas
(Center for Disease Control & Prevention — CDC) tém sugerido que em estudos
epidemioldgicos a seguinte classificagdo da doenga seja seguida: periodontite leve:
= 2 sitios interproximais com CAL = 3mm, e = 2 sitios interproximais com PD = 4mm
(n&o no mesmo dente), ou 1 sitio com PD = 5 mm; periodontite moderada: = 2 sitios
interproximais com CAL = 4mm (ndo no mesmo dente), ou = 2 sitios interproximais
com PD = 5mm (ndo no mesmo dente); periodontite severa: = 2 sitios interproximais
com CAL = 6mm (ndo no mesmo dente), e = 1 sitio interproximal com PD = 5mm
(EKE et al., 2012). Nos estudos provenientes de uma coorte de nascidos vivos da
Nova Zelandia, Shearer e colaboradores (2011) usaram a seguinte definicdo para os
desfechos de doenca periodontal: = 1 sitio com CAL = 4mm; = 2 sitios com CAL 2=
4mm; 2 sitios com CAL = 5mm.

Outra limitacdo que dificulta a comparagdao entre os diferentes estudos
epidemioldgicos, € a adogdo de exames de “boca completa” ou “parcial’. Estudos
epidemioldgicos populacionais de larga escala do tipo survey tém usado o protocolo
de registro parcial, como o National Health and Nutrition Examination Survey
(NHANES 1ll) e o SB Brasil 2010, onde assume-se que estas medidas sao
representativas da situagado bucal completa (ALBANDAR; BRUNELLE; KINGMAN,
1999). Além disso, este tipo de estudo tem como objetivo principal estimar a
prevaléncia e a severidade da doencga, o que permite o uso de protocolo parcial.
Diferentes autores tém documentado que o uso do protocolo de exame bucal parcial
geralmente tende a subestimar tanto a prevaléncia quanto a severidade da doencga
(KINGMAN; ALBANDAR, 2002; PERES et al., 2012), o que poderia representar um
importante viés e uma maior dificuldade em inferir os reais risco e progndstico
(BORRELL; PAPAPANOU, 2005). Como os estudos epidemiolégicos analiticos

buscam estabelecer possiveis fatores mediadores das condicbes periodontais
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tendem a usar o exame de boca completa, como o Estudo de Saude Bucal de 2006
em uma coorte de nascidos vivos na cidade de Pelotas (DICKIE DE CASTILHOS et
al., 2012) e o Estudo Multidisciplinar de Saude e de Desenvolvimento de Dunedin —
Nova Zelandia (SHEARER et al.,, 2011). Assim, fica evidente a necessidade de
uniformizacdo de critérios para determinacdo da prevaléncia e da incidéncia da
periodontite.

A determinacgao da prevaléncia desta patologia em diferentes populag¢des tem
sido impactada pela variagdo nos critérios clinicos de avaliagdo. Nos Estados
Unidos, no NHANES 2009-2010, cerca de 47% da amostra, representando 65
milhdées de adultos, tinha periodontite, distribuida em 8,7%, 30,0% e 8,5% com
severidade leve, moderada e severa respectivamente, gerando preocupagao entre
0s orgaos de saude, como o Centro para Controle e Prevencgédo de Doencgas (Center
for Disease Control and Prevention — CDC) (EKE et al., 2012). Em uma coorte de
nascimentos na Nova Zelandia, foi observado aumento na prevaléncia e na
severidade da doenca periodontal dos 26 aos 32 anos (THOMSON et al., 2006),
com elevagao no numero de sitios com perda de insercido, passando de 30,2% aos
26 anos para 42,4% aos 32, assim como progressdo desta perda em dentes
anteriormente acometidos. Em relagcdo a classificacdo da severidade da doenca,
observou-se 29,3% da amostra apresentava periodontite, sendo 28,8% na sua forma
leve e 0,5% nas formas moderada e severa combinadas aos 26 anos, e 45% da
amostra com periodontite, sendo 41,3% na forma leve e 3,7% aos 32 anos. Os
autores concluiram que ha significante diferengca no padrdo da doencga periodontal
observado, com o avancgo da idade da terceira para a quarta década de vida.

No Brasil, a proporcédo de adultos entre 35 e 44 anos que apresentam perda
de insercdo clinica maior que 4mm ¢é de aproximadamente 18,2%, refletindo a alta
prevaléncia desta patologia entre a populacéo brasileira (BRASIL, 2011). No estudo
de Porto Alegre, realizado por SUSIN e colaboradores (SUSIN et al., 2011), a
prevaléncia de CAL =23mm e de CAL 25mm foi de 50,4% e de 17,4%
respectivamente, entre os 621 individuos examinados com idade entre 14-29 anos.
Na coorte de 1982 de Pelotas, aos 24 anos, os participantes apresentaram
prevaléncia de gengivite, definido como sangramento gengival, calculo dentario e
bolsa periodontal de 37,5%, 87,4% e 3,3% respectivamente (DICKIE DE
CASTILHOS, et al., 2012). Assim, estima-se que de maneira analoga ao ocorrido em

Dunedin, em novo acompanhamento na coorte de nascidos em 1982 haja um
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incremento da carga da doenga, uma vez que os individuos apresentam idade mais
avangada. Destaca-se ainda, a mudanga significativa na estimativa da doenga, uma
vez que ha a adogao de exame de boca completa com mensuracdo de valores

continuos da CAL, dando real dimensao da doenga.

2.5 Hipotética Causalidade entre Obesidade e Doenga Periodontal

A literatura tem evidenciado a associagdo positiva entre as doencas
periodontais e a obesidade (DICKIE DE CASTILHOS et al., 2012; REEVES et al.,
2006). Como a obesidade provoca alteragdes no metabolismo tecidual e celular que
geram alteragdes a nivel sistémico, isto pode levar a modificagdo da doenca
periodontal. Além disso, fatores psicossociais, assim como comportamentais
também parecem explicar esta relacao.

Do ponto de vista biolégico, alguns autores atribuem esta associagédo a
exacerbacdo de citocinas pro-inflamatérias sistémicas nos tecidos periodontais
(CHAFFEE; WESTON, 2010). Sabe-se que o tecido adiposo branco é responsavel
pela secrecao de adipocinas, substancias responsaveis pelo estado de inflamacéao
cronico, assim como pela alteracdo na resposta imunolégica (KOPELMAN, 2000).
Dentre as citocinas presentes no processo inflamatorio, destacam-se o TNF-a e a IL-
6, produzidos por células adiposas e por macrofagos la localizados, e que
desempenha um importante papel na progressdo da periodontite (PRESHAW,;
TAYLOR, 2011). A PCR também parece estar envolvida neste processo, uma vez
que seus niveis encontram-se aumentados em pacientes obesos (BULLO, et al.,
2003) e em pacientes com doencga periodontal (WU et al., 2000). Outras adipocinas,
como a leptina e a resistina, também parecem estar envolvidas nesta interagdo, uma
vez que estas proteinas estdo associadas a secregao de citocinas proé-inflamatorias,
a ativacdo e a manutengao do processo inflamatério (ZIMMERMANN et al., 2013).
Estudos tém apontado que individuos obesos com a presengca de doenca
periodontal apresentam elevados niveis dos marcadores acima, ocorrendo uma
diminuicdo destes valores tanto com o tratamento periodontal, quanto com a perda
de massa adiposa, assim, nota-se o processo de retroalimentagao destas condi¢cdes
(ZUZA et al., 2011).

Ainda, mesmo diante de um quadro pro-inflamatério, individuos obesos

apresentam prejuizo da resposta imune inata, inclusive da resposta inflamatdria,
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frente ao processo infeccioso (SCHMIDT, et al.,, 2011). O reconhecimento dos
patégenos e a consequente produgdo de mediadores inflamatorios por células do
sistema imune inato sao fatores indispensaveis para a efetiva eliminagdo do agente
patogénico (KARLSSON; BECK, 2010). Assim, disfungdes na resposta inata podem
aumentar a o risco e a gravidade das infecgbes. Estudos em seres humanos tém
corroborado estes achados, uma vez que individuos obesos tém apresentado maior
risco a morte por H1N1, além de apresentar maior risco a infeccbes secundarias em
casos de hospitalizagdo (MORGAN et al., 2010).

Esta deficiéncia na resposta imune frente aos desafios infecciosos parece
estar ligada ao inicio e a progressao da doencga periodontal em obesos, uma vez que
doenca periodontal pode resultar em exposicdes sistematicas a bactérias, a
endotoxinas lipopolissacarideas, e a outros produtos bacterianos que influenciam
nao s6 a homeostase, mas também o metabolismo lipidico. Isto porque a area de
superficie total das bolsas em pacientes com periodontite € estimada entre 08 e
20cm?, podendo o sulco gengival comportar cerca de 200mg de biofilme, totalizando
em uma grande quantidade de micro-organismos capazes de constantemente
invadir os tecidos periodontais subjacentes (SOCRANSKY, 1970). A perda de
integridade do epitélio na bolsa periodontal gera regides de ulceragao no interior da
bolsa, oportunizando uma estreita proximidade do biofiime bacteriano com a
circulagao sanguinea (HUJOEL et al., 2001). Ademais, essa constante ruptura do
epitélio da bolsa oportuniza a translocagao bacteriana gerando, consequentemente,
a bacteremia transitéria (DURACK, 1995). Procedimentos como escovagao dentaria
e raspagem periodontal foram suficientes para permitir que bactérias bucais fossem
encontradas na corrente sanguinea, e quanto maior a severidade da doenga, maior
a exposicao e a contagem dos periodontopatdégenos circulantes (SILVER; MARTIN;
MCBRIDE, 1977). Em uma revisdo sistematica, foi observada forte relacdo entre
bacteremia local e escovagao dental diaria, ndo estando esta associagao presente
para o uso do fio dental, independente da condigdo gengival (TOMAS et al., 2012).
Tendo em vista a natureza ciclica da doenca periodontal, com episddios de
exacerbacao e remissao e a constante invasao bacteriana nas bolsas periodontais,
ha uma variagdo nos niveis dos mediadores inflamatdrios, com valores aumentados
nas fases agudas da doenca (WU et al., 2000).

Além de fatores bioldgicos, fatores sociodemograficos parecem estar

envolvidos nesta interacdo, e a relagdo entre posigcdo socioeconbémica e as
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condigdes de saude ja esta bem elucidada na literatura cientifica. A saude bucal tem
sido apontada como um forte marcador socioeconémico e comportamental podendo
ser considerada para o estudo das iniquidades sociais em saude (OLIVEIRA et al.,
2013). Thomson e colaboradores (THOMSON; SHEIHAM; SPENCER, 2012)
afirmaram que a prevaléncia e a severidade das doengas periodontais esta
intimamente ligada a renda familiar e ao nivel educacional materno. A obesidade,
por sua vez, esta também associada ao padrao sociodemografico, onde observa-se
maior prevaléncia desta condi¢cdo nos individuos do padrdo socioecondmico mais
baixo (GIBBS; FORSTE, 2013). Assim, é possivel atribuir parte da variagao
socioecondmica observada na periodontite aos individuos menos favorecidos
financeiramente (THOMSON; SHEIHAM; SPENCER, 2012). Além disso, ambas
doengas compartilham fatores de risco comuns, como tabagismo, consumo de
alcool, habitos nutricionais e estresse psicolégico (GENCO; BORGNAKKE, 2013).
Reeves e colaboradores (REEVES et al.,, 2006) encontraram associagao positiva
entre a obesidade, o estresse psicologico e as doengas periodontais. O estresse
psicoldgico relacionado ao excesso de peso pode afetar habitos de higiene, como
escovagao dentaria, uso de fio dental e procura por servigos de saude (MELLIN et
al., 2002).

O impacto do emagrecimento sobre as condi¢gdes periodontais ainda tem sido
pouco estudado. Por dificuldades metodoldgicas, o acompanhamento da perda de
peso tem sido feita de forma pontual, em periodos apds cirurgia bariatrica, onde ha
acentuada perda de peso em um curto espago de tempo. Os autores tém
demonstrado haver melhora significativa das condi¢gdes periodontais apds a perda
de peso, reforgando a associagdo entre ambas condigdes (PATARO et al., 2012;
LAKKIS et al.,, 2012). Os autores ainda sugerem que o0 emagrecimento nao traz
somente mudangas bioldgicas, mas também comportamentais e psicoldgicas, como
adogao de habitos dietéticos saudaveis, habitos de higiene geral e bucal regulares,
refletindo em maior autocuidado destes individuos.

Ha apenas um estudo na literatura que avaliou o impacto de diferentes
episdédios de obesidade e sua associagdo com sangramento gengival, bolsa
periodontal, e calculo dentario (DICKE DE CASTILHOS et al., 2012). Os autores
trabalharam com medidas de IMC e de CA em trés diferentes periodos da vida de
individuos da coorte de Pelotas de 1982: aos 15, aos 18 e aos 23 anos. Apos ajuste

para possiveis fatores de mediacdo e de confusdo, apresentar dois episddios de
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obesidade demonstrou associacdo com a presenca de calculo dental, um fator de
risco ao desenvolvimento de periodontite ao longo da vida (SUSIN et al., 2011). Este
estudo, porém, apresenta importantes limitacbes em relagdo ao exame periodontal,
uma vez que foi usada uma modificacdo do indice CPl para a mensuragcado da
doenca. Este indice, inicialmente criado para verificar a necessidade de tratamento
periodontal a nivel populacional, apresenta os valores de PS de forma categdrica,
nado dando uma real dimensdo da doenga. Além disso, o unico valor registrado
consiste na PD, e ndo na CAL, o que leva a subestimacido da doenca, uma vez que
nao mede suas sequelas e sua real dimenséo.

Desta forma, faz-se necessaria a avaliagdo da trajetoria de obesidade, por
meio de diferentes episddios ao longo da vida, com dados clinicos de CAL, BoP e
calculo dentario, além de sua possivel relacdo com a incidéncia da doenca em

adultos jovens, uma vez que néo ha estudos na literatura que abordem o assunto.
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3 Hipoteses

Baseado no que foi previamente apresentado, e diante da falta de literatura
que trabalhe com trajetérias de obesidade ao longo da vida, seréo testadas algumas
hipoteses acerca da possivel associacdo entre obesidade e doenca periodontal de
acordo com as teorias do ciclo vital, de maneira semelhante ao realizado por PERES
e colaboradores, quando estudaram a associagdo entre trajetéria da posigcéao
socioeconémica e carie dentaria (PERES et al.,, 2011). Serdo levados em
consideragao trés teorias de exposicdes durante o ciclo vital: teoria do periodo
critico, teoria do periodo critico com efeito modificador e teoria do acumulo de risco.
E importante destacar que a possivel explicacdo entre a associacdo entre obesidade
e doenga periodontal se da por mecanismos biolégicos, comportamentais e sociais,
destacando a complexidade desta relacio.

De acordo com a teoria do periodo critico, evento experimentados na primeira
infancia terdo consequéncias ao longo da vida. Estudos tém sugerido que ser obeso
na infancia é um fator de risco a obesidade e a resisténcia a insulina na vida adulta,
demonstrando a relevancia deste evento quando ocorrido de forma precoce (ADAIR
et al.,, 2013). Desta forma, pressupde-se que criangas obesas terdo aumento da
inflamacao crénica sistémica, e consequentemente, da susceptibilidade a infeccéo
local, levando ao precoce sangramento gengival, fator de risco a periodontite na
idade adulta. Assim, de acordo com esta teoria, espera-se que criangcas que se
encontravam obesas na infancia, independente da perda de peso, tenham maior
carga de doenga periodontal na vida adulta.

Se considerarmos o modelo do periodo critico com efeito modificador,
espera-se que individuos que apresentavam-se obesos na infancia e que
mantiveram esta condicdo na adolescéncia e na fase adulta apresentem maior
severidade de doenga periodontal, tendo em vista os aspectos biologicos e
comportamentais de ambas condi¢cdes. Entretanto, se houver perda de peso durante
a vida, estes individuos apresentaréo carga de doencga periodontal de forma similar
aqueles individuos que nunca apresentaram episodios de obesidade, uma vez que
habitos saudaveis tendem a ser adquiridos, assim como baixa dos niveis
inflamatdrios sistémicos. Espera-se, assim, que a “‘mobilidade” entre as diferentes

composi¢des corporais possa ter influéncia na doenca periodontal.
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Se pensarmos nesta possivel associacdo considerando o modelo de acumulo
de risco, pressupde-se que individuos que experimentaram maior numero de
episddios de obesidade serdo aqueles que apresentardo maior severidade de
sangramento gengival e de perda de insergéo clinica. Isto porque houve um periodo
prolongado de exposigao aos fatores de risco as DP em individuos obesos, levando
ao desenvolvimento e a manutencao de situacdo periodontal desfavoravel. Ainda
considerando este modelo, individuos que emagreceram na adolescéncia terédo
menor severidade de DP que aqueles que emagreceram apenas na fase adulta, pois
os ultimos ficaram expostos tanto a inflamacao cronica quando a habitos nao
saudaveis por um periodo maior que os primeiros. Embora DICKIE DE CASTILHOS
e colaboradores (2012) ndo tenham encontrado associagdo entre episddios de
obesidade e doencga periodontal, espera-se que, com a mudanca da forma de
diagndstico da DP além do envelhecimento dos membros da coorte, esta associagéo

possa ser melhor avaliada.
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4 Objetivos

4.1 Objetivo Geral

Estudar, aos 31 anos, a relagédo entre trajetéria de obesidade e doencga

periodontal na coorte de nascidos vivos de Pelotas de 1982.

4.2 Objetivos Especificos

Estimar a prevaléncia e da doencga periodontal em adultos jovens;

Estimar a prevaléncia de obesidade e sobrepeso em adultos jovens;

Estimar a incidéncia de obesidade e sobrepeso entre os 24 e os 31 anos;

Investigar a associagdo entre perda de inser¢do clinica e sobrepeso,
obesidade central e abdominal;

Investigar a associagao entre sangramento gengival e sobrepeso, obesidade
central e abdominal,

Testar as teorias do ciclo vital na associag&o entre obesidade e sangramento
gengival aos 31 anos;

Testar as teorias do ciclo vital na associacdo entre obesidade e perda de
insercao clinica aos 31 anos;

Conhecer o efeito dos mediadores inflamatérios ligados a associagéo das

doencas periodontais com excesso de peso corporal.
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5 Métodos

5.1 Artigos propostos

Serao propostos inicialmente, como fruto da tese, trés artigos cientificos

publicados em periddicos:

1. Relagao entre marcadores inflamatérios da obesidade e das doengas
periodontais: revisdo sistematica da literatura;

2. Associagao entre trajetéria de obesidade e sangramento gengival na
quarta década de vida: estudo em uma coorte de nascimentos;

3. Associagao entre doenga periodontal e trajetéria de obesidade segundo

teorias do ciclo vital em uma coorte de nascidos vivos.

5.2 Revisao Sistematica

Com o objetivo de identificar os estudos existentes sobre os mecanismos
biolégicos e marcadores inflamatérios relacionados as doengas periodontais e a
obesidade e ao sobrepeso com fatores associados, sera realizada uma revisao
sistematica da literatura nas bases PubMed Central, Literatura Latino-Americana e
do Caribe em Ciéncias da Saude (LILACS), Scientific Eletronic Library Online
(SciELO), Web of Knowledge (IS]). Os seguintes passos serao seguidos: realizagao
de buscas utilizando diferentes estratégias; leitura dos titulos e resumos;
identificacdo de artigos que preencham os critérios de inclusdo e aquisi¢gdo dos
textos na integra. De acordo com a relevancia e adequacgéo ao estudo, os artigos
serao utilizados nesta revisao de literatura.

Para o desfecho serao utilizados os termos Periodontal Diseases, Gingivitis,
Periodontitis, presentes na relagdo de termos Medical Subject Headings (MeSH),
associados com os termos Obesity, Overweight, Body Fat Distribution, Abdominal
Fat, Intra-Abdominal Fat, Obesity, Abdominal. Como descritores das exposi¢cdes
serao usados os termos MeSH interleukin-6, C-reactive protein, adiponectin, leptin,
resistin, tumoral necrosis factor-alpha (tab. 2). Serdo selecionados todos os artigos
publicados em idioma inglés, espanhol ou portugués. Nao serdo usados limites para

a data de publicacéo.
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Em busca preliminar, foram encontrados 205 artigos com a associagéo entre

as doengas periodontais e o padrao corporal. Quando acrescentados os segundos
descritores, a busca totalizou 34 artigos, que terédo seus titulos e resumos avaliados.

A tab. 3 apresenta os principais artigos selecionados e seus resultados.

Tabela 2 - Estratégia de busca no Pubmed

Artigos Artigos
Encontrados  avaliados

#1  ((((((("Periodontal Diseases"[Mesh]) OR -
"Gingivitis"[Mesh]) OR "Periodontitis"[Mesh])))) AND
((((((("Obesity"[Mesh]) OR ("Obesity,
Abdominal"[Mesh]) OR ("Overweight"[Mesh]) OR 205
("Body Fat Distribution"[Mesh]) OR ("Abdominal
Fat"[Mesh]) OR ("Intra-Abdominal Fat"[Mesh])))))))))

#2 #1 + AND (((((("Adiponectin"[Mesh]) OR
"Resistin"[Mesh]) OR "Leptin"[Mesh]) OR
"Interleukin-6"[Mesh]) OR "Tumor Necrosis Factor-

alpha"[Mesh]) OR "C-Reactive Protein"[Mesh] OR 34 -
"Cytokines"[Mesh])
#3 #1 +#2 AND ("Therapeutics"[Mesh]) OR (Therapy 18 18

OR Treatment OR Intervention OR Surgical OR
Non-surgical OR Healing)
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5.3 Estudo de Saude Bucal

O delineamento deste estudo é de uma coorte prospectiva de nascimentos.
Em 1982, todos os nascimentos hospitalares que ocorreram na cidade de Pelotas,
Rio Grande do Sul, foram identificados e os 5.914 nascidos vivos, cuja familia residia
na area urbana da cidade, foram pesados e as maes entrevistadas. Esta populacao
foi acompanhada 11 vezes até 2013. Detalhes sobre a metodologia do projeto ja
foram previamente publicados (VICTORA; BARROS, 2006).

Em 1997, quando os participantes da coorte completaram 15 anos de idade,
foram selecionados sistematicamente 70 setores censitarios (27% do total) da area
urbana de Pelotas e visitadas todas as casas nestes setores. Foram encontrados
1076 individuos pertencentes a coorte, dos quais obteve-se uma amostra
probabilistica aleatéria de 900 adolescentes de 15 anos de idade para o estudo de
saude bucal de 1997 (ESB-97). O ESB-97 foi composto de aplicagdo de um
questionario sobre habitos de higiene bucal, utilizacédo de servigos odontolégicos,
dor de origem dental e de exames odontoldgicos que avaliaram a presenga de carie
dentaria e os problemas de oclusao dos adolescentes.

Os 888 adolescentes participantes (98,7%) do ESB-97 foram contatados em
2006 para uma nova visita e exames odontolégicos (ESB-06). Foi aplicado
novamente um questionario contendo perguntas referentes ao uso de servigos
odontoldgicos, episédios de dor de origem dental e aos habitos comportamentais
relacionados a higiene bucal. Além disso, no exame clinico foram coletadas
informagdes sobre diversas condigdes de saude bucal, como cérie dentaria, lesdes
bucais e presenca de calculo dentario, de sangramento gengival e de bolsa
periodontal, de acordo com os critérios do CPI. No final deste estudo um total de 720
individuos foi avaliado, representando uma taxa de resposta de 80% em relagdo ao

ESB-97. Esta sera a amostra convidada a participar deste novo estudo.

5.4 Equipe e Logistica

Os exames referentes a saude sistémica foram devidamente conduzidos por
pesquisadores do Programa de Pés-graduagcdo em Epidemiologia da UFPel ao
longo do ano de 2012.

Em relagdo a saude bucal, a coleta de dados sera realizada por meio de

entrevistas individuais e exames odontoldgicos a serem realizados nos domicilios
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dos adultos pertencentes a amostra da coorte. Os examinadores serdo cirurgides-
dentistas com experiéncia prévia em estudos epidemiolégicos. Os entrevistadores
serdo alunos de graduacédo da Faculdade de Odontologia (UFPel), também com
experiéncia neste tipo de atividade. A equipe de trabalho de campo sera composta
por seis examinadores e seis entrevistadores, além dos supervisores do trabalho de
campo e auxiliares para digitacdo e arquivamento de material.

A selecao e o treinamento da equipe serao realizados pelos coordenadores
do estudo. Sera elaborado um manual de instru¢gdes do estudo que servird como
guia para os entrevistadores no caso de duvidas no preenchimento ou codificagao
do questionario. Também serao apresentadas orientacdes sobre a postura e forma
de abordagem do entrevistador. Todos os examinadores e entrevistadores serao
treinados e calibrados seguindo metodologia previamente descrita (PERES;
TRAEBERT; MARCENES, 2001). A reprodutibilidade diagndstica sera aferida pela
estatistica Kappa (variaveis categodricas) e por meio do coeficiente de correlagao
intra-classe (variaveis continuas e discretas) considerando satisfatério o valor de
0,60 para os critérios de profundidade de sondagem (PD) recessao gengival (GR) e
perda de insergao clinica (CAL). Para calibragdo dos examinadores, 30 voluntarios
nao pertencentes ao estudo serao clinicamente examinados.

Estima-se a realizagdo de uma média de 50 a 60 entrevistas e exames
completos por semana, o que totaliza aproximadamente quatro meses de trabalho
de campo, incluindo o treinamento, pré-teste e estudo piloto. Estdo previstas
reunides semanais de avaliagdo entre a equipe de campo e 0sS supervisores e
coordenadores do estudo.

Os exames serao realizados nos domicilios dos participantes, com uso de luz
artificial (fotéforos acoplados a cabecga), material de exame (espelho plano, sondas
periodontais, espatulas de madeira, gaze) devidamente esterilizados na Faculdade
de Odontologia da UFPel. Todos os examinadores estardo devidamente
paramentados respeitando as normas de biosseguranga preconizadas pela

Organizagdo Mundial da Saude.

5.4.1 Pré-teste

Embora todas as questdes do questionario ja tenham sido usadas em outras

pesquisas, sera realizado pré-teste do questionario em 20 adultos da mesma faixa
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etaria da pesquisa em area de abrangéncia de uma Unidade de Saude do Municipio.
O pré-teste visa a adequar o questionario para o trabalho de campo propriamente
dito.

5.4.2 Controle de qualidade

Os supervisores do estudo realizardo a aplicagao de uma versao resumida do
questionario, por via telefénica, em 10% da amostra (70 pessoas) com o objetivo de
medir a reprodutibilidade. Os dados serdo duplamente digitados por digitadores

distintos.

6 Variaveis em estudo

6.1 Condigoes de saude bucal

As condicbes de saude bucal serdao coletadas nos domicilios dos
participantes por meio de exames clinicos que serdo realizados por cirurgides-
dentistas devidamente treinados e calibrados. As condi¢des periodontais avaliadas
serao sangramento gengival a sondagem (PoB), calculo dental, profundidade de

sondagem (PD), recessao gengival (GR) e perda de insergao clinica (CAL).

6.1.1 Sangramento gengival

O sangramento a sondagem sera aferido pelo exame de seis sitios (mésio-
vestibular, = médio-vestibular, disto-vestibular, = mésio-lingual/palatal, = médio-
lingual/palatal e disto-lingual/palatal) em todos os dentes presentes com excegao
dos terceiros molares (SUSIN et al., 2011). Sera usada uma sonda periodontal
milimetrada modelo NIDR (National Institute for Dental Research) com marcacgéo
colorida em 2, 4, 6, 8 e 10mm, usada em diversos levantamentos epidemioldgicos ja
descritos (SHEARER, et al.,, 2011, THOMSON, et al., 2006). Para avaliagdo do
sangramento gengival, sera considerado o numero de sitios com sangramento
gengival presente os individuos que apresentarem sangramento gengival até 10
segundos apdés a sondagem. A varidavel sera apresentada de forma dicotdmica:

presenga ou auséncia de sangramento gengival por sitio. A proporgéo de sitios e de
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dentes com sangramento gengival dentre o total de sitios e de dentes presentes

também serdo calculadas.

6.1.2 Calculo dental

O calculo dental supragengival sera aferido pelo exame de seis sitios (mésio-
vestibular, = médio-vestibular, disto-vestibular, = mésio-lingual/palatal, = médio-
lingual/palatal e disto-lingual/palatal) em todos os dentes presentes com excegao
dos terceiros molares (SUSIN et al., 2011). Sera usada uma sonda periodontal
milimetrada modelo NIDR (National Institute for Dental Research) com marcacgéo
colorida em 2, 4, 6, 8 e 10mm, usada em diversos levantamentos epidemioldgicos ja
descritos (SHEARER, et al., 2011, THOMSON, et al., 2006). Serdo considerados
com calculo dental presente os individuos que apresentarem calculo dental
supragengival. A variavel sera apresentada de forma dicotdmica: presenga ou
auséncia de calculo dental por sitio. A proporcao de sitios e de dentes com calculo

dental dentre o total de sitios e de dentes presentes também serao calculadas.

6.1.3 Doencga periodontal

Doenga periodontal sera definida a partir de diferentes combinagdes das
medidas de profundidade de sondagem, recessdo gengival e perda de insergao
clinica (SAVAGE et al., 2009). Para a medida de profundidade de sondagem sera a
distancia entre a margem gengival e a porgao mais apical sondavel da bolsa
periodontal registrada em milimetros de forma continua. Como recessao gengival,
sera considerada a distancia entre a juncdo amelocementaria e o nivel gengival,
registrada em milimetros de forma continua. A perda de insergédo clinica sera
definida como a soma entre a profundidade de sondagem e a recess&o gengival,
apresentada também de forma continua. A recessao gengival sera registrada como
valor negativo nos casos em que a margem gengival estiver recobrindo a jungao
cemento-esmalte em mais de 01mm, como nos casos de hiperplasia gengival.

Serdo examinados seis sitios por dente (disto-lingual, lingual, mésio-lingual,
mésio-vestibular, vestibular e disto-vestibular) de todos os dentes com excec¢éo dos
terceiros molares (SUSIN, et al., 2011).
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Para a definicdo da presenga da doenca, serdo considerados os critérios
usados por Shearer e colaboradores (SHEARER, et al., 2011) usando trés
definicbes de casos: um ou mais sitios com 4+mm CAL; dois ou mais sitios com
4+mm CAL; e um ou mais sitios com 5+mm CAL; e os critérios definidos pelo CDC-

AAP descritos anteriormente.

6.2 Condigao de saude geral

6.2.1 Padrao corporal

Para determinagdo do padrao corporal, serdo utilizados dados de diferentes
levantamentos de saude geral ja ocorridos. Para determinagdo do IMC dos

participantes aos 4 e aos 15 anos, serao obtidos os valores do escore Z peso/idade,

altura/idade e peso altura das visitas ocorrida em 1986 e em 1997, onde sera
definido o padrdo corporal relativo a idade, com o uso do software Anthro
disponibilizado pela Organizagdo Mundial da Saude (verséo 3.2.2, Janeiro de 2011).
Para analise da trajetdria do padrao corporal do participante, sera calculado o indice
de massa corporal aos 26 e aos 30 anos. Para o uso da CA, serdo usados os dados
obtidos aos 15, aos 18, aos 23 e aos 31 anos, de acordo com os critérios definidos
(LEAN; HAN; MORRISON, 1995). Serdo usadas medidas da circunferéncia da
cintura, além do indice de massa corporal. Os trés desfechos serdao analisados como
variaveis continuas e categodricas, usando critérios determinados para a
classificagdo do padrao corporal. Cada uma destas variaveis sera analisada
separadamente conforme o sexo.

Assim, estabelecer-se-ao quatro diferentes trajetérias dos 4 aos 30 anos de
idade para IMC e dos 15 aos 30 anos para CA: excesso de peso-eutréficos (excesso
de massa corporal aos 4 anos (IMC)/15 anos (CA) e eutrofia aos 30); eutroficos-
excesso de peso (eutrofia aos 4 anos (IMC)/15 anos (CA) e excesso de massa
corporal aos 30 anos); sempre eutroficos; sempre com excesso de peso (WHO,
2007).

Durante o ano de 2012, no estudo de saude geral ocorrido no Centro de
Pesquisas Epidemiolégicas, todos os participantes tiveram sua altura e massa
corpdrea medidos como primeira etapa dos exames realizados. Estes valores foram

anotados em seu cracha. O indice de massa corporal sera determinado pela
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férmula: massa corpérea (Kg)/quadrado da altura (m) e sera expresso em Kg/m?.
Esta variavel serd categorizada de acordo com os parametros da Organizagao
Mundial da Saude (WHO, 2000).

Para a afericdo da circunferéncia da cintura e do quadril, cada individuo ficou
em posicao ereta com os pés levemente separados e os bragos soltos ao lado do
corpo. A cintura foi medida na parte mais estreita do tronco, diretamente sobre a
pele. Para individuos sem cintura visivel, foi medida a circunferéncia no ponto médio
entre a crista iliaca e a ultima costela. O quadril foi medido na extensdao maxima das
nadegas (nos planos anteroposterior e lateral) com o individuo usando apenas um
avental sobre a roupa intima. O avental era de um material fino e leve, tendo como
objetivo evitar o uso de roupas volumosas durante o exame e proteger a intimidade
do entrevistado. As medidas foram efetuadas mantendo a fita com firmeza no plano
horizontal evitando a compressédo do tecido subcutaneo. Os entrevistadores foram
treinados e padronizados na medicdo da cintura e do quadril até que ficassem
dentro dos limites maximos de erro permitido. Estes limites foram estabelecidos
conforme o erro técnico de medida (ETM) de um instrutor experiente em avaliagbes
deste tipo (padréao ouro). Maiores informagdes sobre a metodologia de padronizagao
das medidas estdo descritas na tese de Gonzalez-Chica (GONZALEZ CHICA,
2009).

6.3 Demais variaveis independentes

As variaveis independentes que serao utilizadas no estudo foram obtidas dos

diferentes acompanhamentos da coorte (tab. 4).

Renda familiar ao nascimento (1982): coletada em salarios minimos, segundo
grupos (<1;1,1a3,0; 3,1 a6,0; 6,1 a 10 e >10).

Nivel de escolaridade do participante (2012): a variavel sera agrupada em

quatro categorias (>12; de 9 a 11; de 5 a 8; < 4 anos).

Fumo atual (= 1 cigarro por dia) (2004): sera incluido nas analises como

variavel dicotdmica (sim/nao).
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Consumo de alcool (2004): este item sera avaliado como variavel categérica

(n&o bebe; bebe 1 unidade/dia; bebe >1 unidade/dia).

Consumo de fibras (2004): sera avaliado como variavel dicotémica (baixo

consumo de fibras sim/néo).

Consumo de gorduras (2004): sera avaliado como variavel categoérica

(consumo muito baixo, baixo, dieta americana, alto e muito alto).

Uso do fio dental (2006): obtida de forma dicotbmica (uso do fio dental
sim/ndo).
Utilizagdo de servigos odontoldgicos (2006): obtida por meio da pergunta “Tu

consultaste com o dentista nos ultimos 12 meses?” (sim ou nao).

Serao usadas como variaveis de mediacao:

Niveis sistémicos de Proteina C-Reativa (2004): A variavel sera apresentada
como variavel categdrica de acordo com os seguintes critérios: nivel baixo: 1,0
mg/L; nivel moderado: 1,01 a 3,0 mg/L; nivel elevado: 3,01 a 10,0 mg/L. Valores de
PCR acima de 10mg/L serdo excluidos, uma vez que estes valores indicam
inflamagédo aguda (PEARSON et al., 2003).

Presenca de calculo dentario (2004): Sera considerada presenga ou auséncia

de calculo dentario por pessoa.



Tabela 4 - Apresentacao das variaveis independentes.
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Levantamentos de Saude Geral

Variaveis

Mensuragao

1982

Renda Familiar

<1;1,1a3,0
3,1a6,0

6,1a10

>10 salarios minimos

1986

Estado nutricional

IMC <1SD
IMC >1e <2 SD
IMC 22 SD

1997

Estado nutricional

IMC <1SD

IMC >1e <2 SD
IMC 22 SD

CA

2004

Tabagismo

Sim/Né&o

Consumo de gordura

Muito baixo

Baixo

Dieta americana Alto
Muito alto

Consumo de fibras

Baixo consumo
Alto consumo

Consumo de alcool

N&o bebe
Bebe 1 unidade/dia
Bebe >1 unidade/dia

Proteina C-Reativa

Nivel baixo
Nivel intermediario
Nivel elevado

Estado nutricional

IMC <18,5

IMC >19 e <24,9
IMC >25 e <29.9
IMC >30 e <39.9
IMC >40

CA

2012

Estado nutricional

IMC <18,5

IMC >19 e <24,9
IMC >25 e <29.9
IMC >30 e <39.9

IMC >40
CA
Escolaridade do individuo >12
9a 11
5a8
<4 anos
Estudos de Saude Bucal
2006
Utilizagao do servigo Sim/Nao
odontolégico
Uso de fio dental Sim/Nao

Calculo Dentario

Auséncia/Presenca

Sangramento gengival

Auséncia/Presenca

Bolsa Periodontal

Auséncia de bolsa
Bolsa Rasa

Bolsa Moderada
Bolsa Profunda
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6.4 Modelo Conceitual

As variaveis sociodemograficas — sexo, renda ao nascer e escolaridade atual
— serdao ordenadas na por¢cdo mais distal para ajuste do modelo. A posigao
socioeconOmica apresenta uma conhecida relacdo com os desfechos de saude
bucal e de saude geral. Os padrbes sociais dos desfechos bucais s&o similares
aqueles observados nos desfechos de saude bucal. THOMSON (2012) indicou que
variaveis socioeconémicas, como baixa renda familiar e baixa escolaridade, estéo
intimamente ligadas a severidade e a extensao das doengas periodontais. De forma
similar, estudos tém demonstrado que criangas menos favorecidas apresentam
maior risco a obesidade e ao sobrepeso na vida (SHIBLI et al., 2008). Existem
evidéncias de que as condi¢gdes socioecondmicas na infancia teriam repercussao
sobre o estado de saude e de nutricdo na vida adulta, afetando inclusive os padrdes
de mortalidade (GALOBARDES et al., 2004).

As variaveis intermediarias serdao compostas por habitos comportamentais,
como padrao alimentar, tabagismo, consumo de alcool, uso de fio dental e uso de
servigos. Variaveis relacionadas a dieta estdo intimamente ligadas a obesidade e a
doenga periodontal. ALVES e colaboradores (2012) e SAXLIN e colaboradores
(2008) relataram que a dieta esta ligadas as doencas bucais como carie dentéria e
doencga periodontal, fato que justifica a inclusao destas variaveis. Além disso, habitos
dietéticos, influenciam de forma significativa a resposta inflamatdria, exacerbando a
reagao bioldgica envolvida na associagado entre obesidade e doenga periodontal
(MARTINEZ-PABON et al., 2013). O tabagismo esta ligado de forma relevante tanto
a obesidade quanto a DP, como bem elucidado pela literatura e tem sido
amplamente usado como fator de confusdo em estudos que investigam esta
associagao (DICKIE DE CASTILHOS et al., 2012). O consumo de alcool também
parece estar envolvido tanto com a obesidade quanto com a progressao da doenga
periodontal, medida por meio da perda de insercao clinica (GENCO; BORGNAKKE,
2013). Embora o uso do fio dental e a utilizagdo dos servigos odontolégicos nao
estejam ligados a obesidade, estas varidveis podem ser usadas como fortes
indicadores de habitos de higiene bucal, razdo de sua inclusdo para ajuste do
modelo.

Os niveis de PCR assim como a presenga de calculo dentario estdo

intimamente ligados aos desfechos periodontais e a obesidade, razdo de sua
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inclusdo como variaveis proximais no modelo. DICKIE DE CASTILHOS e
colaboradores (2012) encontraram associagdo entre elevados niveis de PCR e
sangramento gengival nos individuos desta coorte aos 24 anos. Este aumento da
inflamacao sistémica pode ser considerada como um fator de risco ndo apenas ao
excesso de peso, como também as doencas periodontais, uma vez que a inflamacéao
crénica é responsavel por modificar o sistema imune nato, deixando o individuos
mais susceptivel a doengas infecciosas, como as doengas periodontais (FRANCHINI
et al., 2011). A presengca de calculo apresenta forte associacdo com as
periodontopatias sendo relacionado com episédios de obesidade na coorte de 1982
de Pelotas aos 24 anos (DICKIE DE CASTILHOS et al., 2012). Embora a presenca
de calculo ndo possa ser utilizada como um indicador de doenca, ela pode ser
considerada como um fator de risco ao sangramento gengival e a perda de inser¢ao
clinica, uma vez que atua como importante fator retentivo do biofilme bacteriano
(SUSIN et al., 2011).



Variaveis sociodemograficas
Sexo, renda familiar ao nascer (1982) e escolaridade
atual (2012)

4

Variaveis comportamentais
Fumo (2004), consumo de gordura, de fibras e de alcool(2004),
uso de fio dental (2005), uso de servigos odontoldgicos (2005)

Trajetoria da composicao corporal

v v
Condigdes Inflamatoria Sistémicas (2004) Condigoes de Saude Bucal (2005)
Nivel de Proteina C-reativa Calculo dentario

Doenga Periodontal
Perda de insercao clinica
Sangramento Gengival

Figura 6 - Modelo conceitual de organizagéo para entrada das variaveis no modelo.
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6.5 Analise dos dados

Os dados serao duplamente digitados no software EpiData 3.1 recorrendo-se
a entrada dupla e, posteriormente, a comparagao dos arquivos de dados gerados, a
fim de detectar e corrigir erros. Posteriormente, o software STATA versédo 12.0 sera
utilizado para analise dos dados. Sera realizada uma analise descritiva para
determinar a frequéncia relativa e absoluta das variaveis relativas aos diferentes
desfechos estudados. As associacdes entre variaveis serdo avaliadas através de
analise bivariada (teste Qui-quadrado para variaveis categéricas nominais e Qui-
quadrado de tendéncia linear para variaveis ordinais). Na analise multivariada, sera
utilizada regresséo de Poisson com variancia robusta, estimando-se as razdes de
prevaléncia e seus intervalos de confianga de 95%.

Para a analise multivariavel serdo realizadas analises de mediagdo com
técnicas estatisticas apropriadas, sendo adotado modelo tedrico hierarquico (Fig. 6),
onde as variaveis independentes serdo ordenadas em blocos que determinarédo a
entrada das mesmas na analise estatistica. Somente as variaveis que, na analise

bivariada, apresentarem valor P<0,25 serao incluidas nos modelos.

6.6 Questoes éticas

Este projeto foi submetido ao Comité de Etica em Pesquisa da Faculdade de
Medicina da UFPel e aprovado sob parecer 384.332. Todas as entrevistas e exames
serao realizados apods assinatura de termo de consentimento livre e esclarecido. De
forma similar ao acompanhamento de saude bucal de 2006, um projeto de Extenséo
sera criado junto ao Programa de Pdés-graduagédo em Odontologia, para que seja

realizado o atendimento clinico das necessidades de tratamento diagnosticadas.
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8 Orcamento

O projeto apresentado contara com o seguinte financiamento:

1) Edital MCT-CNPqg/MS-SCTIE-DECIT/MS-SAS-DAB N°10/2012 Saude Bucal
Processo: 402357/2012-3

Condicoes de saude geral, socioecondmicas, comportamentais,
clinicas e de acesso a servigos ao longo do ciclo vital: associagao com saude
bucal em uma coorte de nascidos vivos no Sul do Brasil.
Proponente: Flavio Fernando Demarco
Co-proponentes: Bernardo Horta; Denise Gigante; Marco Peres; Karen Peres;
Sandra Tarquinio; Marcos Britto Corréa

Valor Aprovado: R$ 59.021,30
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Item

Quantidade

Valor (Reais)

Material de Consumo

Espatulas de madeira 6 pacotes 10,80
Gaze 1pacote 25,00
Caixas de metal 4 unidades |[216,98
Material para autoclavagem 400 pegas | 720,00
Lanternas portateis para exame 4 unidades |60,00
Pilhas 20 unidades | 80,00
Luvas 8 caixas 106,40
Toucas 60 unidades | 75,00
Toalhas de papel 10 rolos 20,00
Jalecos 8 unidades | 160,00
Sacos de lixo 90 unidades | 20,00
Total 1.496,00
Material Permanente
Sondas Periodontal CPI 100 3.000,00
unidades
Odontoscopio n. 5 100 1.000,00
unidades
Computador notebook Dell Novo 10 unidades |26.990,00
Inspiron 14
Software Stata 12.0 1 unidade 3.200,00
Software Stat Transfer 1 unidade 460,00
Total 34.650,00
Pessoa Fisica
Digitador 1 754,00
Examinadores/entrevistadores de 8 18.025,00 (valor base R$25,00 por visita
campo domiciliar por dupla incluindo transporte)
Secretaria 1 2.898,12
Revisdo de inglés 1 300,00
Total 21.777,12
Pessoa Juridica
Inscrigdo em congressos 2 250,00
Transporte e hospedagem para 2 650,00
congressos
Total 900,00
TOTAL 59.021,30
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Etapa

Trimestre

Revisao da literatura

Planejamento da
Pesquisa e Submissao
ao CEP

10

20

30

4°

5° | 6°

7° 18 |9° [10°

Elaboragao do projeto

Coleta dos dados

Analise dos dados

Atendimento Clinico

Redacgao da tese

Defesa da tese

Submissao dos artigos
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Apéndice A — Termo de Consentimento Livre e Esclarecido

li%.‘ UNIVERSIDADE FEDERAL DE PELOTAS Eya ¢
13 IR
T —

PROGRAMAS DE POS-GRADUAGAO EM »c(

N

EPIDEMIOLOGIA E ODONTOLOGIA

TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO - TCLE

O Sr.(a) esta sendo convidado a participar da pesquisa “Condigées de saude geral,
socioeconémicas, comportamentais e de acesso a servigos ao longo do ciclo vital: impacto na
saude bucal em uma coorte de nascidos vivos no Sul do Brasil’. Sua colaboracédo neste estudo é
MUITO IMPORTANTE, mas a decisdo de participar € VOLUNTARIA, o que significa que o Sr.(a) tera
o direito de decidir se quer ou nao participar, bem como de desistir de fazé-lo a qualquer momento.

Esta pesquisa tem como objetivo conhecer a situagdo de saude geral e de saude bucal dos
adultos que estdo sendo acompanhados neste estudo de coorte e sua relagdo com condigoes
socioecondmicas, demograficas, de acesso a servigos e qualidade de vida.

Garantimos que sera mantida a CONFIDENCIALIDADE das informagées e o ANONIMATO.
Ou seja, o seu nome nao sera mencionado em qualquer hipétese ou circunstancia, mesmo em
publicagdes cientificas. NAO HA RISCOS quanto a sua participagdo e o BENEFICIO sera conhecer a
realidade da saude dos moradores de Pelotas, a qual podera melhorar os servigos de saude em sua
comunidade.

Sera realizada uma entrevista e verificaremos algumas condigbes de saude da sua boca,
como por exemplo, a presenga de carie e a existéncia de sangramento nas gengivas. Este exame
sera realizado por dentistas e ndo oferece nenhum risco, ndo causa dor alguma e todos os
instrumentos utilizados estardo esterilizados ou serdo descartaveis. Em caso de duvida o(a)
senhor(a) podera entrar em contato com Professor Flavio Fernando Demarco, coordenador desta
pesquisa, nos Programas de Pds-Graduagcdo em Odontologia e Epidemiologia da UFPel, pelo
telefone (53) 3222 4162 — ramal 130 ou e-mail: ffdemarco@gmail.com.

declaro estar esclarecido(a) sobre os termos apresentados e consinto por minha livre e
espontanea vontade em participar desta pesquisa e assino o presente documento em duas vias
de igual teor e forma, ficando uma em minha posse.

Pelotas, de de 2013.

(Assinatura do participante)



Apéndice B — Entrevista sobre Saude Bucal

CENTRO DE PESQUISAS EPIDEMIOLOGICAS - UFPEL

AMOSTRA DA COORTE DE 1982 - ACOMPANHAMENTO 2013 g!

SAUDE BUCAL

FOLHA DE ROSTO

Nome do individuo

Numero da coorte: -

Endereco:

Ponto de referéncia:

Telefones:
Tel 1

Tel 2

Tel 3

Telefones Novos:
Tel 1

Tel 2

Tel 3

Tem email? Nao () Sim ()

Se sim, email? @

Outra pessoa da familia tem email? Nao () Sim ()
Se sim, quem?

Email? @
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COORTE 1982
AVALIAGAO DE SAUDE BUCAL AOS 31 ANOS /2013

BLOCO A - IDENTIFICAGAO

ENTREVISTADOR: cod__ _ DATADE
ENTREVISTA: / /

Numero do individuo ges

IDENTIFICAGCAO:

“Sr(a) <NOME DA PESSOA > estamos trabalhando no estudo sobre saude bucal dos
adultos nascidos em 1982 em Pelotas, realizado pelo Centro de Pesquisas
Epidemioldgicas da UFPel. Vocé faz parte desse estudo desde seu nascimento e ja
foi visitado(a) outras vezes, e agora estamos fazendo uma pesquisa sobre a saude
bucal. Desta vez, s6 estamos avaliando as pessoas que ja tiveram sua saude bucal
avaliada aos 15 anos (1997) e aos 24 anos (2006). N6s gostariamos de fazer umas
perguntas sobre coisas relacionadas a sua saude bucal. Queremos também
examinar seus dentes e a sua boca. Este questionario ndao possui respostas certas
ou erradas e é muito importante para o estudo que o(a) Sr.(a). responda da maneira
mais exata possivel. As informagoes prestadas sdao de carater sigiloso e seu nome
nao sera associado com qualquer uma das respostas. Podemos conversar?” Se a
resposta for afirmativa, dar o consentimento para o entrevistado assinar.

BLOCO A — HABITOS

Vocé costuma escovar os dentes com pasta de dentes ? [CO1]

Nunca 1

Sim as vezes 2

1 vez ao dia todos os dias 3

2 vezes ao dia todos os dias 4

3 vezes ao dia ou + todos os dias 5

IGN 9

Qual o tipo de agua vocé bebe geralmente? [C02]

(5) Outra. Qual? agua direto da torneira 1

agua da torneira filtrada/filtro 2

agua mineral 3

agua de

poco 4
outra 5
IGN 9

Vocé usa fio dental [CO3]

Ler as alternativas

Nunca 0

As vezes 1

Sempre 2

NSA 8
IGN 9
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BLOCO D -CONSULTA COM DENTISTA

Alguma vez na vida foi ao consultério do dentista? [D04]
Se (0) =& pule para a questdo Nao 0
Se (9) = pule para a questio Sim 1
IGN 9

Quando vocé consultou o dentista pela altima vez? [DO5]
Menos de 1
1 a2 anos 2

3 ou mais anos 3
NSA 8
IGN 9

Qual foi 0 motivo da sua dltima consulta com o [DO06]

dentista? Consulta de rotina/prevengao/revisdo 10
(18) Outros Dor 11
Dente quebrado/trauma 12
Cavidades nos dentes/carie/restauracao/obturagido 13
Ferida, caroco ou manchas na boca 14
Rosto inchado 15
Problemas na gengiva 16
Extragdes/arrancar o dente (devido a carie) 17
Outros 18
NSA 88
IGN 99
Onde vocé foi atendido? [DO7]

Posto de Saude 0

Outro Faculdade de Odontologia 1
No local de trabalho 2

Consultorio particular 3

Convénio 4

Outro 5
NSA 8
IGN 9

Vocé tem medo de ir ao dentista? [DOg]
Ler as alternativas Nao 0
Um pouco 1
Sim 2
Sim, muito 3
IGN 9

Vocé acha que atualmente necessita ir ao dentista? [DO09]
Se (0) = pule para a questdo... Nao 0
Se (2) = pule para a questdo ... Sim 1
Se (9) > pule para a questao ... Esta em tratamento com dentista 2

IGN 9
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10. Necessita ir a uma consulta com o [D10]
dentista por qual motivo? Consulta de rotina/manutencéo 10
Apos essa pergunta pule para 44 Dor 11
Dente quebrado/trauma 12
Cavidades nos dentes/carie/restaura¢do/obturagao 13
Ferida, caroco ou manchas na boca 14
Rosto inchado 15
Problemas na gengiva 16
Extragdes/arrancar o dente (devido a carie) 17
Outros 18
NSA 88
IGN 99

11. Nao precisa ir a uma consulta com o [D11] Por que esta tudo bem com seus dentes (|
dentista por qual motivo? Embora ele/a tenha algum problema, isso pode esperar 1
Outro 2

(2) Outro IGN 8

12. Desde os ultimos 6 meses, sentiu dor de dente? [D12]
Nao (Marcar 88 nas questoes 13 ¢ 14) 0

Sim 1
NSA 8
IGN 9

13. Vocé poderia apontar na linha abaixo o quanto esta dor lhe

doeu? Vocé deve pensar que 0 (zero) significa nenhuma dor e 10

(dez) uma dor muito forte (anotar o numero diretamente na coluna

da direita) [D13]

(88) NSA < 1 2 3 4 5 6 7 8 9
(99) IGN

14. Qual foi a principal causa da sua dor de [D14]
dente? (marcar uma alternativa) Buraco ou cavidade no dente 11

Quando comi ou bebi alimentos quentes, frios ou doces 12
Quando mastiguei alimentos duros (cenoura, maga, etc) 13
Aparelho ortodontico fixo ou movel no dente 14

Quando obturei um dente 15

Quando fiz tratamento de canal 16

Quando tirei (extrai) um dente 17

Quando um dente quebrou 18

Coloquei uma proétese 19

Gengiva 20

Outra razdo 21

NSA 88

IGN99




87

15. Vocé ja realizou tratamento de canal na sua vida?

[D15]
Nao 0
Sim, uma vez 1
Sim, mais de uma vez 2
NSA 8
IGN 9

16. Considerando a aparéncia de seus
dentes o senhor esta (ler as

alternativas)?

Muito satisfeito 0

Satisfeito 1

Nem satisfeito, nem insatisfeito 2
Insatisfeito 3

Muito Insatisfeito 4

17. Considerando a cor de seus dentes o

senhor esta (ler as alternativas)?

satisfeito 0

Muito

Satisfeito 1

Nem satisfeito, nem insatisfeito 2
Insatisfeito 3

Muito Insatisfeito 4

18. Vocé ja considerou que seus dentes
estavam escuros e fez tratamento para clarea-
los (branquea-los)?

Nao 0
Sim, uma vez 1
Sim, mais de uma vez 2

NSA 8
IGN 9
19. Vocé ja considerou que seus dentes
estavam mal posicionados amontoados? Nio 0

Sim, um pouco 1
Sim, muito 2
NSA 8

IGN 9

20. Vocé ja usou aparelho (fixo ou movel)

nos dentes?

Nao 0
Sim 1
NSA 8
IGN 9

21. Vocé ja quebrou alguma vez algum

dente da frente?

Nao 0

Sim, uma vez 1

Sim, mais de uma vez 2
NSA 8

IGN 9

22. Vocé deseja fazer algum destes
tratamentos para melhorar a aparéncia dos
seus dentes?

a. Tratamento ortoddntico (aparelho dentario):
b. Restauragoes:

c. Clareamento:

d. Implante e/ou Protese:

(0) Nao (1) Sim (8) Nao sei
(0) Nao (1) Sim (8) Nao sei
(0) Nao (1) Sim (8) Nao sei
(0) Nao (1) Sim (8) Nao sei
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23 Vocé esta satisfeito com a sua Muito satisfeito 0
aparéncia? Satisfeito 1
Nem satisfeito, nem insatisfeito 2

Insatisfeito 3

Muito insatisfeito 4

24. Comparado com pessoas da sua idade, Muito boa 0
vocé considera a saude dos teus dentes, da Boa 1
. Regular 2

boca e gengivas: Ruim 3
Péssima 4

BLOCO E — SATISFACAO E PROBLEMAS BUCAIS

28. Problemas com dentes, boca e maxilares (ossos da boca) e seus tratamentos podem afetar o bem-estar e a
vida didria das pessoas e suas familias. Para cada uma das seguintes questoes, por favor, escolha as opcoes de
respostas que melhor descreve as suas experiéncias. Considere toda sua vida, desde o nascimento até agora,
quando responder cada pergunta. Apds cada pergunta ler as opgoes:

(1) nunca, (2) quase nunca, (3) as vezes (de vez em quando), (4) com frequéncia, (5) com muita frequéncia,

(9) nao sei

1. Vocé teve problemas para falar alguma palavra?? [OHIP1] 1 2 3 4 5 9
2. vocé sentiu que o sabor dos alimentos tem piorado? [OHIP2] 1 2 3 4 5 9
3. vocé sentiu dores em sua boca ou nos seus dentes? [OHIP3] 1 2 3 4 5 9
4. vocé se sentiu incomodada ao comer algum

alimento? [OHIP4] 1 2 3 4 5 9
5. vocé ficou preocupado/a? [OHIP5] 1 2 3 4 5 9
6. vocé se sentiu estressado/a? [OHIP6] 1 2 3 4 5 9
7. sua alimentacgdo ficou prejudicada? [OHIP7] I 2 3 4 5 9
8. vocé teve que parar suas refeicdes? [OHIP8] I 2 3 4 5 9
9. vocé encontrou dificuldade para relaxar? [OHIP9] 1 2 3 4 5 9
10. vocé se sentiu envergonhado/a? [OHIPIO]1 2 3 4 5 9
11. vocé ficou irritado/a com outras pessoas? [OHIP11]1 2 3 4 5 9
12. vocé teve dificuldade para realizar suas atividades

didrias? [OHIPI2]1 2 3 4 5 9
13. vocé sentiu que a vida, em geral, ficou pior? [OHIP13]1 2 3 4 5 9

14. vocé ficou totalmente incapaz de fazer suas

atividades diarias? [OHIP14]1 2 3 4 5 9




Desgaste dental / DTM

&9

29. Alguém ja ouviu vocé apertando (rangendo) os dentes? [DTMI] Nao 0
Sim 1

IGN 9

30. Vocé ja acordou de manha com a sua mandibula cansada, dolorida ou | [DTM2] N.ﬁo 0
com dificuldade de abrir? Sim 1
IGN 9

31. Seus dentes ou gengiva doem ao acordar de manha? [DTM3] Nao 0
Sim 1

IGN 9

32. Vocé ja teve dor do lado da cabeca ao acordar de manha? [DTM4] Néo 0
Sim 1

IGN 9

33. Vocé ja percebeu estar desgastando os dentes durante o dia? [DTMS] Nao 0
Sim 1

IGN 9

34. Vocé ja notou estar fazendo apertamento dos seus dentes durante o [DTM6] Nao 0
dia? Sim 1
IGN 9

35. Voce ja notou ruido semelhante a casca de ovo se quebrando ou estalo | [DTM7] N.ﬁo 0
proximo ao ouvido? Sim 1
IGN 9

Apéndice C - Ficha de Exame Clinico
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EXAMINADOR NUM
FICHA DE EXAME L1 | L]
Dataexame: __ [/ [/ Nome:
Wl [z [ [zt 2z 2 [1 ] ]2 Outro:
e Lo [ O
Condi¢ao da Coroa
27 2

) % T3 3 3 37 38




Condicao Periodontal
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Sanar.
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NG
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Sitio

Sanar.
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NG
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Sanar.
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Uso de Prétese Superior OUPS |__|
Uso de Proétese Inferior OUPI|__ |
Cédigo Critério Exemplos

Nao usa protese

dentaria
Nenhum espago Desdentado Desdentado total
protético parcial, mas sem e sem protese
protese presente presente
1 Usa uma ponte fixa
Uma ponte fixa Uma ponte fixa
posterior anterior
2 Usa mais do que
uma ponte fixa
Duas pontes
fixas em pontos
diferentes
(anterior e
posterior)
3 Usa prétese parcial
removivel
Protese Parcial
Removivel
anterior
Usa uma ou mais
4 pontes fixas e uma ou
mais préteses parciais
removiveis
Protese Protese
removivel removivel
anterior e ponte  anterior e duas
fixa posterior pontes fixas
posteriores
5 Usa proétese dentaria

total




Protese total
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9 Sem informacéao
Necessidade de Prétese Superior
ONPS |__|
Necessidade de Prétese Inferior
ONPI| |
Cédigo Critério Exemplos
Nao necessita de
0 ) L
protese dentaria
Todos os dentes Espacos Desdentado
presentes protéticos total mas com
presentes com presenca de
protese protese
Necessita uma
protese, fixa ou
1 removivel, para
substituicdo de um
elemento
Espaco protético Espaco protético
unitario anterior  unitario posterior
Necessita uma
protese, fixa ou
2 removivel, para
substituicdo de mais
de um elemento
Espaco protético Espaco protético
anterior de mais posterior de mais
de um elemento  de um elemento
Necessita uma
combinacao de O
. ; < URYESY Espagos
fm, .f/xas e/ou & e protéticos em
3 removiveis, para v
substituicdo de um & varios pontos da
¢ & & boca

e/ou mais de um
elemento



Escore Critério

0 Auséncia de desgaste em dentina

1 Dentina apenas visivel (incluindo cupping) ou dentina exposta menos
de 1/3 da superficie

2 Dentina exposta maior a 1/3 da superficie

3 Exposicao da polpa ou dentina secundaria
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AVALIAGAO DAS RESTAURAGOES

*Obs.: Em caso de critério 8 (NSA) para a pergunta MAT, pular para o dente
sequinte e marcar 8 (NSA) em todas as outras questdes para o referido dente

DENTE 17

1. Tipo de material utilizado? 17MAT |__ |
2. Tipo de cavidade? 17CAV | |
3. A quanto tempo tu fizeste esta restauragao? 17TEM |__ |
4. Classificagao da restauragao? 17CLAS | |
5. Razao da classificagao insatisfatoéria? 17RAZ |__ |
DENTE 16

1. Tipo de material utilizado? 16MAT | |
2. Tipo de cavidade? 16CAV | |
3. A quanto tempo tu fizeste esta restauragao? 16TEM |__ |
4. Classificagao da restauragao? 16CLAS | |
5. Razao da classificagao insatisfatoéria? 16RAZ | |
DENTE 15

1. Tipo de material utilizado? 1SMAT ||
2. Tipo de cavidade? 15CAV | |
3. A quanto tempo tu fizeste esta restauragao? 15TEM | |
4. Classificagao da restauragao? 15CLAS | |
5. Razao da classificagao insatisfatoéria? 15RAZ | |
DENTE 14

1. Tipo de material utilizado? 14MAT |__ |
2. Tipo de cavidade? 14CAV | |
3. A quanto tempo tu fizeste esta restauragao? 14TEM | |
4. Classificagao da restauragao? 14CLAS | |
5. Razao da classificagao insatisfatoéria? 14RAZ | |
DENTE 27

1. Tipo de material utilizado? 27TMAT ||
2. Tipo de cavidade? 27CAV | |
3. A quanto tempo tu fizeste esta restauragao? 27TEM | |
4. Classificagao da restauragao? 27CLAS | |
5. Razao da classificagao insatisfatoéria? 27RAZ | |
DENTE 26

1. Tipo de material utilizado? 26MAT |__ |
2. Tipo de cavidade? 26CAV | |
3. A quanto tempo tu fizeste esta restauragao? 26TEM | |
4. Classificagao da restauragao? 26CLAS | |
5. Razao da classificagao insatisfatoéria? 26RAZ | |
DENTE 25

1. Tipo de material utilizado? 25MAT ||
2. Tipo de cavidade? 25CAV | |
3. A quanto tempo tu fizeste esta restauragao? 25TEM | |
4. Classificagao da restauragao? 25CLAS | |
5. Razao da classificagao insatisfatoéria? 25RAZ | |
DENTE 24

1. Tipo de material utilizado? 24MAT ||
2. Tipo de cavidade? 24CAV | |
3. A quanto tempo tu fizeste esta restauragao? 24TEM | |
4. Classificagao da restauragao? 24CLAS | |
5. Razao da classificagao insatisfatoéria? 24RAZ | |




*Obs.: Em caso de critério 8 (NSA) para a pergunta MAT, pular para o dente
sequinte e marcar 8 (NSA) em todas as outras questdes para o referido dente
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DENTE 37

1. Tipo de material utilizado? 37TMAT ||
2. Tipo de cavidade? 37CAV |__ |
3. A quanto tempo tu fizeste esta restauragao? 37TEM |__ |
4. Classificagao da restauragao? 37CLAS | |
5. Razao da classificagao insatisfatoéria? 37RAZ | |
DENTE 36

1. Tipo de material utilizado? 36MAT | |
2. Tipo de cavidade? 36CAV |_ |
3. A quanto tempo tu fizeste esta restauragao? 36TEM |__ |
4. Classificagao da restauragao? 36CLAS | |
5. Razao da classificagao insatisfatoéria? 36RAZ | |
DENTE 35

1. Tipo de material utilizado? 35MAT ||
2. Tipo de cavidade? 35CAV | |
3. A quanto tempo tu fizeste esta restauragao? 35TEM |__ |
4. Classificagao da restauragao? 35CLAS | |
5. Razao da classificagao insatisfatoéria? 35RAZ | |
DENTE 34

1. Tipo de material utilizado? 34MAT ||
2. Tipo de cavidade? 34CAV |__ |
3. A quanto tempo tu fizeste esta restauragao? 34TEM |__ |
4. Classificagao da restauragao? 34CLAS | |
5. Razao da classificagao insatisfatoéria? 34RAZ | |
DENTE 47

1. Tipo de material utilizado? 47TMAT |__ |
2. Tipo de cavidade? 47CAV | |
3. A quanto tempo tu fizeste esta restauragao? A7TTEM | |
4. Classificagao da restauragao? 47CLAS | |
5. Razao da classificagao insatisfatoéria? 47RAZ | |
DENTE 46

1. Tipo de material utilizado? 46MAT | |
2. Tipo de cavidade? 46CAV | |
3. A quanto tempo tu fizeste esta restauragao? 46TEM |__ |
4. Classificagao da restauragao? 46CLAS | |
5. Razao da classificagao insatisfatoéria? 46RAZ | |
DENTE 45

1. Tipo de material utilizado? 45MAT ||
2. Tipo de cavidade? 45CAV | |
3. A quanto tempo tu fizeste esta restauragao? A5TEM |__ |
4. Classificagao da restauragao? 45CLAS | |
5. Razao da classificagao insatisfatoéria? 45RAZ | |
DENTE 44

1. Tipo de material utilizado? 44MAT ||
2. Tipo de cavidade? 44CAV | |
3. A quanto tempo tu fizeste esta restauragao? 44TEM | |
4. Classificagao da restauracao? 44CLAS | |
5. Razao da classificagao insatisfatoéria? 44RAZ | |
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LESOES BUCAIS (Avaliagdo do examinador)

1. Presenca de lesao bucal?

(0) Nao (marque 8 OU 88 nas questdes de 2 a 9 e passe para a
questdol1).

(1) Sim

(9) IGN

LB |

2. Localizac¢ao da lesao 1

LBLOC1 |

(11) Lingua

(12) Assoalho da boca
(13) Mucosa jugal
(14) Palato

(15) Gengiva

(16) Labio

(17) Maxila

(18) Mandibula

(19) Outras:
(99) IGN

3. —Tipo de lesao 1

Ulcera (1) sim (2) néo (8) NSA (9) IGN
Mancha avermelhada (1) sim (2) ndo (8) NSA (9) IGN
Mancha acastanhada/enegrecida (1) sim (2) ndo (8) NSA (9) IGN
Placa branca (1) sim (2) ndo (8) NSA (9) IGN
Erosao (1) sim (2) ndo (8) NSA (9) IGN
Papula/nédulo (1) sim (2) ndo (8) NSA (9) IGN
Vesicula/bolha (1) sim (2) ndo (8) NSA (9) IGN

ULC1|__
MVER1 |___
MCAS1 |__
PBRA1|___
EROS1|___
PAPU1|___

VESH |

4. Qual o tamanho da lesao 1?(Usar uma escala em milimetros) (88)
NSA

LBTAMANA |__

5. Tu ja tinhas percebido esta ferida ou machucado na tua boca?
Ha quanto tempo?

LBTEMP1 |___

(11) N&o, nunca

(12) Menos de 1 més

(13) Entre 1 més a 3 meses
(14) Entre 3 a 6 meses
(15) Entre 6 meses a 1 ano
(16) De 1 a 2 anos

(17) Mais que 2 anos

(99) IGN

6. Localizacao da lesao 2

LBLOC2 |

(11) Lingua

(12) Assoalho da boca
(13) Mucosa jugal
(14) Palato

(15) Gengiva

(16) Labio

(17) Maxila

(18) Mandibula

(19) Outras:
(99) IGN
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7. — Tipo de leséo 2

Ulcera (1) sim (2) ndo (8) NSA (9) IGN uLcz2 |__|
Mancha avermelhada (1) sim (2) ndo (8) NSA (9) IGN MVER2 |___|
Mancha acastanhada/enegrecida (1) sim (2) ndo (8) NSA (9) IGN MCAS2 |___|
Placa branca (1) sim (2) ndo (8) NSA (9) IGN PBRA2 |__ |
Erosio (1) sim (2) ndo (8) NSA (9) IGN EROS1 [__ |
Papula/nédulo (1) sim (2) ndo (8) NSA (9) IGN PAPU2 |___|
Vesicula/bolha (1) sim (2) ndo (8) NSA (9) IGN VESI2 |__ |
8. Qual o tamanho da lesao 2?(Usar uma escala em milimetros) LBTAMAN2 |__ |
(88) NSA

9. Tu ja tinhas percebido esta ferida ou machucado na tua LBTEMP2 |__ |
boca? Ha quanto tempo?

(11) Nao, nunca

(12) Menos de 1 més

(13) Entre 1 més a 3 meses

(14) Entre 3 a 6 meses

(15) Entre 6 meses a 1 ano

(16) De 1 a 2 anos

(17) Mais que 2 anos

(99) IGN

10. Tu relacionas algum destes sintomas citados a seguir com

a tua lesao? (ler as alternativas, anotando dois numeros: o primeiro

correspondente a alternativa e o segundo ao numero da lesdo — 1

ou?2)

(11) Dor (1) sim (2) nao (8) NSA (9) IGN DOR |__|
(12) Ardéncia (queimagéao) (1) sim (2) ndo (8) NSA (9) IGN ARD |__|
(13) Coceira (1) sim (2) nao (8) NSA (9) IGN CcocC ||
(14) Desconforto (1) sim (2) ndo (8) NSA (9) IGN DESC |__ |
11. Tu costumas examinar a tua boca? LBAUTEX | |
(0) Nunca

(1) Sim

(2) As vezes
(9) IGN




Relatério do Trabalho de Campo
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O presente relatério esta dividido em quatro partes correspondendo as etapas
do trabalho desenvolvido pelo doutorando. A primeira parte explica as mudancgas
ocorridas nos objetivos da tese. A segunda traz explicagdes sobre inclusdo de novos
artigos a este volume. Por sua vez, a terceira parte deste relatério traz as fungdes do
doutorando no trabalho de campo do Estudo de Saude Bucal-13 aninhado a coorte
de Pelotas de 1982. Finalmente, o ultimo item apresenta os pontos relativos ao

periodo de doutorado sanduiche na Universidade de Adelaide, Australia.

1 Mudancgas ocorridas no Projeto de Pesquisa

Ao finalizar a leitura do projeto, fica evidente o interesse que tinhamos em
estudar o efeito da obesidade ao longo da vida nos desfechos periodontais da vida
adulta. O objetivo inicial desta tese era testar se as teorias de life-course
epidemiology poderiam ser aplicadas para explicar a relagdo entre obesidade e
doencas periodontais. Entretanto, apés um contato do doutorando com técnicas
analiticas de inferéncia causal, foi necessaria a adequacédo dos objetivos iniciais
desta tese.

Os modelos analiticos que testam as teorias da epidemiologia do ciclo vital
apresentam limitagbes com relacao aos seus achados, uma vez que n&o consideram
o carater longitudinal das variaveis time-varying. Assim, ha uma discussao sobre a
validade dos achados originados destas analises. Por sua vez, as analises de
inferéncia causal parecem gerar estimativas mais fiéis a realidade por dois aspectos
principais: a) ha distingdo entre mediadores e confundidores no modelo analitico; b)
estimativas criadas a partir de probabilidades geradas em um universo contrafactual.
Estas caracteristicas foram consideradas extremamente relevantes ao doutorando e
aos seus orientadores no momento de decisdo da técnica analitica a ser usada nos
artigos originais incorporados a esta tese. Além disso, destaca-se o pioneirismo dos
autores em utilizar esta abordagem analitica em desfechos de saude bucal. Diante

destes fatos, justifica-se a opgao pela mudanga dos objetivos iniciais desta tese.
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2 Inclusao de novos artigos a tese

O projeto de pesquisa apresentado no capitulo anterior deste volume descreve
apenas as questbes metodoldgicas relativas ao Estudo de Saude Bucal de 2013 da
coorte de 1982. Entretanto, esta tese, além de artigos, traz também a trajetéria do
doutorando no seu periodo de doutoramento. O primeiro artigo incluido neste
volume representa o primeiro contato do doutorando com o tema desta tese. Nele
explorou-se a relacdo entre obesidade e sangramento gengival em escolares da
cidade de Pelotas. Este artigo, embora apresente desenho transversal, evidencia o
impacto da obesidade sobre as condi¢cdes periodontais em fases precoces da vida,
algo que néo seria possivel de verificar com os dados da coorte de Pelotas de 1982.
Assim sendo, acreditamos ser pertinente a inclusdo deste trabalho neste volume.

Como parte do aprendizado de técnicas analiticas para inferéncia causal, o
Professor Marco Peres propos que um artigo prévio ao artigo analitico com os dados
da coorte de Pelotas de 1982 fosse realizado com os dados do EpiFloripa, uma
coorte de adultos da cidade de Florianopolis. Neste artigo, o objetivo central foi
verificar o efeito da mudanga de estado nutricional, especialmente do ganho de
peso, em desfechos periodontais nesta coorte representativa da populagdo de
Floriandpolis. Acreditamos que seria essencial o contato com técnicas analiticas de
inferéncia causal em um cenario menos complexo que aquele da coorte de Pelotas
de 1982, uma vez que o EpiFloripa apresenta dados de dois momentos distintos em
um intervalo de tempo relativamente curto (trés anos). Assim, o desenvolvimento
deste estudo foi um passo importante para que o doutorando desenvolvesse o ultimo
estudo analitico desta tese, fato que justifica a inclusdo deste artigo neste volume.

E importante ressaltar que mesmo aqueles artigos néo planejados previamente
tém a tematica comum aos demais artigos desta tese: obesidade e doenca
periodontal. Além disso, como dito anteriormente, estes artigos evidenciam a
trajetéria percorrida pelo doutorando durante o seu doutoramento, com o aumento

da complexidade das abordagens analiticas adotadas.
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3 Participagao no trabalho de campo do Estudo de Saude Bucal de 2013
(ESB-13)

Em conjunto com a doutoranda do Programa de Pdés-graduagédo em
Epidemiologia, Lenise Menzes Seerig, o doutorando realizou a supervisdo do
trabalho de campo do Estudo de Saude Bucal de 2013. Adicionalmente, também
participou do presente estudo como examinador. O trabalho de campo iniciou no
més de outubro de 2013 e finalizou no més de marco de 2014. A etapa de calibragao
e treinamento da equipe teve duracao de uma semana e realizou-se entre os dias 02
e 06 de setembro de 2013. Neste momento, foram apresentados aos examinadores
e entrevistadores o questionario assim como a ficha de exame clinico. Os
supervisores de campo instruiram os demais membros da equipe sobre forma de
abordagem aos participantes, identificagdo e conduta a ser seguida no momento das
entrevistas. A calibragdo ocorreu em individuos com idade entre 25 e 40 anos nao
pertencentes a coorte de 1982. Um examinador padrao-ouro foi determinado pelos
coordenadores do levantamento. Cada examinador foi orientado a realizar o exame
clinico odontolégico completo em 20 individuos, os quais foram anotados pelo
candidato a anotador. Os resultados obtidos com este processo revelaram os
seguintes indices Kappa e de correlagao intraclasse: Uso e necessidade de prétese
dentario (Kappa 0.84); indice de Estética Dental — DAl (Kappa 0.65); indice de
Superficies Cariadas, Perdidas ou Obturadas — CPO-S (Kappa 0.89); Profundidade
de Sondagem Periodontal (indice de correlagdo intra-classe 0.85). Como resultado
deste processo, seis examinadores (alunos de mestrado e doutorado do Programa
de Pés-graduagcdo em Odontologia) e 10 anotadores (alunos de mestrado do
Programa de Pods-graduagdo em Odontologia e alunos de graduagdo em
Odontologia) apresentaram-se calibrados e prontos para ir a campo.

A partir de listas fornecidas pelo Programa de Pods-graduagdo em
Epidemiologia, buscou-se todos os 888 membros da coorte que haviam participado
do Estudo de Saude Bucal de 1997 (ESB-97), fazendo-os um novo convite para
participar do ESB-13. Auxiliados pela secretaria, os supervisores de campo
providenciaram um numero de contato telefénico para cada um dos individuos
participantes. Assim, estabeleceu-se o primeiro contato, onde foi realizado o convite
para participacdo deste novo levantamento. Em caso de aceite, foram obtidas

preferéncias de data e horario para realizagdo das entrevistas e dos exames
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clinicos. Em caso de inexisténcia de numero telefénico, contato via rede social
(Facebook) foi realizado com os participantes localizados. Quando ndo se obteve
retorno dos participantes em nenhuma destas formas de contato, os examinadores
de campo visitaram o domicilio destes individuos baseados nos dados obtidos nos
levantamentos prévios. Desta forma, os participantes encontrados em suas
residéncias tiveram seus dados atualizados, sendo convidados para participar do
estudo.

A secretaria ficou responsavel pelo agendamento das visitas aos domicilio dos
participantes para realizacdo da entrevista e do exame clinico. Para o trabalho de
campo especificamente, cada examinador e cada anotador disponibilizou uma
agenda semanal, incluindo fins de semana, com horarios disponiveis para realizagao
das visitas. De acordo com esta agenda, o supervisor de campo organizava a dupla
“‘examinador/anotador” responsavel pela visita. Além disso, 0 supervisor enviava os
dados dos participantes para o e-mail da dupla responsavel, com os dados da
entrevista a ser realizada. Sempre que possivel, com a finalidade de otimizar o
processo de trabalho e de reduzir custos, o supervisor de campo agrupava de
acordo com a area geografica o maior numero de entrevistas. Devido a
peculiaridade desta coorte, alguns participantes preferiam ser entrevistados na sede
do Centro de Pesquisas Epidemiolégicas, localizada no centro do municipio de
Pelotas. Nestes casos, a dupla “examinador/anotador” fazia seu deslocamento até
este local, onde realizava a entrevista.

Os participantes da coorte que ndao mais residiam na cidade de Pelotas
também foram contatados. Foi oferecida uma ajuda de deslocamento a estes
participantes para que eles comparecessem ao Centro de Pesquisas
Epidemiolégicas. Devido ao numero significativo de participantes em Caxias do Sul,
Rio Grande e na Regidao Metropolitana de Porto Alegre, uma dupla composta por
examinador e anotador também foi deslocada a estas localidades.

As duplas de examinadores e anotadores iam a campo identificadas por colete
com o logo do Centro de Pesquisas Epidemioldogicas e da Universidade Federal de
Pelotas e por crachas com o respectivo nome. Além disso, levavam consigo o
material necessario para o exame clinico (sonda periodontal PCP-2, odontoscopio
plano n°5, luvas, gaze, gorro e mascara) além de um netbook, onde eram anotadas
as entrevistas e os dados provenientes do exame clinico, e do termo de

consentimento livre e esclarecido. O referido termo era lido e assinado previamente
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a entrevista. A duragédo média de cada visita foi de 25 minutos, desde a chegada da
dupla “examinador/anotador” até a finalizagao do exame clinico.

O controle do numero de entrevistas era realizado semanalmente pelos
supervisores de campo, e discutidos com o restante da equipe. O controle de
qualidade também foi de responsabilidade dos supervisores de campo. Apds a
realizacdo das entrevistas, 10% dos participantes foi aleatoriamente selecionado
para a realizacdo de um questionario por telefone, contendo 10 questbes
selecionadas da entrevista. Os supervisores de campo ficaram responsaveis por
esta tarefa, assim como por, verificar a satisfagdo dos participantes quanto ao
trabalho da dupla que o entrevistou. Os resultados mostraram boa concordancia das
respostas, com indice Kappa superior a 0,80 para todas as perguntas. No que se
refere a satisfacao, a nota média foi de 9,3, variando de 7,0 a 10,0.

Apds a conclusao do trabalho de campo, foi oferecido tratamento odontolégico
a todos os individuos que apresentaram necessidade de tratamento. Os
participantes foram contatados via telefone para agendamento de consulta
odontoldgica de acordo com as suas necessidades especificas. Foram oferecidos
tratamentos nas areas de Dentistica Restauradora, Préotese Dentaria, Endodontia,
Periodontia e Estomatologia.

Ao doutorando couberam as seguintes atribuigbes enquanto supervisor de
campo:

- Organizar material teérico (manual de campo);

- Agendar as visitas;

- Distribuir as visitas agendadas diariamente as duplas;

- Organizar diariamente a logistica das visitas;

- Suprir material para realizagdo das entrevistas (material de consumo, termos

de consentimento livre e esclarecido, organizar esterilizagdo dos materiais).

Na funcédo de examinador de campo, o doutorando foi responsavel por:

- Realizar exames odontolégicos no domicilio e no Centro de Pesquisas
Epidemiolégicas;

- Realizar entrevistas;

- Realizar exames odontolégicos no domicilio dos participantes da Regiéo

Metropolitana de Porto Alegre;
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- Realizar o tratamento odontoldgico daqueles participantes que demandaram

tal necessidade.

4 Periodo de Doutorado Sanduiche

Como parte do seu treinamento, o doutorando passou 11 meses do seu curso
de doutoramento no Australian Research Centre for Population Oral Health
(ARCPOH), da Universidade de Adelaide, Australia. Este centro de pesquisa é
reconhecido internacionalmente pelos estudos desenvolvidos na area de
epidemiologia em saude bucal. Neste periodo, o Professor Marco Peres e a
Professora Associada Karen Peres foram responsaveis pela orientagcdo direta do
doutorando. Foram colaboradores deste processo o Professor Mark Bartold (School
of Dentistry), o Professor Associado Loc Do (ARCPOH), a Dra. Gloria Mejia
(ARCPOH) e o Dr. Murthy Mittinty (School of Population Health). Durante o periodo
do seu estagio sanduiche, o doutorando dedicou tempo ao aprendizado de técnicas
analiticas causais e de mediacdo. Ainda, participou de seminarios, conferéncias,

cursos, “journal clubs”, e apresentou dois seminarios no centro de pesquisa.
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Are obesity and overweight
associated with gingivitis
occurrence in Brazilian
schoolchildren?

Nascimento GG, Seerig LM, Vargas-Ferreira F, Correa FOB, Leite FRM,
Demarco FF. Are obesity and overweight associated with gingivitis occurrence n
Brazilian schoolchildren?. J Clin Periodontol 2013; 40: 1072-1078. doi: 10.1111]
jepe d2163.

Abstract

Aim: This cross-sectional study aimed to assess the relationship between weight
status and gingival inflammation in Brazlian schoolchildren aged §- to 12-year
old, when controlling for potential confounders.

Methods: Overall, 1211 children aged 8- to 12-year old from public and private
schools in Southern Brazil were selected by a two-stage cluster method. Question-
naires were used to assess socio<lemographic data and oral hygiene habits. Oral
examination evaluated presence of plaque and gingival bleading. Anthropometric
measures were collected to obtain body mass index. Multivariate Poisson regres-
sion was used for data analysis (Prevalence Ratio®5% Confidence Interval).
Results: Prevalence of gingivitis was 44.0%. Mean and median values of gingival
bleeding sites were 3.10 and 2.0 respectively. Obese/overweight children totalized
34.6%. In multivariate adjusted analysis, sex (PR 0.86; 95%CI 0.75;0.98), mater-
nal schooling (PR 1.09; 95% CI 1.01;1.18), plaque (PR 1.37; 95% CI 126;1.50),
dental caries experience (PR 1.16; 95% CI 1.01;1.36) and bkeding during tooth
brushing (PR 1.27; 95% CI 1.11;1.48) were associated with the outcome. In the
sex-stratified analysis, overweight/obese boys presented a greater risk for gingivitis
(PR 1.22 95% CI 1.01;1.48).

Conclusions: Gingivitis was not associated with obesity loverweight in the total
sample. Gender differences seem to influence the relationship between gingivitis
and obesity Joverweight; a stronger association was noted among boys than grls.
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Obesity/overweight is defined as a
disease in which body fat is exces-
sively accumulated and may adversely
affect general health (World Health
Organization 2000). The disease is
not a problem exclusive of adults
from developed countries, since the
proportion of children and adoles-
cents with excessive fat accumulation
has increased significandy also in
developing countries (Kopelman
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2000, Fadel et al. 2013). In Brazil,
obesity/overweight in childhood and
adolescence has risen in the last dec-
ades, with 32% of schoolchildren
aged 12-year old affected by this
condition in 2009 (Brazilian Institute
of Geography & Statistic 2010). As a
result, many physical and psycholog-
ical diseases are precociously emerg-
ing. Adiposity is a well-known risk
factor to many systemic diseases,

© 2013 John Wiley & Sons A/S. Published by John Wiky & Sons Ltd



such as hypertension (Chaffee &
Weston 2010). type 2 diabetes
mellitus (Khader et al. 2009), cardio-
vascular disease (Chaffee & Weston
2010) and other life-threatening dis-
eases. Thus, these age<dependent
comorbidities can begin earlier in
life than once believed. especially
due to a change in the behavioural
and dietary patterns (Reeves et al.
2006).

Periodontal diseases are mostly
chronic  inflammatory  conditions
from infectious nature induced by
dental biofilm accumulation on teeth
surfaces. Among children and ado-
lescents, the most prevalent peri-
odontal disease is the plaque-induced
gingivitis, a site-specific condition
(Lopez et al. 2006, Chiapinotto et al.
2013). Once gingivilis progression is
dependent on the balance between
host defence and bacterial load and
virulence, an alteration in this rela-
tonship induced by systemic condi-
tons may exacerbate the periodontal
disease progression, resulting in col-
lagen fibres destruction and alveolar
bone loss (Genco & Borgnakke
2013). There are common risk fac-
tors for periodontal disease and
obesity, such as smoke, dietary hab-
its, alcohol consumption, psycholog-
cal stress, among others (Genco &
Borgnakke 2013).

Reports have hypothesized the
interaction between obesity and peri-
odontal disease, for example, varia-
tions and alterations in host defence,
impaired glucose tolerance, increased
response o psychological stress, and
secretion of pro-inflammatory cyto-
kines (Range et al. 2013).

Periodontal disease and obesity/
overweight have been exhaustively
studied in the last years in adults.
Nevertheless, few studies were con-
ducted investigating this relationship
in children and adolescents. Epide-
miological studies presented incon-
clusive data; Reeves et al. (2006)
found a greater risk for periodontal
disecase only among obese young
adults aged 17-21-year old, whereas
13- to l6-year-old adolescents did
not present any association between
both conditions. Franchini et al.
(2011) did not observe an association
between the gingival inflammation
itself and obesity/overweight. Never-
theless, obese adolescents demon-
strated bad oral hygene, what is
closely linked to the periodontal

Obesity and gingivitis in schoolchildren

inflammation, with special regards to
obese boys, who presented higher
biofilm accumulation, a direct risk
factor for periodontal disease, com-
pared with obese girls (Franchini
etal. 2011). Ka etal. (2013) pre-
sented data proposing a close rela-
tionship between metabolic
syndromes, which includes obesity,
and gingivitis among children aged
8- to 10-year old. The authors, how-
ever, only detected this association
among boys, suggesting that gender
could be an influencing factor in this
complex interaction. However, there
is no consensus in the literature
about the strength of this association
between males and females, espe-
cially in early life, once Kwon et al.
(2011) observed this association only
among 19-year-old females.

Considering these controversial
results and the need of further inves-
tigation about this topic, this study
aimed (o assess the relationship
between weight status and periodon-
tal disease in Brazilian schoolchildren
aged 8- to 12-year old, when control-
ling for potential confounders.

Methods

Sample

This cross-sectional study was con-
ducted in 2010 with children aged 8-
to 12-year old, in Pelotas, southern
Brazil. The city population is esti-
mated in 330,000 people (Brazilian
Institute of Geography & Statistics
2010) and the city presents 25 pri-
vate and 91 public schools, with
approximately 25,000 schoolchildren
regularly attending school within the
age range studied.

In order to select a representative
sample of schoolchildren, a cluster
selection sample was adopted with
an estimated design effect of 2. The
following parameters were used for
the sample calculation (prevalence
and association): prevalence of gingi-
vitis 83.8 per cent (Chiapinotto et al.
2013), a standard error of 3 per cent,
95 per cent CI, power of 80 per cent,
a design effect of 1.4, and adding 10
per cent to losses. The minimum
sample size required for this study
was 891 schoolchildren. To select the
sample, 20 public private and public
schools were randomly selected, con-
sidering the number of children in
each school and the proportion of

© 2013 John Wiley & Sons A/S. Published by John Wiley & Sons Ltd
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schools in the city. In each of the
selected schools, children aged 8- to
12-year old, enrolled in grade 2-6 of
primary education, were invited to
participate. Detailed information
about the methodology used has
been already described (Goettems
et al. 2013).

Data collection

Data collection was obtained at
schools, and was composed by struc-
tured questionnaires sent to the par-
ents, with socio-demographic
information; interview with the chil-
dren and clinical and oral examina-
tions. Six examiners, previously
trained and calibrated, with experi-
ence in epidemiological studies per-
formed the oral examinations.
Calibration process was composed
by 40 h of theoretical activities and
discussions about the outcomes, with
the diagnostic based on photo-
graphic images, according to Goet-
tems et al. (2013).

A benchmark dental examiner
conducted the complete examiner
training and the calibration process.
Clinical examinations were carried
out under artificial light, using CPI
periodontal probe — “ball point™ —
(World Health Organization 1997)
and dental mirrors. Dental caries
experience (DMF-T = 1) considered
the DMF-T index. To assess the pres-
ence of dental plaque and gingival
bleeding, the visible plaque index and
gingival bleeding index, described by
Ainamo & Bay (19735), were respec-
tively used. The presence of gingival
bleeding, gingivitis and dental plaque
were adjusted to assess the contra-lat-
eral incisors and first molars chosen
randomly (Susin et al. 2005). The
outcome of gingivilis occurrence was
analysed by median (Kazemnejad
et al. 2008, Chiapinotto et al. 2013).

In addition, anthropometric mea-
sures were taken to obtain the body
mass index (BMI). The Cole criteria
were used to determine the weight
status considering child’s sex and
age (Cole et al. 2000).

Data analysis

Data were double-typed in the Epi
Data 3.1 database, and transferred to
STATA version 110 (Stata Corp.,
College Station, TX., USA). Data
were submitted to descriptive and
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bivariate analyses, chi-square and
chi-square for linear trend when
appropriate, in order to verify an
association between the outcomes
with the independent variables. After,
a multivariate Poisson regression
model was performed, considering
the cluster sample design (prevalence
ratio and 95%CI). For variable selec-
ton the stepwise method with back-
ward selection was used. Variables
with p < 0.25 were included in the fit-
ting model, and estimated their Prev-
alence Ratio (PR) and their 95%
confidence of interval. Variables with
p =005 were maintained in the
adjusted model. The variables “age”
and “BMI” were maintained in all
multivariate models independenty of
their p-values. The variable “age™ was
used as a discrete variable in the
bivariate analysis to show the distri-
bution of sample; for the multivariate
Poisson regression, this variable was
grouped in two different categories
according to the biological life course:
childhood (8- to l0-year old) and
adolescence (11- to 12-year old)
(Jokovic et al. 2002). The varable
“BMI” was kept since it was the main
independent variable studied and it
could be related to gender. Analyses
were also stratified by sex, to invest-
gate the effects of independent vari-

ables according to gender.
Ethics
The swmdy was submitted and

approved by the Ethics Commitiee
of the Federal University of Pelotas
School of Dentistry, Brazil. Only
children with written consent form
signed by their parents were included
in the study.

Results

The response rate was 69.2% of
total sample, and 1211 children were
evaluated. The major reasons for
participation refusal were as follows:
lack of consent form signed by par-
ents and absence of children at
school in the examination day.

Table 1 presents the descriptive
and univariate analyses of the evalu-
ated populaton. A total of 574
(47.4%) boys and 637 (52.6%) girls
were examined. In relation to skin
colour, most of the children were
white (72.8%) and 65.1% had
between 8 and 10 year old. Regarding
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Table 1. Sample distribution and prevalence of gingivitis according to socio-demographic
and biological variables, Pelotas, Brazil, 2011. (N = 1,211)

Total Gingivitis ~ p-valoe
N (%) N (%)
Sex Male 574 474 267 %5 0107
Female 637 526 267 419
Skin colour White 858 728 371 4.7 0502
Dark-skinned Black 189 161 90 48.1
Lightskinned black 128 110 54 4.5
Type of school Public 958 790 445 464 0001*
Private 253 210 89 352
Years 8 182 150 70 6 0082'
9 312 258 136 439
10 295 243 131 44
11 259 214 120 463
12 163 135 77 4.1
Household income | 246 237 93 B0 0002
2 271 261 111 416
3 241 232 110 458
4 279 269 140 2.5
Maternal schooling =12 502 430 194 388 <0000l
911 121 103 45 315
58 127 1.0 60 476
<4 426 362 212 0.5
Last visit to dentist <l year 905 757 254 418 0248*
More than | year 291 243 134 467
Frequency of tooth brushing | 697 590 294 427 0226*
(times/daily) 2 106 90 52 ¥5
3 382 320 179 410
Body Mass Normal 787 654 344 4.7 0.766*
Index (BMI) Overweight/obese 417 346 186 M6
Visible plaque 0 to 2 sites 430 360 125 2.3 <0001*
(tertiles) 3to §sites 380  3L5 166 4.0
=6 sites 399 330 243 23
Dental caries experience No 495 413 193 ¥.0  0002*
Yes T4 587 338 48.0
Bleeding during No 804 678 327 4.7 0001
tooth brushing Yes 382 322 194 08
Gingival inflammation 0-2 sites 680 560 - -
(Bleeding sites) =23 534 440 - -
Total 1211 100 534 4.0
*Chi-square test.

'Chi-square test for linear trend.

maternal schooling, 53.3% of the
mothers had 9 or more years of
school. In the last year, 75.7% of the
children visited the dentist. Almost all
children, brushed their teeth regu-
larly, and 59% brushed once a day.
The prevalence of gingivitis was
44.0% (95%CI 41.2:46.9). The mean
of affected sites by visible plaque was
4.74 (+ SD 4.10), varying from 0 to
20 sites with plaque and median of
4.0. Regarding gingival bleeding,
mean of bleeding sites was 3.10
(£ SD 3.22), varying from 0 to 19
and with median of 2.0. This value
was considered a cut-point for the
outcome gingivitis occurrence. Chil-
dren with excessive fat accumulation
(obesity and overweight) totalized
34.6% of the studied sample.

Gingival inflammation was associ-
ated with the type of school — public
or private (p=0.001), maternal
schooling (p < 0.0001), household
income (p = 0.002), dental caries
experience (p = 0.002), gingival bleed-
ing and visible plaque (p < 0.001).
BMI was maintained in the multivan-
ate model independently of the
p-value.

Table 2 presents the crude and
adjusted prevalence ratios of multi-
variate Poisson regression for gingi-
vitis according to the exposed
variables. In crude analysis, gingivi-
tis was associated with type of
school, household income, lower
maternal schooling, presence of visi-
ble plaque in higher number of sites,
dental  caries  experience  and

© 2013 John Wiley & Sons A/S. Published by John Wily & Sons Ltd
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Table 2. Crude (C) and adjusted (A) Prevakence Ratios (PR) for gingivitis occurrence in
schookhildren, according to vanables. Pelotas, RS, 2010

Variables Gingivitis cocurence
PR® (95%I1C) P PR* (95%IC) p-value
Sex 0.107 0.033
Malk 1 1
Female 0.91 (0.80,1.03) 086 (0.75,0.98)
Age (years) 0.188 -
8-10 1
1-12 1.09 (0.96;1.24)
Type of School <0.001 -
Public 1.33 (1.11;1.59)
Private 1.0
Household Income <0.001 -
1 (poorer) 1.09 (0.88;1.36)
2 1.21 (098; 1.49)
3 1.33 (1.09;1.62) -
4 (richer) 1.0
Maternal schooling (years) <0.001 0.003
=12 1.0 10
9-11 1.17 (090,1.52) 1.13 (0.86;1.49)
5-8 1.23 (093;1.62) 121 (0.91;1.61)
<4 1.45 (1.12;1.86) 133 (1.02;1.74)
Last visit to dentist 0.160 -
<| year | -
More than | year 1.12 (0.96;1.30) -
Frequency of tooth 1.16 (094;1.43) 0.144 - -
brushing (times /daily)
|
2 1.10 (0.96;1.26) -
3 1.0 -
Visible plague <0.001 <0.001
0-2 sites 1.0 10
3-5 sites 1.51 (1.25;1.82) 147 (1.22,1.78)
=6 stes 2.08 (1.76,246) 190 (1.592.27)
Caries Expenence 0.002 0.036
No 1.0 10
Yes 1.23 (1.07;1.40) 116 (1.01;1.36)
Bleeding during tooth brushing 0.001 <0.001
No 1.0 1
Yes 1.24 (1.09;1.42) 127 (L11;1.48)
Body mass index 0.766 0.659*
Nomal 1.0 10
Overweight/obese 1.02 (089;1.16) 1.03 (0.89;,1.18)

**Variables maintained in the final model independently of the p-value.

self-reported bleeding during tooth
brushing. After adjustment, sex (PR
0.86: 95%CI 0.75:0.98). maternal
schooling (PR 1.09; 95% CI
1.01:1.18), visible plaque (PR 1.37;
95% CI 1.26:1.50), dental caries
experience (PR 1.16; 95% CI
1.01:1.36) and bleeding during tooth
brushing (PR 127 95% (I
1.11:1.48) were associated with the
outcome.

Among boys, adjusted Poisson
regression revealed that obese/over-
weight schoolchildren presented a
greater chance of having gingivitis
(PR 1.22: 95% CI 1.01:1.48). The
outcome was also associated with
lower household income (PR 0.90;

95% CI 0.82:0.98), lower maternal
schooling (PR L1.10; 95% CI
1.03:1.17), higher visible plaque (PR
1.39: 95% CI 1.23;1.56), higher car-
ies experience (PR 1.22: 95% CI
1.01:1.51) and bleeding during
brushing (PR 1.17; 95% CI
1.15;1.20) (Table 3). Among girls,
the weight status was not associated
in the final model, while lower
maternal schooling (PR 1.11; 95%
CI 1.01; 1.22), higher visible plaque
(PR 1.35; 95% CI 1.20:1.53), higher
caries experience (PR 1.22; 95% CI
1.01; 1.48) and bleeding during

brushing (PR 1.22; 95% (I
1.01:1.47) remained associated
(Table 4).
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Discussion

This study evaluated the association
of gingivitis and obesity among
schoolchildren aged 8- to 12-year
old, when controlling for possible
confounders. In this study., occur-
rence of gingivitis was classified
according to the number of sites
affected by marginal bleeding (per-
centile 50). Our results demonstrated
that gingival inflammation was asso-
ciated with sex, low level of maternal
schooling, presence of visible plaque,
caries experience and bleeding during
tooth brushing. On the stratified
analysis, after adjustment, only
obese/overweight boys presented a
greater chance of having gingivits,
but such associaion was not
observed for girls. In addition, gingi-
vitis was associated with lower
income and lower maternal school-
ing, higher prevalence of caries and
bleeding during brushing. These
variables were used for controlling
and most of them were discussed in
deep in another study from the same
survey (Goettems et al. 2013).

Socio-economic factors have a
close relationship with oral and gen-
eral health outcomes. Social patterns
of oral health outcomes are almost
identical to the social gradients
found in general health outcomes
(Thomson 2012). According to
Thomson (2012), the swmudy of oral
health is a useful way to understand
social inequalities, due o the cumu-
lative and chronic characteristics of
oral conditions. Peres et al. (2009),
in a cohort study in the city of Pelo-
tas, demonstrated that mothers with
low educational level tended to have
children with a greater DMF-T,
while Thomson et al. (2012) indi-
cated that low household income
and low parental education lewvels
are intimately linked to the severity
and extension of periodontal dis-
eases. The same way, obesity and
overweight in childhood are associ-
ated with low socio-economic status,
and low levels of parental education
(Gibbs & Forste 2013). Many
reports demonstrated that obese chil-
dren with disadvantaged background
presented a greater risk for not only
later obesity but also early morbidity
(Shibli et al. 2008).

As previously described by many
reports, gingivitis is one of the most
prevalent diseases among children
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Table 3. Crude () and adjusted (a) Prevalence Ratios (PR) for gngivits occurrence among

boys. Pelotas, RS, 2010

Variables Gingivitis oocurence
PR® (95%IC) P PR* (95%IC) p-value
Age (years) 0762 0.704**
8-10 1 1.0
11-12 1.03 (0.85;1.24) 1.03 (0.85,1.27)
Type of school 0035 -
Public 1.31 (1.02;1.70) -
Private 1.0 -
Household income <0001 0.023
| (Poorest) 1.0 1.0
2 0.81 (0.67-097) 1.01 (0.80;1.28)
3 0.80 (067,097 0.77 (0.58;1.02)
4 (Richest) 0.72 (0.59,0.88) 0.76 (0.57,1.03)
Maternal schooling (years) 0030 0.007
212 1.0 1.0
9-11 1.07 (0.75;1.52) 0.98 (0.74;1.31)
5-8 0.93 (0.63;1.36) 1.27 (0.58;1.02)
<4 1.33 (0.96;1.84) 1.15 (1.01;1.33)
Last visit to dentist 0290 -
<1 year |
More than | year 111 (091;1.36) -
Frequency of tooth 0351 -
brushing (times/daily)
1 1.16 (0.94;1.43) -
2 1.10 (0.96;1.26) -
3 1.0 -
Visible plague <0.001 <0.001
0 to 2 sites 1.0 1.0
3 to § sites 1.48 (1.15;1.89) 1.50 (1.24;1.81)
=6 sites 2,10 (1.67,263) 1.93 (1.622.30)
Dental caries experience 0024 0.048
No 1.0 1.0
Yes 1.24 (1.03;1.50) 1.2 (101;1.51)
Bleeding during tooth brushing 0022 0.024
No 1.0 1.0
Yes 1.46 (1.12;1.89) 117 (1.15-1.20)
Body mass index 0.197 0.043
Nomal 1.0 1.0
Overweight/obese 1.13 (0.94;1.36) 1.2 (1.01;1.48)

**Variables maintained in the final model independently of the p-value.

and adolescents, so does dental car-
ies. An interesting finding is the
association of dental caries experi-
ence with gingivitis, in the adjusted
model, with both sexes. It is well
known that some habits are related
o those conditions, since dental car-
ies and gingival inflammation are the
result of a complex interaction, com-
posed by biological, environmental
and social factors (Thomson 2012).
The interface between dental caries
and gingivilis is nol a consensus in
the literature. Even though both dis-
eases are quile prevalent in child-
hood, their association remains
unclear. Our results have shown that
children with DMF-T = | presented
a greater chance of presenting gingi-
val inflammation. A reasonable
explanation for this fact could be

related to plaque accumulation on
tooth surface in both conditions,
consequence of poorer oral self-care
measures, associated with bad die-
tary habits and plaque maturation
(Martinez-Pabon et al. 2013). More-
over, in proximal surfaces, not filled
dental cavities, restoration marginal
gaps and calculus could work as
retentive factors for plaque accumu-
lation what might increase the risk
for gingivitis development in those
specific sites (Ekstrand et al. 1998).
The relationship between obesity
and oral health in childhood is still
inconclusive. While in adults, there is
a clear association with obesity and
periodontal disease. in children and
adolescents there is no consensus. Our
results indicated that excessive fat
accumulation is not related with gin-
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gival inflammation in the total sam-
ple. Reeves et al. (2006) in a recent
study found that weight status influ-
ences the development of periodonti-
tis in adolescents and young adults
aged 17- to 21-year old. The authors,
however, did not find this association
in younger children, probably due to
the chronic condition of obesity and
periodontitis. The association of
weight status and gingivitis was
observed only in the subgroup analy-
sis, with a positive association among
boys. These results are in accordance
with Ka et al. (2013) who found simi-
lar differences among gender, with a
stronger association among male chil-
dren aged 8-10-year. Commonly, gen-
der impacts a number of individual
characteristics such as genetics, hor-
mone status, nutrition and general
and oral health habits, which may
promote different responses of expo-
sure and susceptibility. Reports have
revealed that in adults, the relation-
ship between weight status and perni-
odontal disease is more robust among
women, especially after the fifth or
sixth decades of life. Probably, this
fact is observed because, in early life,
females have less fat accumulation
than males, what is not supported in
the long-life, when an increase of
obesity prevalence is observed among
women (Furuta et al. 2013). In addi-
tion, another factor that could be
linked with the association of obesity
and gingivitis only in boys is related
to the pattern of oral hygiene at this
age, once grls are more concerned
about healthy lifestyle even in early
life (Honne et al. 2012).

There are many hypotheses about
the relationship between periodontal
disease and obesity. Obese subjects
tend to present unhealthy dietary
habits, with higher consumption of
sugar and fat, increasing the risk for
periodontal  disease  (Al-Zahrani
et al. 2003). The adipose tissue can
represent a reservoir of pro-inflam-
matory cytokines, such as IL-1f, 1L~
8 and C-reactive protein, inducing a
chronic immunological response by
the host (Genco et al. 2005). The
unbalance in the inflammatory
response can affect the periodontal
tissues even in early life (Reeves
et al. 2006). Thus, we hypothesized
that the combination of metabolic
and inflammatory profiles, with
neglected atttude towards oral and
general health self-care, like poor

©2013 John Wiley & Sons A/S. Published by John Wily & Sons Ltd
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Table 4. Crude (c) and adjusted (3) Prevalence Ratios (PR) for gingivitis occurrence among

girk. Pelotas, RS, 2010

Variables Gingivitis cocurence
PR® (95%IC) r PR* (95%I1C) p-value
Age (years) 0.108 0.108%
8-10 | 10
11-12 1.15 (0.961.38) 1.16 (0.961.39)
Type of School <0035 -
Public 131 (1.0%1.70) -
Private 10 -
Household Income 0278 -
| (Poorest) 1.0 -
2 1.07 (0.81-1.42) -
3 093 (0.681.27) -
4 (Richest) 121 (0.921.60) -
Maternal schooling (years) <0.003 0.020
=12 10 10
9-11 1.30 (0.861.95) 126 (0.83,1.92)
5-8 161 (1.07,2.43) 1.58 (1.04,2.41)
<4 1.62 (1.08,2.41) 149 (1.01,2.24)
Last visit to dentist 0290 -
<| year | -
More than | year 1.06 (0.87,1.31) -
Frequency of tooth brushing 092 (0.691.22) 0.191 - -
(tlimeS/dﬂﬂy)
2 085 (0.64,1.11) -
3 10 -
Visible plague (tertiles) <0.001 <0.001
0-2 sites 10 10
3-5 sites 1.56 (1.17,2.07) 1.51 (1.10,2.06)
=6 sites 211 (1.632.73) 1.86 (1.40,2.48)
Dental caries experience 0050 0.045
No 10 10
Yes 120 (1.01;1.45) 122 (1.01;1.48)
Bleeding during tooth brushing 0019 0.036
No 10 10
Yes 124 (1.03,1.50) 122 (1.01;1.47)
Body mass index 0.3%0 0.655%
Nomal 10 10
Owerweight /obese 091 (0.761.11) 096 (0.78,1.16)

**Variables maintained in the final model independently of the p-value.

oral hygiene, poor dietary habits and
socioeconomic status can play an
important role in the interface of
weight status and periodontal disease
(Franchini etal. 2011, Thomson
et al. 2012).

Gingivitis, as a chronic condition,
is the first stage in the evolution of
periodontal diseases, and its preven-
ton is necessary, since it is not pos-
sible to foresee which affected sites
will evolve to destructive disease. A
recent cohort study demonstrated
that overweight and obesity are asso-
ciated with gingival inflammation
and dental calculus in young adults,
showing the evolution of periodontal
conditions over the years (Dickie de
Castilhos et al. 2012). According to
Susin et al. (2011) presence of dental
calculus and gingival bleeding in

adolescents are considered risk fac-
tors for the development of chronic
and aggressive periodontitis, rein-
forcing the importance of controlling
these factors in early life. Since peri-
odontal disease and obesity/over-
weight may be associated and share
key risk factors, adopting treatments
based on common risk approach
should be more rationale instead of
focusing in one specific disease (Shei-
ham & Watt 2000). Moreover, estab-
lishment of healthy habits in
childhood could be an important
factor for disease prevention in adult
life, especially in chronic conditions
(Sheiham et al. 2011).

This study presents some impor-
tant limitations that should be consid-
ered. First of all, as we used a cross-
sectional design for the study. the

© 2013 John Wiley & Sons A/S. Published by John Wiley & Sons Ltd
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causal and temporal associations of
gingivitis and weight status remain
unclear, once it is not possible to
determine which condition was firsty
established. Although this type of
study is not indicated for the establish-
ment of causal relationship, it provides
useful data for further longitudinal
investigations. The lack of criteria to
diagnose gingivitis might be an obsta-
cle for comparison among different
studies in the lterature. The Visible
Plaque and Gingival Bleeding indexes
(Ainamo & Bay 1975) used in this
study, followed the same protocols
already defined in previous epidemio-
logic evaluations conducted with
schoolchildren population (Kazemne-
jad et al 2008). Adoption of a partal
register protocol (Peres et al. 2012)
was selected considering that the
mixed dentition could overestimate
the prevalence of gingival inflamma-
tion, due to the physiological effect of
eruption. Finally, the refusal rate
obtained in our study could represent
a sample biased, once non-examined
children could present a different pro-
file in relation to the outcome and the
independent variables.

Regardless the limitatons, this
study presented valuable data in
terms of possible interaction between
general and oral health. In summary,
there is no association between obes-
ity/overweight and gingivitis in the
total sample. A positive association
was only observed in boys, but not
in grls, demonstrating a potential
influence of gender diflerence in this
relatonship. Our findings could be a
baseline not only for further investi-
gations, but also for the establish-
ment of public policies, based on a
holistic understanding of the health-
disease process.
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Clinical Relevance

Scientific relevance for the study:
Association between obesity and
periodontal disease has been
reported mainly in adults, with
scarce studies in the paediatric
population.

Principal findings: Obesity and over-
welght were associated with

tis among boys. Social factors, oral
hygiene factors and dental caries
experience were also associated with
singival inflammation in both gen-

Practical implications: Young obese
boys have a higher risk of develop-

ing gingivitis, risk factor for peri-
odontitis. Common risk approach is
recommended, once obesity and gin-
givitis share common risk factors;
also, longitudinal studies with this
spedfic population are needed.
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Relationship Between Periodontal
Disease and Obesity: The
Role of Life-Course Events

Gustavo G. Nascimento', Fabio R. Leite!, Marcos B. Correa', Bernardo L.
Horta?, Marco A. Peres?, Flavio F. Demarco!-?

Periodontal disease is ranked among the 10 most prevalent chronic diseases worldwide,
and is considered a major public health problem. Its etiology has been associated with
local and general conditions that could interfere in the host immune response. Obesity,
like periodontal disease, has emerged as a prevalent chronic disease in high-, low- and
medium-income countries, recognized as risk factor for cardiovascular disease and cancer.
A relationship between periodontal health and obesity may exist, but the mechanism
that would explain this association remains unclear. Life-course epidemiology could be a
useful instrument to investigate a casual association between early exposures and later
outcomes, being appropriate for understanding the establishment of chronic conditions.
This approach comprehends different theories, considering the time, the duration and the
intensity of early exposition, and itsimpact on the development of chronic diseases in later
life. Thus, the aim of this study is to hypothesize the different life-course epidemiology
theories to explain the possible association between periodontal health and nutritional
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status in adulthood.

Introduction

Periodontal disease is mainly a chronic inflammatory
condition induced by dental biofilm accumulation on tooth
surfaces (1). It is a highly prevalent condition worldwide
and represents a major public health problem for developed
and developing countries (2). It figures among the 10 most
prevalent chronic diseases (2). There are different clinical
manifestations of periodontal conditions, such as gingivitis,
an acute inflammation of gingival soft tissue caused by
bacteria accumulation along the gingival margin; and
periodontitis, a more advanced inflammatory form of
periodontal disease, in which breakdown of the supporting
tissues of the teeth occurs (3). Periodontitis is clinically
characterized by periodontal pockets resulting from an
attachment loss, which progressively can lead to loosening
and ultimately loss of the teeth. Tooth loss is a worldwide
public health problem caused mainly by dental caries and
periodontal disease, the last especially in later adulthood,
with impacts on quality of life (4). Periodontal destruction
may be caused by local factors, such as dental biofilm,
and systemic factors, like diabetes, HIV infection or other
diseases that may depress the host immune response (3).

Evidence suggests that obesity associated with
periodontal disease seems to exist, as several studies have
observed this association in different life-course stages,
since childhood to adulthood (5-8). Focusing on the
biological aspects, a low-grade inflammation caused by
excessive adipose tissue might be responsible for important

obesity, epidemiology

alterationsin the oral conditions. It has also been suggested
that there is a high production of pro-inflammatory
cytokines, such as interleukin (IL)-1B, tumor necrosis factor
(TNF)-0, IL-6, by the adipocytes and macrophages of the
white adipose tissue (9). These cytokines play a significant
role in the development and progression of periodontal
disease because the release of inflammatory cytokines
is closely linked to a higher susceptibility to bacterial
infection, caused by an alteration in the host immune
response (10,11).

In order to identify the role of early exposures in the
development of chronic diseases in later life, life-course
epidemiology provides different tools that may help
understanding the possible mechanisms involved in this
relationship. Life-course epidemiology has been defined
as the study of long-term effects of physical and social
exposures that influence the development of chronic
diseases across life course of individuals (12). It aims to
establish potential causal links between exposures and
outcomes, considering the duration and timing of the
exposure (13).

Although many studies have explored the association
between obesity and periodontal disease, the literature is
scarce on prospective studies focused on this theme. The
aim of this paper is to discuss on the relationship between
obesity and periodontal disease according to four different
life-course epidemiology theories: a) critical period
(programming model); b) critical period with modifier
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effect model; ¢) accumulation of risk model; d) chain-of-
risk model (13,14).

Life-Course Epidemiology Approach
Critical Period Model

This model emphasizes that an exposure occurred in
a specific period of life affecting some body structure or
system and causing irreversible or permanent damage or
disease later in life (12,15).

If one considers that this model explains the association
between obesity and periodontal disease, subjects who
presented obesity or overweight at a certain time period,
e.g.childhood, will present higher prevalence of periodontal
disease and more severe clinical attachment loss, resulting
in worse periodontal condition compared with those that
were eutrophicin early life. According to this theory, obesity
in early life would permanently affect periodontal tissues,
and he weight of the subject in adulthood is not relevant
for the development of periodontal disease.

Critical Period with Modifier Effect Model

This model considers that the exposure at a certain age
could interact with events that happened during different
life periods, enhancing or decreasing the likelihood of
developing a chronic condition (12,13). Therefore, this
model assumes the possibility of risk change or "mobility”
across the classes during life-course.

Taking this model into account, subjects would present
acompatible periodontal situation respecting the trajectory
of weight status during life course. The hypothesis of this
study is that different outcomes are expected according
to the different obesity/overweight trajectories during
life: a) Subjects who were obese/overweight in early life
and gained weight in adulthood would present the most
severe clinical attachment loss and consequently the worst
periodontal condition, since the early deleterious effects
of obesity on periodontal health would be aggravated by
the later weight gain, exacerbating the deficiency in host
immune response already caused by early obesity event;
b) individuals that were obese/overweight in early life
and lost weight in adulthood would present the second
worst periodontal condition, since even with the effects
of obesity exposure in early life, with enduring damages
to the periodontal tissue and the host defense mechanism,
the decrease of inflammatory cytokine levels in later life,
would increase the intensity of host response in front
of a potential pathogen infection; c¢) subjects who were
eutrophicin childhood and adolescence, but gained weight
in adulthood would have better periodontal conditions than
always obese subjects and obese earlier in life, but worse
than the never obese individuals, because that exposure to
inflammatory cytokines in later life would be less harmful
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than in early life, as this later exposure would not modify
permanently the biological properties of periodontal
tissues; d) always eutrophic subjects would present the best
periodontal condition among the established trajectories.

Accumulation of Risk Model

The third model suggests thatinjuries are accumulated
incrementally through the life-course. It considers that
the number, duration and severity of exposures have a
cumulative effect on the chronic disease development (12).

In this way, the disease load will be related to the
amount of time that the subject was exposed to the risk
condition. Therefore, periodontal disease development in
adulthood would be directly proportional to the number
of obesity episodes during life, independent from the life
period when obesity/overweight occurred. In sum, subjects
who were obese for a longer period of time would have a
higher risk of periodontal diseases. Therefore, subjects with
more episodes (longer periods of time) of obesity would
be the ones with the most severe clinical attachment loss
reflecting the worst periodontal status.

Chain-of-Risk Model

The fourth life-course model is a modified version of the
accumulation of risk model and basically considers that one
adverse or beneficial exposure conducts to other benefic/
adverse event as a chain of events, impacting in health
conditions. This model takes into consideration a complex
interaction between exposures, such as individual social
resources and extrinsic factors, e.g. social environment (13).

Considering the possible association between nutritional
status and periodontal disease, obese subjects are expected
to present low self-esteem, influencing directly in the oral
and general health self-care, with neglected attitudes, like
poor oral hygiene and poor dietary habits. Associated with
these factors, obese individuals present altered metabolic
and inflammatory profiles, like increased levels of C-reactive
protein and pro-inflammatory cytokines, which would
exert a major role in the periodontal disease development
and progression.

Final Considerations

Based on the above, the hypothesis of this study is
that life-course epidemiology has an important role in
understanding the possible association of nutritional
status and periodontal disease in later life. Accordingly,
prospective studies are required to verify the sequence of
events in the life course that may affect the development
of chronic oral conditions. Such investigations could provide
basis for the most appropriated time to start preventive
strategiesin order to reduce disease occurrence and severity,
saving public resources and improving the quality of life



of individuals and populations.

Resumo

As doencas periodontais apresentam-se entre as dez doengas cronicas mais
prevalentes mundialmente, sendo consideradas um relevante problema
de saude publica. Sua etiologia tem sido associada com fatores locais e
com fatores sistémicos que poderiam influenciar na resposta imune do
hospedeiro. A obesidade, de forma semelhante a doenca periodontal,
emergiu como uma doenca cronica altamente prevalente, tanto em
paises de alta renda, como em paises de média e de baixa renda, sendo
considerada um conhecido fator de risco as doencas cardiovasculares
e ao cancer. Hd uma possivel relacdo entre as doencas periodontais e a
obesidade, mas os mecanismos envolvidos nesta associa¢cdo permanecem
desconhecidos. A epidemiologia do ciclo vital pode ser considerada um
eficiente instrumento para investigar associacdes causais entre exposicoes
precoces e desfechos tardios, sendo apropriada para a compreensdo do
estabelecimento de doencas cronicas. Esta abordagem abrange diferentes
teorias, considerando o tempo, aduracao e a intensidade da exposi¢do, e o
seu impacto no desenvolvimento de doencas cronicas em fases tardias da
vida. Assim, o objetivo deste estudo € fazer hipdteses sobre as diferentes
teorias da epidemiologia do ciclo vital para explicar a possivel associacdo
entre a saude periodontal e o estado nutricional na vida adulta.
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Abstract

Aim: To systematically review the literature to answer the questions: i)‘Is periodontal
treatment effective to improve clinical and immunological conditions in obese
subjects?”; ii)‘Do obese subjects present different clinical and immunological
response after periodontal therapy when compared to non-obese subjects?”
Methods: Searches were performed in six databases up to August 2014.
Interventional studies were included if the following data were described: (1)
Obesity/overweight assessment; (2) Definition of periodontal disease; (3) Periodontal
therapy; (4) Inflammatory marker in serum/plasma; and/or clinical parameters of
periodontal disease. Assessment of quality was performed with the Downs and Black
scale. Meta-analyses were conducted with the available data.

Results: Of 489 articles, 5 were included, and only 3 proceeded to meta-analysis of
clinical outcomes. Included studies presented fair methodological quality. Statistical
analysis demonstrated that periodontal therapy in obese subjects was effective to
improve clinical outcomes. No clinical differences between post-therapy results of
obese and non-obese were observed. Effects of periodontal therapy on inflammatory
markers remain unclear.

Conclusions: Periodontal treatment seems to be effective to improve healing in
obese individuals. No differences on periodontal healing between obese and non-
obese subjects were observed; however, only limited and fragile base of evidence
was available for analysis.

Clinical Relevance: Periodontal treatment is effective to improve clinical and
immunological periodontal parameters in adults. Also, obesity seems to not modify
the periodontal healing after treatment.

Key words: Periodontal therapy; Periodontitis; Obesity; Nutritional Status; Cytokines
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Introduction

A plausible biologic relationship between obesity and periodontal disease may
exist. Studies in adults and in children have investigated this possible relationship,
and majority of them found a positive association between both conditions [1-3]. In
addition, systematic reviews have exhaustedly explored this connection, supporting
the evidences from clinical and epidemiological studies [4, 5]. However, the causal
mechanisms behind this positive association remain unclear, once the cross-
sectional design adopted by most of the studies does not allow a temporal
relationship between presumed exposure and outcome [6].

Some mechanisms try to explain this association, considering different
approaches such the socioeconomic, the behavioral, the life-course but always
emphasizing the biologic one [7]. In essence, the white adipose tissue (WAT) is
responsible for secretion of many inflammatory cytokines, such as interleukin (IL)-1,
IL-6, tumor necrosis factor (TNF)-a, C-reactive protein (CRP) and specific
adipocytokines such as leptin and adiponectin [8]. Additionally, some adipocytes
could suffer hypoxia due to WAT hypertrophy. The dead adipocytes have the
potential to secret pro-inflammatory cytokines and to increase the chemoattraction of
monocytes to the WAT, exacerbating the cytokine secretion. Serum increase of pro-
inflammatory mediators is responsible for producing a low-grade systemic
inflammation and insulin resistance, influencing the host immune response [9]. Thus,
the ability to identify and combat possible infectious agents is totally unbalanced,
becoming the obese subjects more susceptible to systemic infections [10]. It has
been shown that toll-like receptors (TLR) in periodontal tissues of obese subjects are
desensitized by pro-inflammatory cytokines, which become less effective to
periodontopathogen recognition, resulting in development and progression of
periodontal diseases [5].

Periodontal therapy conceptually aims to eliminate both living bacteria in the
microbial biofilm and calcified biofilm microorganisms. From a practical point of view,
this therapy intends to reduce the number of biofilm microorganisms and disturb the
ecology the microbial biofilm. As a consequence, the host immune response can
better cope with the remaining microorganisms, decreasing the inflammatory load
present in the affected sites [11]. The response of periodontal therapy in obese

subjects has been discretely studied. As similarly observed in type Il diabetes,
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periodontal therapy success may present some specificities due to the potential
modifier effect caused by obesity on periodontal tissues [12]. Previously conducted
reports presented a low number of patients enrolled, and a lack of consensus
between the clinical results; hence the effects of periodontal therapy on clinical and
immunological parameters of obese subjects are not totally clear. Two systematic
reviews have been published on the topic, but their results should be carefully
considered. The first included observational and interventional studies without
performing a meta-analysis, which limits the authors’ results [13]. The later included
participants with systemic disease affecting the periodontal response, such as
diabetes. Even thought the authors had mentioned they intended to control their
results, it was not possible [14]. Furthermore, since nor the first neither the later
reviews assessed the effects of periodontal therapy in obese subjects, the question
of whether obesity impacts on periodontal healing remains to be answered.

Since obesity may interfere on periodontal disease development and
progression and given the knowledge obtained from diabetes studies, it is unsure the
effects of periodontal therapy on obese subjects. Also, it is expected that obese
individuals might present different clinical and immunological outcomes after
periodontal therapy when compared to eutrophic subjects. Based on that, the aim of
the present study was to systematically review the literature in order to explore the
clinical and systemic immunological impact of periodontal therapy on obese subjects.
Also, to compare obese and non-obese individuals regarding the clinical parameters

and immunological markers level after periodontal treatment.

Methods

Review Questions

Is periodontal treatment effective to improve clinical and immunological

conditions in obese subjects?

Are clinical and immunological responses after periodontal therapy of obese

subjects different when compared to non-obese subjects?
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Inclusion and Exclusion Criteria

Potential articles to be included in this review were independently examined
by two reviewers (GGN and FRML) according to the following inclusion criteria:
1. Interventional studies assessing the effects of periodontal therapy on obese
individuals and/or comparing the effects of periodontal therapy on obese and non-
obese subjects;
2. Adults enrolled in the study (=18year-old);
3. Obesity/overweight assessment (e.g. body mass index, waist/hip ratio, waist
circumference);
4. Definition of periodontal disease;
5. Presence of periodontal therapy (Non-surgical therapy: supra, sub gingival scaling
and root planing; Surgical therapy: open flap debridement with or without the use of
regenerative materials);
6. Evaluation of at least one inflammatory marker in serum; and/or evaluation of

clinical parameters of periodontal disease before and after periodontal therapy.

Additionally, the following exclusion criteria were observed:

1. Use of systemic medication (anti-inflammatory, antibiotics) 6-months
previous to periodontal therapy;

2. Presence of systemic conditions that could affect the progression of
periodontitis and/or gain/loss of weight;

3. Cell culture or animal studies;

4. Observational studies;

5. Letters to the editor, reviews and conference abstracts.

In cases of disagreement, articles were discussed between the reviewers until

a consensus was reached.

Strategy Search

Literature was searched in a structured way to identify papers that analyzed
the effect of periodontal therapy in clinical and/or immunological parameters in
obese/overweight and eutrophic subjects. Electronic database searches in PubMed

via Medline, Scopus, Embase, Web of Knowledge, Latin-American and Caribbean
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Center on Health Sciences Information (LILACS) and Scientific Electronic Library
Online (SciELO) were performed up to and including August 2014. Initially, the
search was conducted on PubMed via Medline using the following strategy:
“Periodontal Diseases’[Mesh] OR “Periodontitis’[Mesh] OR “Gingivitis’[Mesh]) AND
“Obesity’[Mesh] OR “Obesity, Abdominal’[Mesh] OR “Body Fat Distribution’[Mesh]
OR  “Abdominal Fat’[Mesh] OR  ‘“Intra-Abdominal Fat’[Mesh]  AND
“Therapeutics”[Mesh] OR “Root Planing’[Mesh] OR “Dental Scaling’[Mesh] OR
“Periodontal Debridement’[Mesh] OR “Periodontal Treatment” OR “Periodontal
Therapy”. Search strategies used in other databases can be found in the appendix.
No date and language restrictions were applied. Duplicate studies were identified and
discarded using the software EndNote X7 (Thomson Reuters, Carlsbad, California,
United States, 2013). Titles, abstracts and key words of potential articles were
screened independently considering the inclusion and exclusion criteria by two
reviewers. Lists were compared and in case of disagreement, a consensus was
reached by discussion. Assessment of the full articles retrieved after an initial
screening was performed independently by the same two reviewers. In addition to
the electronic search, a hand search was performed in the reference list of all
included studies by the same reviewers. Predefined data-collection worksheets were

employed for the assessment of each selected publication.

Data extraction and quality assessment

Articles with potential to be included in the study were submitted to a detailed
analysis comprehending information regarding author’'s name and year of publication,
inflammatory markers evaluated, study design with sample size, periodontal disease
definition, obesity definition, mean age of enrolled subjects, follow-up period, type of
periodontal therapy and main results. In addition, in order to perform a meta-analysis,
results regarding mean values and standard deviation of inflammatory markers
and/or clinical parameters were registered. Authors were contacted in order to clarify
any queries on the study methodology or result.

With the intention to assess quality of selected studies, the scale proposed by
Downs and Black [15] was used. As with previous studies [16], this checklist was
modified slightly: the scoring for question 27 on power was simplified to zero or one-

point, according to presence or absence of sufficient power in the study to detect a
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clinically significant effect. Therefore, articles reporting power of less than 0.80 with
alpha at 0.05 obtained a zero score. The maximum rate for this modified scale was
28 with all specific items scored as either yes (= 1) or no/unable to determine (= 0),
with the exception of item 5, “Are the distributions of principals confounders in each
group of subjects to be compared clearly described?” in which responses were rated
as yes (=2), partially (=1) and no (=0). The ranges of scores were grouped into four
different categories as follows: Excellent (26 to 28), good (20 to 25), fair (15 to 19)
and poor (14 and less) [16]. Articles were evaluated by the same two reviewers
independently, and in case of disagreement, a consensus was obtained after

discussion.

Statistical Analysis

Each clinical sign of periodontal disease was considered an independent
outcome as follows: percentage of sites with bleeding on probing (BoP), probing
depth (PD) and clinical attachment level (CAL). Data regarding systemic
inflammatory markers were not available to be included in the pooled analysis. In
order to answer our review questions, different analyses were performed: 1. to
observe the effect of periodontal therapy only among obese subjects; 2. to compare
the effect of periodontal treatment between obese and non-obese. Meta-analyses
were performed at the longest follow-up. When heterogeneity was not statistically
significant (P>0.05), the fixed-effects model was used; otherwise, the random-effects
model was employed [17]. The software RevMan 5.2 (The Nordic Cochrane Center,

Copenhagen, Denmark, 2011) was used to perform the meta-analyses.

Results

Results from the literature search comprised 489 articles. One hundred forty-
four articles were duplicated and removed, remaining 345 articles for consideration.
After that, title, abstracts and key words were evaluated and 335 articles excluded.
Finally, 10 articles were fully read, and five included in the final review (Figure 1).
Excluded articles and main reason for exclusion are presented in Table 1.

Main results of included articles are present in Table 2. Of all included studies,

two of them evaluated serum levels of C-reactive protein [18, 19], two determined the
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levels of IL-6 and TNF-a [20, 19], two evaluated levels of leptin [19, 21] and only one
assessed levels of IL-1 and INF-Y [20] and levels of adiponectin [21].

All studies presented clinical data of periodontal parameters at baseline and
after treatment in obese and in non-obese subjects. Two of them found no difference
on periodontal response between obese and normal-weight individuals [18, 20],
whereas the remaining studies observed a worse periodontal healing in obese [22,
21, 19]. Three studies also evaluated the levels of circulating pro-inflammatory
cytokines with obese subjects presenting significantly higher levels than their
counterparts at baseline [18-20]. Additionally, all studies detected clinical and
biochemical differences after periodontal therapy in comparison with baseline values.

The assessment of quality of included studies revealed that all of them were
classified as fair quality with values ranging from 15 to 19.

Three studies presented available data to be included in the meta-analysis
considering the effects of periodontal treatment on some clinical parameters of
periodontal disease [20, 19, 21]; one study presented data only concerning BoP [20].
The latter authors were contacted in order to obtain data of remaining outcomes;
nevertheless, the original dataset was not available. Other authors were also
contacted to collect missing data, but no response was obtained. Even with the
reduced number of studies enrolled, the effect of periodontal therapy could be
observed in obese subjects, comparing all clinical parameters at baseline and follow-
up (BoP: P<0.0001, I? 0%; PD: P<0.0001, I*> 0%; CAL: P<0.0001, I> 0%). In all
analyses, as no heterogeneity was observed, the fixed model was employed.
Considering the effects of periodontal therapy on clinical signs of periodontal disease
of obese and non-obese subjects after periodontal treatment, no difference could be
observed for all evaluated parameters (BoP: P=0.19, I 0%; PD: P=0.93, I> 83%;
CAL: P=0.92, 1> 87%). As heterogeneity was present only for PD and CAL, the

random-effects model was used for those analyses.

Discussion

The results of this systematic review and meta-analysis demonstrated that
periodontal therapy could improve clinical signs of periodontal disease in obese
subjects. Additionally, this systemic condition seems to exert no influence on

periodontal healing, when comparing after-treatment results of this group with non-
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obese subjects. It is evident that our results should be carefully considered, once few
studies presented available data to be included in the systematic review. Additionally,
all articles were classified as fair quality, reinforcing our concerns with the obtained
results.

Periodontal therapy seems to be an effective method to improve clinical signs
of periodontal disease among obese individuals. Even though the effects of
periodontal therapy on serum levels of inflammatory markers could not be measured
in this review, it is expected a decrease of pro-inflammatory cytokines at least in
gingival crevicular fluid. This local alteration could be responsible for improving the
immune response towards inflammation resolution in the site-level, promoting
periodontal healing. Similar findings were observed among type Il diabetes
individuals; even though both conditions have distinct etiological pathways [12]. Type
Il diabetes, besides altering the host immune response by increasing the levels of
inflammatory markers, also interferes with both the delivery of nutrition and the
migration of defensive immune cells to the gingival tissues. This, in turn, reduces the
oxygen diffusion and elimination of metabolic waste, exacerbating the disease [23].

Surprisingly our findings comparing the post-treatment results of obese and
non-obese subjects suggested that obesity did not modify the effects of periodontal
treatment. However, it is worth pointing out that only one study followed-up the
enrolled subjects up to 06 months [21], against 02 to 03 months in the others. This
study revealed that obese subjects presented lower improvement of clinical
parameters, suggesting that obesity could modify periodontal healing in the long-
term. Thus, given that periodontal healing can occur until 24 months after therapy
[24] and that it is influenced by local and systemic factors, it is not possible to
assume that periodontal therapy would have similar outcomes in obese and in non-
obese in the long-term. Additionally, as periodontal disease development and
resolution are strongly influenced by oral habits [25], and since obese patients are
more likely to present neglected general and oral health hygiene habits, it is not
possible to presume the long-term effects of the therapy in this specific group [26].

Considering the effects of periodontal therapy in pro-inflammatory cytokines,
no statistical analysis could be performed in our study. Many pro-inflammatory
cytokines were investigated, such as IL-1B, IL-6, TNF-a, as well as, specific
adipokines, like leptin and adiponectin. Despite this variety of mediators studied,

results presented no consensus, once in some reports therapy was responsible for
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decreasing serum levels of the studied protein, whereas in others not. Even with an
improvement of periodontal status among enrolled obese patients post-therapy when
compared to baseline, many of them retained several inflamed residual periodontal
pockets, which might be responsible for maintaining serum levels of pro-inflammatory
cytokines. It was also observed a lack of goal to be achieved by plaque or BoP levels
in order to classify patients as clinically healthy at the end of therapy. Hence, our
results suggest that the effect of periodontal treatment on systemic mediators of
obese subjects should be further investigated.

Even with many reports in the medical field suggesting that obesity may
influence the immune-inflammatory response [27], this is not evident in the
periodontal tissues. Some investigators have studied the effects of adipokines in this
process, looking at the role played by the interaction between leptin, visfatin and
adiponectin [28, 29]. According to Deschner and colleagues [30], the increase in the
first two cytokines, combined with the decrease in the last one could be considered a
“‘pathomechanistic link between obesity and compromised periodontal healing”.

In the present review, several limitations should be taken into consideration.
Firstly, the results obtained in the meta-analysis are fragile, once few studies
presented data to be analyzed. Even with other studies presenting potential data to
be pooled, authors did not respond to any request. Secondly, the small number of
studies precluded the assessment of heterogeneity by using meta-regression and
subgroup analyses, as well as the assessment of publication bias by using funnel
plot and the Egger’s test. Thirdly, it was not possible to combine the results of
immunological markers possibly affected by periodontal therapy. Thus, it was not
possible to measure quantitatively the effects of periodontal treatment on these
mediators. Fourthly, the low number of subjects enrolled in the included studies and
the short follow-up could misrepresent the actual impact of obesity on the healing of
periodontal tissues. As most studies did not present a sample size calculation, it was
not possible to determine if the absence of difference in periodontal healing after
therapy between obese and non-obese subjects was real or if it was due to a lack of
statistical power to identify it. Fifthly, it is worth pointing out that the design of
included studies could also have misrepresented our findings. Even though it has
been shown that obese subjects tend to present neglected hygiene habits and low
socioeconomic status [31, 32], no study concerned about pairing subjects enrolled in

obese and non-obese groups. This might have compromised the comparability
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between groups. Finally, all studies presented a fair quality, signaling that included
studies also presented important limitations in their designs and findings.

In summary, and considering the limits of this systematic review, only
restricted information comparing the effects of periodontal therapy on obese and non-
obese is available in the current literature. Overall, our results suggest that
periodontal therapy is effective to improve clinical outcomes of periodontal disease in
obese subjects. Additionally, obesity seems not exert a modifier effect on periodontal
healing, once obese and non-obese subjects presented similar improvement of
clinical conditions post-therapy. Nevertheless, interventional prospective case-
controls with long-term follow-up, larger number of subjects enrolled and more solid

methodological aspects are required for further investigations.

Conflict of Interest

The authors deny any conflict of interest.

Acknowledgments

The authors are grateful to the Coordination for the Improvement of Higher Education
Personnel (CAPES) for the scholarship provided to GGN (#BEX 13810/13-8) and to
the National Counsel of Technological and Scientific Development (CNPq) for the
scholarship provided to FRML (#BEX 229279/2013-9).



130

References

1. Han DH, Lim SY, Sun BC, Paek DM, Kim HD (2010) Visceral fat area-defined
obesity and periodontitis among Koreans. J Clin Periodontol 37:172-179.
doi:10.1111/j.1600-051X.2009.01515.x

2. Furuta M, Shimazaki Y, Takeshita T, Shibata Y, Akifusa S, Eshima N, Kiyohara Y,
Ninomiya T, Hirakawa Y, Mukai N, Nagata M, Yamashita Y (2013) Gender
differences in the association between metabolic syndrome and periodontal disease:
the Hisayama Study. J Clin Periodontol 40:743-752. doi:10.1111/jcpe.12119

3. Nascimento GG, Seerig LM, Vargas-Ferreira F, Correa FO, Leite FR, Demarco FF
(2013) Are obesity and overweight associated with gingivitis occurrence in Brazilian
schoolchildren? J Clin Periodontol 40:1072-1078. doi:10.1111/jcpe.12163

4. Chaffee BW, Weston SJ (2010) Association between chronic periodontal disease
and obesity: a systematic review and meta-analysis. J Periodontol 81:1708-1724.
doi:10.1902/jop.2010.100321

5. Suvan J, D'Aiuto F, Moles DR, Petrie A, Donos N (2011) Association between
overweight/obesity and periodontitis in adults. A systematic review. Obes Rev
12:€381-404. doi:10.1111/j.1467-789X.2010.00808.x

6. Khader YS, Bawadi HA, Haroun TF, Alomari M, Tayyem RF (2009) The
association between periodontal disease and obesity among adults in Jordan. J Clin
Periodontol 36:18-24. doi:10.1111/j.1600-051X.2008.01345.x

7. Nascimento GG, Leite FR, Correa MB, Horta BL, Peres MA, Demarco FF (2014)
Relationship between periodontal disease and obesity: the role of life-course events.
Braz Dent J 25:87-89

8. Kopelman PG (2000) Obesity as a medical problem. Nature 404:635-643.
doi:10.1038/35007508

9. Cancello R, Clement K (2006) Is obesity an inflammatory illness? Role of low-
grade inflammation and macrophage infiltration in human white adipose tissue.
BJOG 113:1141-1147. doi:10.1111/j.1471-0528.2006.01004.x

10. Bullo M, Garcia-Lorda P, Megias |, Salas-Salvado J (2003) Systemic
inflammation, adipose tissue tumor necrosis factor, and leptin expression. Obes Res
11:525-531. doi:10.1038/0by.2003.74



131

11. Adriaens PA, Adriaens LM (2004) Effects of nonsurgical periodontal therapy on
hard and soft tissues. Periodontol 2000 36:121-145. doi:10.1111/j.1600-
0757.2004.03676.x

12. Correa FO, Goncalves D, Figueredo CM, Bastos AS, Gustafsson A, Orrico SR
(2010) Effect of periodontal treatment on metabolic control, systemic inflammation
and cytokines in patients with type 2 diabetes. J Clin Periodontol 37:53-58.
doi:10.1111/j.1600-051X.2009.01498.x

13. Keller A, Rohde JF, Raymond K, Heitmann BL (2015) The Association Between
Periodontal Disease and Overweight and Obesity: A Systematic Review. J
Periodontol:1-15. doi:10.1902/jop.2015.140589

14. Papageorgiou SN, Reichert C, Jager A, Deschner J (2015) Effect of
overweight/obesity on response to periodontal treatment: systematic review and a
meta-analysis. J Clin Periodontol. doi:10.1111/jcpe.12365

15. Downs SH, Black N (1998) The feasibility of creating a checklist for the
assessment of the methodological quality both of randomised and non-randomised
studies of health care interventions. J Epidemiol Community Health 52:377-384

16. Tan L, Wang MJ, Modini M, Joyce S, Mykletun A, Christensen H, Harvey SB
(2014) Preventing the development of depression at work: a systematic review and
meta-analysis of universal interventions in the workplace. BMC Med 12:74.
doi:10.1186/1741-7015-12-74

17. DerSimonian R, Laird N (1986) Meta-analysis in clinical trials. Control Clin Trials
7:177-188

18. Al-Zahrani MS, Alghamdi HS (2012) Effect of periodontal treatment on serum C-
reactive protein level in obese and normal-weight women affected with chronic
periodontitis. Saudi Med J 33:309-314

19. Altay U, Gurgan CA, Agbaht K (2013) Changes in inflammatory and metabolic
parameters after periodontal treatment in patients with and without obesity. J
Periodontol 84:13-23. doi:10.1902/jop.2012.110646

20. Zuza EP, Barroso EM, Carrareto AL, Pires JR, Carlos 1Z, Theodoro LH, Toledo
BE (2011) The role of obesity as a modifying factor in patients undergoing non-
surgical periodontal therapy. J Periodontol 82:676-682. doi:10.1902/jop.2010.100545
21. Dias Goncalves TE, Feres M, Zimmermann GS, Faveri M, Figueiredo LC, Braga
PG, Duarte PM (2014) Effects of Scaling and Root Planing on Clinical Response and



132

Serum Levels of Adipocytokines in Obese Patients With Chronic Periodontitis. J
Periodontol:1-12. doi:10.1902/jop.2014.140266

22. Suvan J, Petrie A, Moles DR, Nibali L, Patel K, Darbar U, Donos N, Tonetti M,
D'Aiuto F (2014) Body mass index as a predictive factor of periodontal therapy
outcomes. Journal of Dental Research 93:49-54. doi:10.1177/0022034513511084
23. Kumar M, Mishra L, Mohanty R, Nayak R (2014) "Diabetes and gum disease:
The diabolic duo". Diabetes Metab Syndr 8:255-258. doi:10.1016/j.dsx.2014.09.022
24. Graziani F, Laurell L, Tonetti M, Gottlow J, Berglundh T (2005) Periodontal
wound healing following GTR therapy of dehiscence-type defects in the monkey:
short-, medium- and long-term healing. J Clin Periodontol 32:905-914.
doi:10.1111/j.1600-051X.2005.00789.x

25. van der Weijden F, Slot DE (2011) Oral hygiene in the prevention of periodontal
diseases: the evidence. Periodontol 2000 55:104-123. do0i:10.1111/j.1600-
0757.2009.00337.x

26. Franchini R, Petri A, Migliario M, Rimondini L (2011) Poor oral hygiene and
gingivitis are associated with obesity and overweight status in paediatric subjects. J
Clin Periodontol 38:1021-1028. doi:10.1111/j.1600-051X.2011.01770.x

27. Karlsson EA, Beck MA (2010) The burden of obesity on infectious disease. Exp
Biol Med (Maywood) 235:1412-1424. doi:10.1258/ebm.2010.010227

28. Nokhbehsaim M, Keser S, Jager A, Jepsen S, Deschner J (2013) Regulation of
regenerative periodontal healing by NAMPT. Mediators Inflamm 2013:202530.
doi:10.1155/2013/202530

29. Nokhbehsaim M, Keser S, Nogueira AV, Cirelli JA, Jepsen S, Jager A, Eick S,
Deschner J (2014) Beneficial Effects of Adiponectin on Periodontal Ligament Cells
under Normal and Regenerative Conditions. J Diabetes Res 2014:796565.
doi:10.1155/2014/796565

30. Deschner J, Eick S, Damanaki A, Nokhbehsaim M (2014) The Role of Adipokines
in Periodontal Infection and Healing. Mol Oral Microbiol. doi:10.1111/omi.12070

31. Adair LS, Fall CH, Osmond C, Stein AD, Martorell R, Ramirez-Zea M, Sachdev
HS, Dahly DL, Bas I, Norris SA, Micklesfield L, Hallal P, Victora CG, group C (2013)
Associations of linear growth and relative weight gain during early life with adult
health and human capital in countries of low and middle income: findings from five
birth cohort studies. Lancet 382:525-534. doi:10.1016/S0140-6736(13)60103-8



133

32. Thomson WM, Sheiham A, Spencer AJ (2012) Sociobehavioral aspects of
periodontal disease. Periodontol 2000 60:54-63. doi:10.1111/j.1600-
0757.2011.00405.x



134

Figure Captions

Fig. 1 Flow-chart of identification and selection process of studies

Fig. 2 Clinical outcomes before and after periodontal therapy in obese subjects. A.
Bleeding on Probing (%); B. Probing Depth (PD); C. Clinical Attachment Loss (CAL)
Fig. 3 Post-therapy clinical outcomes in obese and non-obese subjects. A. Bleeding
on Probing (%); B. Probing Depth (PD); C. Clinical Attachment Loss (CAL)
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Table 1. Main reasons for exclusion of studies

Study Main reason for exclusion

Acharya et al., 2010 No data available considering only obese subjects
Eldin et al., 2013 No definition of periodontal disease

Lopez et al., 2012 No data available considering only obese subjects
Offenbacher et al., 2009 No data available considering only obese subjects

Pavez Correa et al., 2011 Presence of subjects with systemic disease (Diabetes Mellitus)
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s weight gain associated with
the incidence of periodontitis? A
systematic review and meta-
analysis

Nascimento GG, Leite FRM, Do LG, Peres KG, Correa M B, Demarco FF, Peres
MA. Is weight gain associated with the incidence of periodontitis? A systematic
review and meta-analysis. J Clin Periodontol 2015, doi:10.1111]jcpe.12417.

Abstract

Aim: This study aimed to conduct a systematic review assessing the effects of
weight gain on the incidence of periodontitis in adults.

Methods: Electronic searches in four databases were performed up to and includ-
ing February 2015. Only prospective longitudinal studies assessing the association
between weight gain and the incidence of periodontitis in adults were eligible to
be included in this study. All studies should state a clear description of nutritional
status (Body Mass Index; Waist Circumference) as well as the case definition of
periodontitis. Pooled relative risks (RR) for becoming overweight and obese on
the incidence of periodontitis were estimated by meta-analysis. Quality was
assessed with the Newcastle-Ottawa scale for cohort studies.

Results: Five articles were included in this review and meta-analysis with 42,198
subjects enrolled. Subjects who became overweight and obese presented higher
risk to develop new cases of periodontitis (RR 1.13; 95%CI 1.06-1.20 and RR
1.33 95%CI 1.21-1.47 respectively) compared with counterparts who stayed in
normal weight.

Conclusions: A clear positive association between weight gain and new cases of
periodontitis was found. However, these results are originated from limited evi-
dence. Thus, more studies with longitudinal prospective design are needed.
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Body weight tends to remain stable
in most adult individuals for long
periods of time (Jequier & Tappy
1999). In this context, it is possible
to assume that regulatory processes
coordinate the dietary fuel supply
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with energy requirements with the
intention of maintaining a stable
body mass and adipose reservoir
(Schwartz et al. 1999). However,
when an unbalance between calorific
intake and energy expenditure
occurs, the body may excessively
accumulate fat leading to overweight
and further to obesity (Martinez
et al. 2014). According to the World
Health Organization recommenda-
tion, subjects whose Body Mass
Index (BMI) is between 25 and 29.9
are considered overweight, whereas

© 2015 John Wiley & Sons A/S. Published by John Wiley & Sons Ltd

those whose BMI is equal or greater
than 30 are considered obese (WHO
2000).

Obesity can be defined as a sys-
temic disease characterized by exces-
sive body fat accumulation that can
lead to adverse impacts on health
conditions (Kopelman 2000, WHO
2000). Its prevalence has risen not
only in high-income but also in med-
ium- and low-income countries, con-
suming large amounts of health care

resources (WHO 2000, Specchia
et al. 2014). Several reports have
1


info:doi/10.1111/jcpe.12417

2 Nascimento et al.

demonstrated the adverse effects of
obesity on chronic health outcomes,
such as diabetes, cardiovascular dis-
ease, infectious diseases and cancer
(Falagas & Kompoti 2006, Kahn
et al. 2006, Van Gaal et al. 2006,
Friedman 2009).

Amongst the most prevalent
chronic diseases, periodontitis is a
destructive condition affecting the
supporting structures of the teeth,
which develops through an inflam-
matory process mainly induced by
the presence of a microbial biofilm
(Van Dyke & van Winkelhoff 2013).
It is beyond dispute that besides the
role played by periodontopathogens,
the quality of the host immune
response is also responsible for the
transition from health to disease
(Cekici et al. 2014). The interplay
between immune system and peri-
odontal bacteria challenge deter-
mines not only the establishment but
also the severity of disease progres-
sion (Cekici et al. 2014). As peri-
odontitis presents itself in cycles of
progression and latency, when an
unbalance in this interplay occurs, it
is expected a greater susceptibility
for active destruction. This, in turn,
is affected by other systemic risk fac-
tors (Montero et al. 2011).

Previous reports have demon-
strated a  positive  association
between fat accumulation and peri-
odontitis (Al-Zahrani et al. 2003,
Han et al. 2010). Different mecha-
nisms have been proposed to explain
this possible association. Essentially,
macrophage infiltration driven by
cell apoptosis at the core of the
excessive adipose tissue may induce
a generalized chronic low-grade
inflammation, with those becoming
obese and overweight being more
susceptible to infectious diseases
than their counterparts who are nor-
mal weight (Falagas & Kompoti
2006). Considering the infectious
nature of periodontitis, it is expected
that a similar relationship between
obesity and periodontitis may exist,
such as found between obesity and
other infectious diseases, like respira-
tory and skin infections (Falagas &
Kompoti 2006).

Systematic reviews exploring the
association between obesity/over-
weight and periodontitis have cor-
roborated the positive association
between those conditions (Chaffee &
Weston 2010, Suvan et al. 2011,

Moura-Grec et al. 2014). Neverthe-
less, even with those reviews the
effects of changes in the nutritional
status, especially weight gain, on
periodontal disease are not evident,
leaving a gap in the literature. Fur-
thermore, no information about
development of new cases of peri-
odontitis is addressed in those
reports, thus, the role of weight gain
in the establishment of periodontal
disease is not clear. Studying inci-
dence cases is a more appropriate
approach to estimate such an associ-
ation, as prevalence cases could
underestimate the magnitude of this
association, and result in biased cau-
sal effects in variables that change
with time (Heaton et al. 2014).

We previously hypothesized that
individuals experiencing more weight
gain will present with higher risk of
developing periodontitis, than those
with less or without weight gain on
the basis of the evidence from cross-
sectional studies reporting relation-
ship between nutritional status and
periodontitis and the occurrence of
cumulative inflammatory condition
caused by fat accumulation (Nasci-
mento et al. 2014). However, the
cross-sectional studies suffer with
issues of temporality while longitudi-
nal studies are able to address this.
Considering the limitations of cross-
sectional studies and the lack of con-
clusive evidence from longitudinal
studies on this relationship, this
study conducted a systematic review
of prospective longitudinal studies
assessing the effects of weight gain,
with individuals becoming over-
weight or obese, on the incidence of
periodontitis in adults.

Methods
Review questions

1 Is weight gain leading to over-
weight associated with the inci-
dence of periodontitis in adults?

2 Is weight gain leading to obesity
associated with the incidence of
periodontitis in adults?

Inclusion and exclusion criteria

Original prospective observational
studies which assessed the associa-
tion between weight gain and inci-
dence of periodontitis in adults
aged 18 or older were included in
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this systematic review. At least two
time points for both exposure and
outcome were required to fulfil the
inclusion criteria. All studies should
state a clear description of nutri-
tional status, such as Body Mass
Index, Waist Circumference, as well
as the case definition for periodonti-
tis. In each study, the case defini-
tion for periodontitis determined by
the authors was respected. Case—
control, cross-sectional studies, lon-
gitudinal retrospective studies, ani-
mal studies, in-vitro studies, letters
to the editor and reviews were
excluded.

Search strategy

An electronic search was conducted
without initial date restriction up to
and including February 2015 in Pub-
Med via Medline, Embase, Web of
Knowledge and Scopus to identify
studies that prospectively analysed
the effect of weight gain during time
on the incidence of periodontitis in
adults after follow-up. An initial
search was conducted on PubMed
with the following MeSH and free
terms:  “(“Periodontal  diseases”
[Mesh] OR “Periodontitis [Mesh]”
OR “Chronic Periodontitis” [Mesh])
AND (“Obesity”’[Mesh] OR “Over-
weight”[Mesh] OR “Obesity,
Abdominal’[Mesh] OR “Body Fat
Distribution”[Mesh] OR “Abdomi-
nal Fat”[Mesh] OR “Intra-Abdomi-
nal Fat”[Mesh] OR  “Waist
Circumference”[Mesh]) OR “Waist-
Hip Ratio”[Mesh]) OR “Body Mass
Index”’[Mesh] OR “Weight Gain”
[all] OR “Weight Changes” [all] OR
“Nutritional Status” [all] OR “Body
composition” [all])”. The search was
conducted in a second time with the
inclusion of specific filters for pro-
spective studies in the search strat-
egy. Strategies used for specific
databases are detailed in the Appen-
dix S1. No language restrictions
were applied in any search.

All references were managed in the
software EndNote X7 (Thomson Reu-
ters, New York, NY, USA). Duplicate
references were excluded. Titles,
abstracts and key words were screened
based on the inclusion and exclusion
criteria by two reviewers indepen-
dently (GGN and FRML). Lists were
compared and in case of disagreement,
a consensus was reached by discus-
sion. Assessment of the full articles

© 2015 John Wiley & Sons A/S. Published by John Wiley & Sons Ltd



identified in the initial screening was
performed by the same two reviewers.
In addition to the electronic search, a
hand search was performed in the ref-
erence list of all included studies by
the same reviewers. Predefined data
collection worksheets were employed
for the assessment of each selected
publication. This systematic review
followed the PRISMA statements
(Moher et al. 2009).

Data extraction and quality assessment

After the first screening, the follow-
ing data were sought from articles
with potential to be included in the
review: author’s name, country
where the study was conducted, sam-
ple size and its main characteristics,
subjects enrolment, follow-up period,
classification criteria for periodonti-
tis, clinical examination data col-
lected, parameters to determine the
incidence of periodontitis, definition
and assessment of nutritional status,
and presence and type of adjustment
in the statistical analysis. In addi-
tion, to conduct meta-analysis, effect
measures (Relative Risk — RR) with
respective 95% Confidence Intervals
(95%CI) were also  recorded.
Authors were contacted to clarify
any queries on the study methodol-
ogy or result. Data were extracted
by the same two reviewers. Cases of
disagreement were discussed until a
consensus was reached.

The specific version of the New-
castle-Ottawa scale for cohort stud-
ies was used to assess the quality of
included studies (Wells et al. 2001).
The scale comprises eight items dis-
tributed in three dimensions: (a)
selection of study groups; (b) compa-
rability of study groups; (c) assess-
ment of outcome and adequacy of
follow-up (Appendix S2). Each item
scored 1 point, except for one (Com-
parability dimension) that could
score at most 2 points. Thus, total
score could range from 0 to 9 points.
Studies with 7-9 points (approxi-
mately 80% or more of the domains
satisfactorily fulfilled) were arbi-
trarily considered to be of high qual-
ity, whereas studies with 5-6 points
were classified as moderate quality
and studies with less than 5 points
were of low-methodological quality
(Zangrando et al. 2015). Finally, the
overall quality of evidence was esti-
mated according to the GRADE

145

Weight gain & incidence of periodontitis 3

guideline  (Guyatt et al.  2008).
Papers were evaluated by the same
two referees independently and dis-
agreements were decided by consen-
sus after discussion.

Statistical analysis

Two different meta-analyses were
conducted considering the review
questions: (1) association between
becoming overweight and the inci-
dence of periodontitis; (2) associa-
tion between becoming obese and
the incidence of periodontitis. Only
adjusted results were included in the
analysis, once two reports did not
present the crude effect size. For
each model, a combined relative risk
effect was obtained with fixed- and
random-effect models. If heterogene-
ity was present (p < 0.05) the ran-
dom-effect model was employed
(DerSimonian & Laird 1986). One
study presented missing data, how-
ever, after contacting authors, values
to be included in the meta-analysis
were provided. As the effect measure
presented by the authors was odds
ratio, a conversion into relative risk
was needed. For this, data were con-
verted according to the formula pro-
posed by Zhang and Yu:

odds ratio

ﬁﬁ = N . PR
1 — riskg + riskg x odds ratio

where, riskq is the risk of having a
positive outcome in the control or
unexposed group (Zhang & Yu 1998).
As different relative risk measures
were used, a sensitivity analysis was
performed to verify the influence of
these results in the pooled effect for
both exposures. All analyses were
conducted using Stata 12.0 software
(StataCorp., College Station, TX,
USA).

Results

Electronic database search revealed
1,398 articles. From those, 471 were
duplicated and subsequently removed.
A total of 927 articles were included for
title and abstract evaluation. Figure 1
displays the flow chart of studies selec-
tion. From those, 12 articles were
included for full text review. Further
seven of those 12 were excluded after
full text appraisal conducted indepen-
dently by two reviewers. Table 1

© 2015 John Wiley & Sons A/S. Published by John Wiley & Sons Ltd

presents main reasons for exclusions of
those seven papers.

Therefore, five studies fulfilled the
criteria to be included in this review
and meta-analysis. The study of Mo-
rita et al. (2011) was included twice
in the analyses, as it presented
results stratified by gender. Table 2
displays the main findings of
included  studies. The samples
enrolled in the studies that fulfilled
all inclusion criteria totalled 42,198
study participants. According to the
Newcastle-Ottawa scale included
studies scored as follows: 6 (Ekuni
et al. 2014) indicating a moderate
methodological quality; 7 (Morita
et al. 2011, Jimenez et al. 2012); 8
(Saxlin et al. 2010); and 9 (Gorman
et al. 2012b), indicating high meth-
odological quality (Fig. 2). The over-
all quality of evidence applying the
GRADE approach was moderate for
both meta-analyses (Table S1).

All studies were conducted in
high-income countries, with one
in Finland (Saxlin et al. 2010), two
in Japan (Morita et al. 2011, Ekuni
et al. 2014) and two in the United
States of America (Gorman et al.
2012b, Jimenez et al. 2012). One
study used self-reported data for
periodontal disease (Jimenez et al.
2012), whereas the others used clini-
cal measures: probing depth (Saxlin
et al. 2010, Morita et al. 2011, Gor-
man et al. 2012b, Ekuni et al.
2014), clinical attachment loss and
alveolar bone loss (Gorman et al.
2012b) and Community Periodontal
Index (Ekuni etal. 2014). For
nutritional status assessment, the
Body Mass Index was used in all
articles, however, one used the self-

reported measure (Jimenez et al.
2012). All studies also presented
adjusted results for sociodemo-

graphic, behavioural and oral health
variables.

Meta-analysis  considering  the
effects of weight gain on the inci-
dence of periodontitis showed that
subjects who became overweight had
greater risk to develop new cases of
periodontitis (RR 1.13; 95% CI
1.06-1.20) (Fig. 3) as well as those
who became obese (RR 1.33 95% CI
1.21-1.47) compared with counter-
parts who stayed normal weight for
the same period (Fig. 4). In both
analyses, heterogeneity was not sig-
nificant (p > 0.05); therefore the
fixed-effect model was employed.
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Databases used
* PubMed (n = 438) ™

Records identified through
database searching (n = 1398)

¢ Scopus (n = 80)
¢ Embase (n = 25)
* Web of Science (n = 855)

T @=41)

Records remaining after 1st
screening (n = 927)

Records excluded by title and
i abstracts (n = 915)

Dataset included for full text
reading (n = 12)

Studi luded after full text

: reading i
: @=17) :

Studies included in the e e e e i
systematic review (n = 5)

Studies included in the meta-
analyses (n = 5)

Fig. 1. Flow chart of studies selection for the systematic review according to inclusion

and exclusion criteria.

Table 1. Excluded studies and main reason for exclusion

Study Country

Reason for exclusion

Reeves et al. (2006)

America
Linden et al. (2007) United Kingdom
Saxlin et al. (2011) Finland
de Castilhos et al. (2012) Brazil
Ostberg et al. (2012) Sweden

Gorman et al. (2012a)
America

Buduneli et al. (2014) Turkey

United States of

United States of

Cross-sectional study

Longitudinal Retrospective study

Cross-sectional study

Longitudinal Retrospective study

No data regarding periodontal disease

Same sample from a previous study
included in this review

Cross-sectional study

The omission of any study would
not modify the association for both
exposures as indicated by Figs 5 and
6.

Discussion

The present findings demonstrated that
individuals who became overweight or
obese presented higher risk to develop
new cases of periodontitis than those
who stayed normal weight in the same
period. These findings support our pre-
vious hypothesis that fat accumulation
could play a role in the development of
periodontitis in adults, suggesting that
incidence of periodontal disease
increases with the rise of body fat accu-
mulation. A positive association
between periodontal disease and obes-
ity has been demonstrated across many
reports (Al-Zahrani et al. 2003, Dalla

Vecchia et al. 2005, Kongstad et al.
2009, Han et al. 2010). Most of them
used a cross-sectional design, which
prevented establishing temporal rela-
tionships between the presumed expo-
sures and outcome. As a consequence,
the actual association between those
conditions remains unclear. Prospective
longitudinal studies are reliable sources
of evidence, with temporal inferences
able to be determined (de Castilhos
et al. 2012). Hence, to the best of
authors” knowledge, this is the first sys-
tematic review with meta-analysis anal-
ysing only prospective longitudinal
studies exploring the association
between weight gain and its effects on
the incidence of periodontitis.

Given the results, some mecha-
nisms linking weight gain with peri-
odontitis could be addressed. First,
the white adipose tissue works as an
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endocrine organ, responsible for
secreting different types of specific
cytokines: adipocytokines, such as
resistin, leptin and adiponectin; as
well as non-specific cytokines such
as interleukins and tumour necrosis
factors (Kershaw & Flier 2004, Tilg
& Moschen 2006). Furthermore, as
adipose tissue volume expands dur-
ing weight gain some adipocytes
could initiate apoptosis due to
hypoxia, caused mainly by the con-
straint of blood vessels responsible
for cellular nutrition (Neels &
Olefsky 2006). This situation also
leads to recruitment of macrophages
especially around dead adipocytes,
exacerbating the inflammatory fra-
mework in an upregulation feedback
(Neels & Olefsky 2006). The combi-
nation of these situations promotes a
chronic generalized low-grade
inflammation that alters the host
immune innate response threshold
making obese and overweight sub-
jects more susceptible to infectious
diseases than normal weight ones
(Falagas & Kompoti 2006, Morgan
et al. 2010). In addition, it is sug-
gested that lipopolysaccharide (LPS)
of gram-negative periodontal bacte-
ria could lead to hepatic dyslipida-
emia and insulin resistance (Pischon
et al. 2007). As the inflammation
framework seems to be exacerbated
by the increase in fat accumulation,
it is expected that subjects with
higher fat accumulation would pres-
ent worse prognosis facing an infec-
tious challenge, such as
periodontitis, compared to those less
obese, corroborating our findings.
Evidence suggests that other
mechanisms rather than the biologic
might play a role in this association.
Given that both conditions, obesity/
overweight and periodontitis, are
chronic diseases, it is expected that
they share common risk factors,
such as low socioeconomic position
(Thomson et al. 2012, Adair et al.
2013). As subjects from a disadvan-
taged background present higher
prevalence rates of obesity and over-
weight (Adair et al. 2013) and peri-
odontitis, a consistent social pattern
is observed. Thomson and colleagues
(Thomson et al. 2012) also stated
that at least part of the socioeco-
nomic variation in periodontitis
could be influenced by this associa-
tion. This relationship, however,
seems to vary during the life-course,

© 2015 John Wiley & Sons A/S. Published by John Wiley & Sons Ltd
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Ekunietal, 2014

Jimenez etal., 2012

Gorman et al., 2012

Morita et al., 2011

Saxlin et al., 2010

m Selection

= Comparability

® Qutcome

T T T T
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Fig. 2. Methodological quality of included studies according to the NOS-scale for

cohort studies.

Study RR (95% CI) % Weight
Saxlin et al., 2007 ( - 1.20 (0.70, 1.80) 1.67
Morita et al., 2011 (w) = ) 1.70 (1.15, 2.55) 2.35
Morita et al., 2011 (m) -‘—4— 1.30 (1.11, 1.53) 14.48
i
Gorman et al., 2012 —— 1.09 (0.92, 1.30) 12.47
Jimenez et al., 2012 ——— 1.09 (1.01, 1.17) 68.95
: ya : N
Ekuni et al., 2014 < - 2 0.54(0.05, 4.08) 0.08
1
Overall (i° = 41.6%, p = 0.128) <> 1.13 (1.06, 1.20) 100.00
T T

0.7 1

2

Fig. 3. Pooled effect of becoming overweight on the incidence of periodontitis. Data
are presented as relative risk for each study (boxes), 95% Cls (horizontal lines) and
summary as relative risk with 95% CI (diamond).
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Fig. 4. Pooled effect of becoming obese on the incidence of periodontitis. Data are
presented as relative risk for each study (boxes), 95%CI (horizontal lines) and sum-
mary as relative risk with 95%CI (diamond).

once prevalence rates of obesity
increase since early life, whereas an
unfavourable periodontal status is
more evident in adulthood. The dif-
ferences in effects of socioeconomic

positions on this association between
the high and lower — middle income
countries could not be highlighted as
all the selected studies were from
higher income countries. Further-
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more, considering that it is quite evi-
dent that the patterns of inequalities
are different between these two dis-
tinct groups of countries, the effects
may vary significantly (Lima-Costa
et al. 2012).

Some  methodological  details
should be addressed. Morita et al.
(2011) used a different cut-off point
of BMI to assess overweight and
obesity, modified according to their
sample. In the study of Gorman
et al. (2012b) just data regarding
probing depth were used. Even with
the limitations of this measure, it
was also used for three studies
included in this analysis. All studies
considered incidence as the develop-
ment of disease in sites/teeth that
were free of disease at baseline. In
three of them (Saxlin et al. 2010,
Morita et al. 2011, Jimenez et al.
2012), only periodontally health sub-
jects were included at Dbaseline,
whereas in the remaining, subjects
with periodontitis at baseline were
enrolled; in those, incidence was con-
sidered the increment of cases from
baseline assessment. The small num-
ber of studies that fulfilled the inclu-
sion criteria precluded the statistical
and the visual assessments for publi-
cation bias. The Egger’s test has sev-
eral limitations when the number of
included studies is lower than 20
(Egger & Smith 1998); and the inter-
pretation of a funnel-plot with a
small number of studies could mis-
represent the actual findings.

Our results however should be
considered in the context of some lim-
itations. First, only a few number of
studies fulfilled the inclusion criteria
defined for this review, and almost all
of them presented positive results.
Thus, it is not possible to define if
longitudinal ~ prospective  studies
exploring this association have not
been conducted, or if studies with
negative results have not been pub-
lished. Second, it was just possible to
perform pooled analyses with data
regarding probing depth. Even
though it is a useful measure to detect
periodontal disease, the clinical
attachment loss should be preferred,
as it is more reliable measure to diag-
nose disease. Third, one included
study (Jimenez et al. 2012) presented
only self-reported data for nutritional
status so as for periodontal disease
with possible recall bias. Even with
previous reports validating the self-

© 2015 John Wiley & Sons A/S. Published by John Wiley & Sons Ltd
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Fig. 5. Sensitivity analysis demonstrating the influence of each study in the pooled
effect of becoming overweight on the incidence of periodontitis. Data are presented as
new overall relative risk for each study omission (circles) and 95%CI (horizontal

lines).
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Fig. 6. Sensitivity analysis demonstrating the influence of each study in the pooled
effect of becoming obese on the incidence of periodontitis. Data are presented as new
overall relative risk for each study omission (circles) and 95%CI (horizontal lines).

reported nutritional status (Rimm
et al. 1990) and periodontitis (Joshi-
pura et al. 2002) used by the authors,
it is unclear the impact of such mea-
sures on the association between both
conditions. This fact impacted nega-
tively on the overall quality of the evi-
dence estimated with the GRADE
approach. Fourth, one study (Ekuni
et al. 2014) evaluated periodontitis
using the Community Periodontal

Index, which could have misrepre-
sented the incidence of periodontitis.
However, after contacting the
authors, data regarding probing
depth were provided, which allowed
us to include this study in the analy-
ses. Last, the young age of partici-
pants enrolled in the study of Ekuni
et al. (2014) and the considerable
short follow-up period of the studies
could have underestimated the mag-

© 2015 John Wiley & Sons A/S. Published by John Wiley & Sons Ltd

nitude of such association, as many
cases of periodontitis could have
taken longer period until a clinical
sign was observed. Also, in a young
population, the incidence of peri-
odontitis is low due to the chronicity
of this disease.

Regardless of the limitations, it is
worth pointing out some strengths
of our review. Initially, as only pro-
spective studies were included, the
temporal effects of weight gain on
the incidence of periodontitis could
be observed. As aforementioned, to
the best of authors’ knowledge, no
previous systematic review explored
this topic previously, supporting in a
very explicit way the actual impact
of weight gain on the incidence of
periodontal disease. The pooled esti-
mates obtained with the meta-analy-
ses showed a positive association
between weight gain and periodonti-
tis development, corroborating the
findings of almost all the included
studies. Even though some studies
did not present a statistically signifi-
cant association in their individual
results, the positive association was
achieved in the meta-analyses due to
the increased sample size. Second,
the use of incident cases as outcomes
rather than prevalent ones should
also be highlighted, as use of the lat-
ter could underestimate the actual
association (Heaton et al. 2014).
Third, the meta-analyses conducted
presented pooled results from high-
quality articles totalling more than
40,000 people enrolled. These facts
could counterbalance the low num-
ber of studies included in the review
providing a strong evidence of this
association, not only due to the
number of subjects but also to the
quality of results. Even though
the study of Ekuni et al. (2014) was
classified as moderate risk of bias,
this study presented low weight in
the analyses (0.28% in the over-
weight model and 0.08% in the
obesity model), not influencing our
results as demonstrated by the sensi-
tivity analyses. Fourth, all combined
results were originated from adjusted
analyses. These results were con-
trolled by potential confounders and
mediators of the relationship
between weight gain and periodonti-
tis, such as diabetes and smoking. It
may reduce the likelihood of bias
providing more solid findings. How-
ever, confounders such as medica-
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tion intake and other systemic dis-
eases should be considered in future
studies, since it remains unclear the
role played by those in the relation-
ship between weight gain and peri-
odontitis. Finally, the sensitivity
analysis estimated the effect of omit-
ting each study in the combined
result, supporting the relevance of
our findings. This analysis justifies
our methodological option to pool
studies with distinct relative risk
measures as well as to include the
study with self-reported data.

The results of our systematic
review and meta-analyses clearly
demonstrated the effects of weight
gain on the incidence of periodontal
disease. However, this evidence is
originated from limited studies iden-
tified after extensive and careful
searches. Our findings also suggest
that further studies with prospective
design exploring this association are
needed with further follow-up peri-
ods not only in high-income coun-
tries, but especially in those low- and
middle-income, where the prevalence
of obesity and periodontitis is
greater. As those conditions share
key risk factors, their prevention
should be based on a common risk
factor approach (Sheiham & Watt
2000), which seems to be more ratio-
nale than focusing on only one spe-
cific condition. Also, clinicians
should be aware of the role played
by weight gain on the development
of new cases of periodontitis, as it
seems to be a risk factor for the
establishment of such condition.
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Clinical Relevance

Scientific rationale for the study:
Previous systematic reviews found
positive association between obes-
ity and periodontal disease. How-
ever, none of them explored the
effects of weight gain on the inci-
dence of periodontitis.

Principal ~ findings: A relationship
between weight gain and incidence
of periodontal disease was demon-
strated. Thus, subjects who became
obese and overweight presented
higher risk than those who were nor-
mal weight to develop periodontitis.
In addition, those who became obese

were at higher risk of having peri-
odontitis than overweight subjects.
Practical implications: Clinicians
should be aware of the role played
by weight gain on the development
of periodontitis.
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Abstract

Aim: To estimate the controlled direct effects of overtime changes in
obesity/overweight on periodontal outcomes in a cohort of Brazilian adults by
comparing conventional regression and Marginal Structured Modelling (MSM) using
inverse probability weights.

Methods: Obesity/overweight was assessed in 2009 (n=1,720) and 2012 (n=1,222).
Participants with =1 episode of obesity/overweight in the follow-up period comprised
the comparison category. Periodontal outcomes were: i) Percentage of teeth with
bleeding on probing (BOP) and ii) Combination of BOP and Clinical Attachment Loss
(CAL). Hypertension and depression were set as mediators. All analyses controlled
for baseline confounders.

Results: 1,076 participants presented periodontal data. Central obesity was
associated with BOP and CAL in both conventional regression (Rate Ratio-RR 2.17)
and MSM (RR 1.85) after adjustment for hypertension and confounders. General and
central obesity were associated with BOP and CAL in the conventional regression
and MSM (RR 1.86 and RR 2.35 respectively) after adjustment for depression and
confounders. General obesity had an effect on the percentage of BOP (RR 1.39 for
hypertension as mediator; RR 1.38 for depression as mediator) using conventional
regression. No effect was noted using MSM.

Conclusions: Overweight/obesity has a controlled direct effect on unfavorable
periodontal outcomes. Conventional regression overestimated these associations.
Key words: Periodontitis; Nutritional Status; Inverse Probability Weighting; Causal

Inference; Mediation; Longitudinal Studies; Cohort Studies.
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Clinical Significance

Scientific rationale for the study: Previous longitudinal studies investigating the
relationship between overweight/obesity and periodontal diseases have not
considered the longitudinal design in the analytical approach used thus limiting the
inferences drawn.

Principal findings: Overweight/obesity, especially the abdominal one, is associated
with unfavorable periodontal outcomes, independently of hypertension and
depression. Conventional regression methods overestimated such association in
most analyses.

Practical implications: Clinicians and public policy makers should interpret with
caution the results from previous studies. Researchers are encouraged to use

current epidemiologic methods for causal inference.
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Introduction

Obesity has been associated with adverse effects on chronic health
conditions, such as type Il diabetes, hypertension, depression, infectious diseases
and all-cause mortality (Falagas and Kompoti, 2006, Friedman, 2009, Berrington de
Gonzalez et al.,, 2010). Systematic reviews support an association between
nutritional status and periodontal disease (Chaffee and Weston, 2010, Suvan et al.,
2011).

Mechanisms were proposed to explain the relationship between obesity and
periodontal disease. The expansion of adipose tissue during weight gains constraints
blood vessels causing macrophage migration into this tissue, which may induce a
generalized chronic low-grade inflammation. Other systemic conditions seem to
exacerbate this inflammatory load, such as depression and hypertension. The
increased blood pressure affects collagen and bone metabolism. It also impacts on
the gingival arteriolar wall thickening leading to a precarious local immune response
(Tsioufis et al., 2011). When obesity is associated with depression, it increases the
levels of pro-inflammatory circulating cytokines and alters the immune response via
limbic—hypothalamic—pituitary—adrenal axis and the sympathetic nervous system,
exacerbating the inflammation (Warren et al., 2014). Furthermore, depression can
influence health-related behaviors, e.g. oral hygiene, impacting on periodontal
disease development (Aleksejuniene et al., 2002).

A systematic review focusing on prospective longitudinal studies showed that
weight gain increases the incidence of periodontal disease in adults (Nascimento et
al., 2015). However, the few included studies suffer from methodological limitations,
since they used a similar analytical approach for confounders and mediators in the
analysis. Therefore, it might have produced biased results.

Robins and colleagues (2000) proposed a new model to analyze longitudinal
data with time varying confounders and mediators (Robins et al., 2000). Marginal
structural models (MSM) are a new class of causal models that distinguishes
between confounder and mediators in the analysis, reducing the gap left for
conventional regression methods to assess mediation (Lange et al., 2014, Nandi et
al., 2012). Furthermore, by dealing with potential confounding by measured
covariates through weighting rather than conditioning on covariates, MSM allows for
the identification of direct effects even in settings in which conventional approaches

are biased (Robins et al., 2000). This technique is also considerably relevant for
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observational studies when exposures cannot be allocated in a randomized
intervention, such as overweight/obesity, because it simulates a randomized
controlled trial scenario. Despite these advantages MSMs are starting to make their
way into the dental field recently (Chaffee et al., 2014).

This study aimed to investigate the effects of obesity/overweight on
periodontal disease, controlled for well-known general chronic diseases mediators, in
a population-based cohort of Brazilian adults. We also compared results by using
MSM with estimates obtained using conventional regression. Additionally, we
estimated the effects of eliminating obesity in the population and in the exposed
individuals. We hypothesize that overweight/obesity has a direct effect on periodontal
outcomes independently of the mediating factors; and that the estimates obtained
from conventional methods undermine the association between overweight/obesity

and periodontal disease.

Methods
Study population and sampling

A population-based cohort study of adults residing in Floriandpolis, Southern
Brazil, began in 2009 when participants were 20 to 59 year-olds. The second wave
was carried out three years later in 2012. A clustered sample of 2,016 adults was
calculated with detailed information described elsewhere (Peres et al., 2012). Out of
2,016 targeted participants, 1,720 were effectively investigated (participation rate of
85.3%). In the second wave, in 2012, all participants investigated in the baseline
study were contacted for a home visit in order to conduct interview, dental exams and
anthropometric measurements. This study followed the STROBE checklist.
Eligibility and exclusion criteria

All adult residents in the selected houses were eligible to participate in the
baseline study. Amputees, bedridden individuals, those with an arm cast, individuals
who could not remain in the proper position for the required measurements, those
who were considered unable to answer the questionnaire, pregnant women and
those who were within six months from delivery, and edentulous people were
excluded from this study.
Data collection - baseline 2009

Interview and anthropometric measures (weight, height, and waist

circumference) along with blood pressure were taken. Information on socioeconomic,
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demographics, self-reported chronic diseases, self-rated general and oral health,

diet, physical activity, tobacco and alcohol consumption were gathered.

Data collection - second wave 2012

In 2012 a second questionnaire was applied gathering information on
socioeconomic trajectory and diet. Anthropometric measures (weight and waist
circumference) and blood pressure were assessed and dental exams were
performed by trained dentists. Periodontal exams included assessment of dental
calculus, bleeding on probing, periodontal pocket, and attachment loss in two
diagonal quadrants randomly selected according to the identification number of the
participants. Six sites per tooth were examined using a ball-ended periodontal probe
(CPI probe). Bleeding on probing up to 10s of probing and calculus were recorded
(as “present” or “absent”) for each examined tooth. Probing depth was measured as
the distance (in mm) from the gingival margin to the base of the gingival sulcus and
recorded as sound, shallow (4.0-5.5 mm) and deep (6.0+mm). Clinical attachment
loss (CAL) was measured in mm and categorized as: 0.0-3.0 mm; 4.0-5.0 mm; 6.0-
8.0 mm; 9.0-11.0 mm; or 12.0+mm. This measure was dichotomized in absence (0-

3.0 mm) and presence of CAL (£4.0mm).

Outcomes
The following outcomes were created:

1. Percentage of teeth with bleeding on probing (BOP): A continuous variable

based on the number of examined teeth with the presence of BOP. The ratio
between the number of examined teeth with presence of BOP and all
examined teeth was calculated.

2. Combination of clinical attachment loss and bleeding on probing: The

aforementioned variable, “Percentage of teeth with BOP”, was divided in
tertiles and combined with the dichotomous variable regarding the presence or
absence of CAL. A composite variable with three different categories was
created: (1) no BOP and no CAL; (2) BOP and CAL in different teeth; (3) BOP
and CAL in the same tooth. The first category of this variable comprised all
participants with absence of BOP (first tertile of percentage of teeth with BOP)
and CAL. The second category included participants in the second or third

tertiles of the “Percentage of teeth with BOP” variable or those with presence
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of CAL. To be included in this category, individuals should present at least one
of these conditions in at least one tooth; however, once both conditions were
present, they could not be observed in the same tooth. Finally, the last
category was composed by individuals with concomitant presence of BOP and

CAL in at least one tooth.

Main exposures

The Body Mass Indexes in 2009 and in 2012 were calculated by dividing the
weight for the square of the height (Kg/m?). The cut-off point recommended by the
WHO was used: eutrophic (BMI<25 Kg/m?) and overweight/obese (BMI=25 Kg/m?).
Considering the lack of agreement of waist circumference cut-offs for Latin-
Americans, this variable was categorized in quartiles, and those individuals in the last
quartile of waist circumference were considered overweight (Choi et al., 2010).
Based on nutrition status in 2009 and 2012, one dichotomous variable was created
for each type of excess of weight (general — BMI; central — waist circumference).
These variables considered as the reference category those subjects who remained
eutrophic for the entire cohort period. Therefore, those presenting at least one

episode of excess of weight comprised the comparison category.

Covariates

Baseline Confounders

We considered as baseline confounders the following variables from the 2009
wave: sex, age (20-29; 30-39; 40-49; 50-59-years-old), equalized household income
in tertiles (ratio between household income and square root of the residents in the
house), smoking status (never smoker, former smoker and current smoker),
hazardous and harmful alcohol consumption patterns (Babor et al., 2001). Physical
activity during leisure time, fat meat consumption and percentage of dietary energy
from sugar consumption were assessed through a questionnaire previously used in
the Telephone-based Surveillance of Risk and Protective Factors of Chronic Disease
(VIGITEL) in Brazil (Florindo et al., 2009, Mendes et al., 2011). Presence of dental
calculus was considered a proxy of dental hygiene and was included as a confounder
in the depression-outcome model.

Mediators
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Based on the literature we identified three possible mediators of the
relationship between excess of weight and periodontal outcomes: diabetes mellitus
(Genco and Borgnakke, 2013), depression (Warren et al., 2014) and hypertension
(Tsioufis et al., 2011). The three diseases were assessed by the following question:
‘Have you ever been told by a doctor you have?” followed by the name of the
respective disease. Additionally, individuals were asked whether they were using any
medication for blood pressure. Wrist systolic and diastolic blood pressures were
measured twice during the interview using standardized procedures (Silva et al.,
2012). Hypertension was then defined as when the subject had been diagnosed as
having hypertension and/or reported being on use of medication for blood pressure
control and/or had a systolic blood pressure = 140 mmHg and/or diastolic blood
pressure =2 90 mmHg (Chobanian et al., 2003, Silva et al., 2012). Due to the low
prevalence of diabetes mellitus in this population (3.1%), this variable was not
included in our analyses. In order to measure the potential impact of such variable on
our findings we performed sensitivity analyses (Supplementary material — S1).

Data quality control was conducted by administering the questionnaire through
telephone interview to 15% of the sample (n=248 in 2009; n=183 in 2012). Kappa
index and intra-class correlation coefficient ranged from 0.60-0.90 in 2009 and from
0.60-0.95 in 2012. Missing cases were subjects who could not be located after four

attempts or refused to participate in the study.

Theoretical causal framework and data analyses

We drew a directed acyclic graph (DAG) (Greenland et al., 1999) in order to
establish potential causal pathways between the presumed exposure and outcomes
(Figure S2A and S2B).

Our main goal was to estimate the controlled direct effect (CDE) of at least
one episode of overweight/obesity on periodontal outcomes that was not mediated
neither by depression nor hypertension after adjustment for potential confounders.
The CDE is a comparison of the expected outcome conditional on the exposure and
the mediator for different values of the exposure while keeping the mediator fixed
(Robins and Greenland, 1992). Also, we compared the two approaches for
estimating such direct effect: the conventional regression by effect decomposition
(Baron and Kenny, 1986) and MSM using the inverse probability weights (Robins et

al., 2000). Details regarding the steps used to estimate the direct effect using
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conventional regression methods and inverse probability weights were described in
the Supplementary Material section (S3).

For the MSM approach, we performed weights for each mediator and
exposure accordingly. Weights were estimated using logistic regression for
exposures and mediators. Predicted probabilities for the numerator and denominator
were assigned and later divided in order to obtain the stabilized weights (Robins et
al., 2000). For the composite outcome, the multinomial logistic regression was used,
while for the continuous one, the negative binomial regression was employed. We
also performed MSM analyses accounting for censored individuals, by calculating
stabilized weights of those clinically examined but not included in the previous
analyses due to missing data regarding the outcome (Table S1) (Cole and Hernan,
2008). Additionally to those analyses, we calculated i) the population attributable risk
(PAR) to quantity the contribution of risk factor (obesity/overweight) to the burden of
periodontal outcomes and ii) Etiological fraction (EF) which is the proportion of the
cases that the exposure (obesity/overweight) has played a causal role (Table S2).
Analyses were performed in Stata 12.0 software with commands for complex

samples.

Ethical issues
The Ethics Committee in Human Research of the Federal University of Santa

Catarina approved both waves of the study.
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Results

Of the 1,222 (71.0%) participants contacted in the second wave, 1,140 were
dentally examined and interviewed, and 53 were excluded due to complete tooth
loss. Finally, 1,076 participants were assessed for periodontal data (Figure 1).

Presence of BOP and CAL in the same tooth was observed in 14.1% of the
participants. The mean percentage of BOP was 13.4%; 57% presented at least one
episode of general obesity, whereas 29% presented at least one episode of
abdominal obesity. Table 1 presents the characteristics of the total sample at
baseline (2009) and in the second wave (2012) and the distribution of the sample
according to the dependent variables in 2012.

Estimates of total and direct effects of presenting at least one episode of
obesity on periodontal outcomes are shown in Tables 2 and 3. Those who presented
at least on episode of general and central obesity in the 3-years period had increased
risk for BOP and CAL in different teeth and in the same tooth.

In Table 2, model 2 displays Rate Ratio (RR) estimates after adjustment for
baseline confounders and hypertension (mediator). In the presence of confounders
and mediator, no direct effect of general obesity on periodontal disease was
observed. When central obesity was set as the main dependent variable, higher risk
was noted for the presence of BOP and CAL in the same tooth (RR 2.17). Finally,
applying MSM, controlled direct effect of central obesity on BOP and CAL in the
same tooth was 85% higher compared to eutrophic in the period (RR 1.85) (Table 2).

In Table 3, model 2, it is possible to observe that those individuals who
presented at least one episode of general and central obesity had higher risk for BOP
and CAL in the same tooth (RR 1.90 and 2.42, respectively) in the presence of
confounders and mediator (depression). In Model 3, dental calculus was also
included in the model; the effects of general and central obesity on the combination
of BOP and CAL in the same tooth were RR 1.86 and RR 2.35 respectively. Model 4
shows the controlled direct effect of obesity/overweight on periodontal outcomes
using the MSM approach. General obesity increased the risk for BOP and CAL in
different teeth and BOP and CAL in the same tooth (RR 1.39; RR 1.80, respectively);
whereas central obesity impacted on BOP and CAL in the same tooth (RR 2.41).

Tables 4 and 5 display the effects of general and central obesity on BOP. The
total effect (Model 1) adjusted for baseline confounders reveals that those who

experienced general obesity increased the risk for BOP (RR 1.38). After controlling
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for confounders and mediators using conventional regression approach (Model 2 in
Table 4 and Models 2 and 3 in Table 5), general obesity remained associated with
percentage of BOP (RR 1.39 for hypertension as mediator; RR 1.38 for depression
as mediator). Finally, the MSM for both mediators (Model 4) did not provide evidence
of controlled direct effect of general and central obesity on increased risk for BOP.

Table S1 (Supplementary material) presents MSM results including censored
individuals, which did not differ from our original findings. The PAR and EF also
revealed that conventional regression approaches overestimated the effects of
eliminating excess of weight in the population and only among the exposed (Table
S2).

Discussion

The aim of our study was to assess the controlled direct effects of obesity,
general and abdominal, on periodontal outcomes; also to compare the conventional
regression methods and the MSM approach to estimate such causal relationship.
Our findings provided evidence that overweight/obesity, mainly the central one, has a
direct effect on unfavorable periodontal outcome in a sample of Brazilian adults, after
controlling for confounders and mediators. The comparison between the conventional
regression approach and the MSM analysis revealed that the first underestimated the
role of the mediators, providing overestimated controlled effects of
obesity/overweight on periodontal disease.

Our findings revealed that central overweight/obesity might play a different
role from general excess of weight in the association with periodontal outcomes.
Body Mass Index does not distinguish between fat mass and lean mass and does not
consider the distribution of fat over the body (Snijder et al., 2006). On the other hand,
previous reports revealed that abdominal obesity, independent of general obesity, is
associated with metabolic disturbances and increased risk for other chronic diseases
(Canoy, 2008).

Our study addresses an alternative approach for analyzing longitudinal data.
When a consequence of the exposure confounds the association between mediator
and outcome, the controlled direct effects cannot be estimated with conventional
regression, regardless of controlling for other confounders of such association
(VanderWeele, 2009). When factors that confound the association between mediator

and outcome are omitted from the regression model, conditioning only on the
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mediator may induce a biased estimate due to collider stratification, which means
controlling for a common effect of exposure and outcome (Cole and Hernan, 2002).
This could explain the overestimation of the direct effects of episodes of
overweight/obesity in the conventional regression analyses, even though this type of
bias could underestimate the effects. The use of MSM evades this potential
confounding. Our findings suggest that the disagreeing results in the literature
regarding the association between obesity and periodontal disease might be
explained, partially, by biases originated from conventional regression approaches.
This is evident in our study when the conventional regression approach is used, the
associations between episodes of obesity and percentage of BOP are significant;
however, there is a null association when the MSM approach is employed.

Biased results might not be an exclusive concern in the academic field. Policy
makers can base their decisions on the available evidence to propose public policies.
In order to measure the impact of eliminating obesity on periodontal disease, we
calculate PAR and EF. It is clear to see the impact of biased results from a public
health perspective; the estimates originated from conventional regression approach
also overestimate the impact of eliminating obesity/overweight in the population and
especially among the exposed. The EF estimates obtained from conventional
regression results overestimated this value in approximately 15% compared to MSM,
also explaining the controversial results from previous studies.

The longitudinal prospective design adopted allowed us to establish a causal
pathway between exposures and outcomes. It helps to close the gap existing in the
literature regarding the potential bidirectional association between obesity and
periodontal disease. To the best of the authors’ knowledge this is the first study in the
field of periodontology to use this type of approach for longitudinal data and causal
inference. The MSM approach allowed us to properly deal with confounders and
mediators and, consequently, reduce the likelihood of bias, providing more solid
findings to clinicians and public health professionals. As some participants were
dropped from our analyses due to missing information regarding the outcome, we
performed MSM analyses with the censored. In these analyses, no differences in the
magnitude were observed (Table S2).

This study is not free of limitations. Firstly, the short follow-up period precluded
us to measure the effects of the change in nutritional status, focusing on the effects

of weight gain on periodontal outcomes after 3 years. Owing to the chronicity of
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obesity, the prevalence of weight gain was low (9.0%) to consider it as a category to
be included in the analysis. Therefore, the decision to evaluate in only one category
all the subjects who were at least once exposed to obesity during the cohort period
did not allow us to estimate a dose-response effect. However, we believe the
analytical approach used in our study circumvents other potential biases that could
undermine our results. Secondly, we could not consider diabetes as a mediator in our
analyses. MSM and inverse-probability weighting require a positivity assumption that
the probabilities in weight of the denominator are non-zero (Cole and Hernan, 2008).
Consequently, the inclusion of diabetes in the model might have violated this
assumption. Even though this variable was not included in the statistical models, we
performed a separate sensitivity analyses (Supplementary material — S2) showing no
significant influence on our results. Thirdly, the use of a partial mouth protocol for
periodontal outcomes assessment could have underestimated the prevalence of the
outcome (Eke et al., 2010). This fact would not alter our findings, since the direction
of the association would not change; probably a greater magnitude in the effect
measure would be observed. Fourthly, the use of inverse probability weights does
not address the unmeasured confounding. We attempted to minimize this possible
source of bias, including recognized potential confounders in our DAG in order to
establish all alternatives pathways. Nonetheless, unmeasured confounders
influenced by the exposure might potentially confound the association between
mediators and outcomes. Finally, we could address only one mediator at each time in
our analyses. In the depression model, the presence of a mediator-outcome
confounder influenced by the exposure precluded the inclusion of the two mediators
in one single analysis. Despite of the existence of a technique that allows dealing
with multiple mediators, the absence of mediator-outcome confounder is required
(Lange et al., 2014).

Our results support the hypothesis that at least one episode of
overweight/obesity have an effect on periodontal outcomes in adults after 3 years.
Our analyses also revealed the differences regarding the analytical approach used.
Theories of chronic disease development suggest an underlying causal relationship
in which the MSM model would be able to identify the causal effect of presumed
interest; whereas the use of conventional regression methods for estimating direct
effects would not. Results therefore strongly encourage the employment of

alternative methods, including MSM, for analyzing longitudinal data.
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Figure Legends:

Figure 1. Flow chart of the EpiFloripa cohort study.
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complete tooth loss (3.2%)

\ 4

1,066 participants with periodontal data

172



173

Tables:

Table 1. Sample characteristics in 2009 and 2012 according to periodontal
outcomes. Florianépolis, Brazil.

Characteristics n % n % No BOP and no BOP and CAL BOP and CAL Percentage of BOP

2009 2009 2012 2012 CAL (95% Cl)* in different teeth in the same tooth Mean and (95%
(95% CI)* (95% CI)* Ch*

Gender

Male 761 449 463 443  13.0(11.1;152)  23.6(21.3;26.1)  7.65(6.2;9.4) 14.1 (11.7;16.5)

Female 959 551 603 557  21.8(19.4;24.5)  27.4(24.8;30.2)  6.47 (5.2;8.1) 12.8 (10.6;15.0)

Age

20-29 540 334 300 296  14.5(12.0;17.4) 13.9 (11.2;17.0) 1.28 (0.75;2.17) 10.7 (8.45;12.9)

30-39 392 229 262 249  10.6 (8.6;13.1) 11.8 (9.9;14.0) 2.49 (1.55;3.98) 11.0 (8.2;13.9)

40-49 438 243 301 268  6.1(4.6;8.1) 15.9(13.8;18.2)  4.71(3.44;6.41) 15.2 (11.9;18.6)

50-59 350 194 203 18.7 3.6 (2.55.0) 9.4 (7.4;12.0) 5.64 (4.42;7.17) 18.1 (14.4;21.9)

Equalized Income

3rd Tertile 577 342 359 347  12.9(9.8;16.7) 18.5 (14.8;22.8) 3.3(2.3;4.8) 9.3 (7.2;11.3)

2" Tertile 549 326 359 339  11.7(9.4;14.5) 16.9 (14.4,19.9) 5.2 (4.0,6.9) 14.3 (11.8;16.9)

1st Tertile 559 332 335 31.4 10.2 (7.6;13.3) 15.6 (12.5;19.2) 5.6 (4.0;7.8) 16.8 (13.7;19.9)

Smoking

Never Smoker 926 551 584 56.1  21.3(18.6,24.4)  28.6(25.8;31.7)  6.1(4.7,7.9) 11.7 (9.7;13.8)

Former Smoker 449 256 285 26.0 8.7(6.9;11.0) 13.4 (10.9;16.3) 3.9 (2.8;5.6) 13.6 (10.1;17.2)

Current Smoker 336 193 191 17.9  4.8(3.7,6.2) 9.0 (7.4;10.9) 4.1(3.0,5.4) 17.9 (14.2;21.6)

Physical activity in

leisure time

Inactive 912 536 570 540  18.9(16.521.5)  255(22.2;29.1) 9.6 (7.6;12.1) 15.6 (13.1;18.1)

Active 806 46.4 494 46.0  16.0(13.2119.3)  255(22.5228.7)  4.5(3.2;6.2) 10.7 (9.0;12.4)

Alcohol Consumption

No 1,403 813 895 837  29.0(26.3;31.8)  43.1(40.1;46.2) 11.6 (9.7;13.8) 13.4 (11.7;15.2)

Yes 317 167 171 16.3 59 (4.4,7.7) 7.9(6.1;10.1) 2.5 (1.6;4.0) 13.1(9.1;17.0)

Percentage of calories

from sugar

consumption

0% 540 305 352 323  11.8(9.7;14.4) 16.4 (13.519.9) 4.0 (2.9;5.6) 12.3(9.2;15.4)

1-10% 796 47.7 478 46.4 16.7 (14.7;19.0) 23.0 (20.4;25.9) 6.6 (5.2;8.3) 12.5(10.3;14.6)

11% and more 381 21.8 234 21.3 6.3 (4.9;8.0) 11.6 (9.4;14.1) 3.5(2.3;54) 17.0 (13.8;14.6)

Meat Fat consumption

No 1,196 69.9 766 71.9  26.3(22.9;30.1) 37.1(34.1;40.3) 8.4 (6.7;10.5) 11.6 (9.8;13.4)

Yes 524 30.1 300 281  85(6.7;10.7) 13.9 (11.3;17.0) 5.7 (4.1;7.7) 17.9 (14.6;21.3)

Hypertension

No 1,002 59.9 620 59.2  23.2(20.526.1)  28.7(26.0;31.5)  7.3(5.8;9.1) 12.3 (10.4;14.3)

Yes 680 401 422 40.8  11.5(9.5;13.9) 22.3(19.8;25.0) 6.9 (5.39;8.9) 14.7 (12.1;17.2)

Depression

No 1,425 833 891 842  296(26.7;32.7)  42.5(40.0;45.1) 12.1 (10.1;14.4) 12.5 (10.8;14.3)

Yes 295 16.7 174 15.8 5.25 (4.0;6.9) 8.5(6.9;10.4) 2.1(1.2;34) 17.5(11.1;23.9)

Presence of dental

calculus

No - - 356 339  16.4(14.1;18.9) 15.6 (13.8;17.6) 1.9 (1.2;3.0) 6.2 (4.6,7.7)

Yes - - 710 66.1 18.5(15.8;21.5) 35.4 (32.8;32.1) 12.2(10.0;14.8) 17.1 (14.9;19.2)

General Obesity

Always eutrophic - - 420 430  18.2(15.8;21.0)  20.8(18.3;26.3) 3.9 (2.8;5.6) 10.6 (8.6;12.5)

At least one episode of - - 589 57.0  17.0(14.8;19.3)  30.2(27.2;33.5)  9.8(7.8;12.2) 14.9 (12.5;17.4)

obesity

Central Obesity

Always eutrophic - - 709 70.7  27.3(24.2;30.6) 35.9 (33.1;38.9) 7.5 (5.8;9.6) 11.9 (10.2;16.3)

At least one episode of - - 303 29.3 7.3 (5.7,9.4) 15.3 (13.3;17.7) 6.7 (5.0;8.7) 16.4 (12.9;19.9)

obesity

*Weighted values.

BOP — Bleeding on probing; CAL — Clinical Attachment Loss
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Supplementary Material
S1 - Sensitivity Analyses for Diabetes

General Obesity

episens cron5 obes_geral dic, dpexp(c(0.03)) dpunexp (c(0.0053)) drrcd(c(4.35)) dorce(c
> (1.44))

Pr(c=1|e=1): Constant(.03)

Pr(c=1|e=0): Constant(.0053)
RR_cd : Constant(4.35)
OR_ce : Constant(1.44)

Observed Odds Ratio [95% Conf. Interval]l= 4.31 [1.65, 11.22]

Deterministic sensitivity analysis for unmeasured confounding
External adjusted Odds Ratio = 4.27
Percent bias = 1%

episens cron5 obes_geral dic, dpexp(c(0.03)) dpunexp (c(0.0053)) drrcd(c(4.35)) dorce(c
> (4.28))

Pr(c=1l|e=1): Constant(.03)

Pr(c=1|e=0): Constant(.0053)
RR_cd : Constant(4.35)
OR_ce : Constant(4.28)

Observed Odds Ratio [95% Conf. Interval]l= 4.31 [1.65, 11.22]

Deterministic sensitivity analysis for unmeasured confounding
External adjusted Odds Ratio = 4.08
Percent bias = 6%

Central Obesity

episens cron5 obes_cint_dic, dpexp(c(0.026)) dpunexp (c(0.011)) drrcd(c(5.63)) dorce(c(
> 1.44))

Pr(c=1|e=1): Constant(.026)
Pr(c=1|e=0): Constant(.011)
RR_cd : Constant(5.63)
OR_ce : Constant(1.44)

Observed Odds Ratio [95% Conf. Intervall]l= 5.71 [2.77, 11.75]

Deterministic sensitivity analysis for unmeasured confounding
External adjusted Odds Ratio = 5.59
Percent bias = 2%

episens cron5 obes_cint_dic, dpexp(c(0.026)) dpunexp (c(0.011)) drrcd(c(5.63)) dorce(c(
> 4.28))

Pr(c=1|e=1): Constant(.026)
Pr(c=1|e=0): Constant(.011)
RR_cd : Constant(5.63)
OR_ce : Constant(4.28)

Observed Odds Ratio [95% Conf. Intervall]l= 5.71 [2.77, 11.75]
Deterministic sensitivity analysis for unmeasured confounding

External adjusted Odds Ratio = 4.95
Percent bias = 15%
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S3 - Steps used for estimating controlled direct effects of obesity/overweight
on periodontal outcomes using conventional regression methods and the

inverse probability weighting

For the conventional regression approach, we firstly regressed the composite
outcome (CAL+BOP) on each main exposure at a time (central excess of weight and
general excess of weight) conditional on baseline confounders using multinomial
logistic regression. Also, we regressed the continuous variable (percentage of BOP)
on the same exposure variables conditional on baseline confounders using negative
binomial regression (Model 1). Negative binomial regression model was chosen due
to skewed and over dispersion distribution of percentage of BOP. Secondly, we
estimated the direct effect of at least one episode on excess of weight on the
outcomes using the approach proposed by Baron and Kenny (Baron and Kenny,
1986). In essence, we regressed the exposures on the outcomes, the mediators and
the set of baseline confounders by fitting a multinomial logistic regression model for
the composite outcome and a negative binomial regression model for the continuous
outcome (Model 2). In this model, we tested for interaction between the exposures
and the mediators by including cross-product terms. As no evidence of interaction
was observed, the cross-product terms were subsequently omitted. Thirdly, when
depression was considered a mediator, we included the variable “presence of dental
calculus” as a confounder between mediator and outcomes (Model 3). Finally, in the
model 4, we estimated the controlled direct effect of at least one episode of excess of
weight on our outcomes using a MSM approach with a stabilized inverse probability
weight (Robins et al., 2000). Potential baseline confounders and mediator-outcome
confounders were accounted for the estimating the stabilized inverse probability
weight (W=W* x WM) where:

A _ P(A=a;)
' PA=aqlC=¢)

and
W‘M — P(M = mllA = ai)
t P(M=ml-|A=ai,C=Cl-,R=Ti)

where A=exposure; M=mediator; C=baseline confounders; R=mediator-outcome
confounders; and i=each individual. The “exposure weight” considers for measured

confounders of the relation between nutritional status and periodontal outcomes,
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whereas the “mediator weight” accounts for the measured confounders between

mediators and periodontal outcomes, if any.
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S4 - Formulas used for calculation of the inverse probability weights for

censored individual

yACens _ P(Cens = 0|A)
! P(Cens = 0|4, C)
P(Cens = 0|M, A)

M,Cens __

i ~ P(Cens = 0|M,A,C,R)

TOta| weight: VViA,CeTlS*VViA*[A/iM,CETlS*M/iM

Multiplied weights presented the following distribution: mean =1.00, range
=0.98;1.10 for hypertension as mediator and general obesity as exposure;
mean =1.00, range =0.97;1.08 for depression as mediator and general obesity
as outcome; mean =1.00, range =0.97;1.11 for hypertension as mediator and

central obesity as exposure; mean =1.00, range =0.98;1.12.
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Abstract

Background: Overweight and obesity have been associated with increased
periodontitis risk; however uncertainty persists regarding the causal relationship of
such conditions. Thus, we estimated independent and joint hypothetical interventions
on overweight/obesity and other unhealthy habits (smoking, alcohol consumption and
fat and carbohydrates consumption) on the risk of any periodontitis, moderate/severe
periodontitis and the combination of bleeding on probing and clinical attachment loss
(BOP+CAL) in adults aged 31-years-old from the 1982 Pelotas Birth Cohort, Brazil.

Methods: We used the parametric g-formula to estimate the 31-year periodontitis risk
in the following scenarios: under no intervention; setting the BMI to overweight;
setting the BMI to obesity; smoking, having high consumption of alcohol and
consuming high amount of fat and carbohydrates. Interventions were set
independently to each risk factor and in joint interventions with overweight and

obesity on the entire population.

Results: 539 participants had oral examinations. The 31-year risk under no
intervention was 33.3%, 14.3% and 14.7% for any periodontitis, moderate/severe
periodontitis and BOP+CAL, respectively. Overweight and obesity increased the risk
of all outcomes: 11% (overweight) and 22% (obesity) higher risk of periodontitis; 12%
(overweight) and 27% (obesity) greater risk of moderate and severe periodontitis;
21% (overweight) and 57% (obesity) higher risk of CAL+BOP. When combined with

other unhealthy habits, the risk was even greater, suggesting a cluster effect.

Conclusions: Increase of overweight and obesity increased the risk for unfavorable
periodontal outcomes in this population of Brazilian adults. This effect was even

greater when a combination of excess of weight and unhealthy habits existed.

Key-words: g-formula; Periodontal Diseases; Nutritional Status; Interventions;

Obesity; Overweight; Smoking; Alcohol; Diet; Cohort Studies.
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Introduction

Amongst the most prevalent chronic diseases, periodontitis is an inflammatory
condition induced by specific bacteria that affect the supporting tissue of teeth’.
Besides the infectious component, the establishment and progression of such
disease also depend on the quality of the host immune response, which is impacted
by unhealthy habits and systemic conditions such as type Il diabetes and obesity'~.
Between 1990 and 2010 periodontitis was ranked as the 6" most prevalent chronic
disease worldwide® °. Furthermore, given the combination of high population growth
with a greater life expectance and a significant reduction in tooth loss, it is expected
an increase in the prevalence of periodontitis is expected®. It is a major concern for
health professionals and policy makers, since periodontitis has been identified as a
risk factor to other chronic inflammation-related conditions such cardiovascular
diseases'®"%,

Overweight and obesity can be defined as diseases in which body fat has
excessively been accumulated adversely affecting health conditions™. It is an
emerging chronic disease associated with relevant morbidity and mortality, not only
in high-income but also in medium- and low-income countries™ . In the 1982
Pelotas birth cohort, the prevalence of overweight and obesity has increased over the
time following the world tendency. In 1986, when participants were aged 4, only 7%
of the cohort was considered with excess of weight, whereas in 2012, when
participants were aged 30, this rate has risen to about 60%®. This condition has
been associated with adverse effects on many systemic diseases, such as type Il
diabetes, hypertension, cardiovascular disease, infectious diseases and cancer'” 8.

The association between obesity and periodontal disease has been supported
by systematic reviews'® ?°. However, their findings showed that few studies adopted
longitudinal designs. Thus, the source of such findings is originated from cross-
sectional studies. Even though a positive association between weight gain and
incidence of periodontitis has been observed, no causal inference between obesity
development and periodontitis occurrence could be established?®'.

Some mechanisms have been proposed to explain the complex relationship
between obesity and periodontitis'® ?°. The excessive adipose tissue by downgrading
adiponectin levels creates a reservoir of circulating pro-inflammatory mediators

inducing a chronic inflammatory condition?. This systemic low-grade inflammation is
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responsible to increase the susceptibility of obese subjects to infectious challenges
by down-regulating the local immune response'” %. Also, obese and overweight
subjects tend to present more detrimental health related behaviors such as smoking,
physical inactivity, and unhealthy diet, with higher consumption of fat, carbohydrates
and sugar, which have been associated with unfavorable periodontal outcomes as
well*®. Thus, it is possible to assume that obesity and periodontitis share common
risk factors. Also, the impact of the simultaneous occurrence of several risk factors
on health indicators are greater than the isolated effect of a single factor, suggesting

a clustering effect®*

. The literature has provided useful information regarding the
identification of such clustered behaviors, but little is known about the effects of
intervening on them since large randomized trials are needed. Another difficulty lays
on the fact that some exposures, such as obesity, cannot be allocated in a
randomized intervention.

In the medical and dental fields, the studies investigating the effects of life-
course obesity on systemic chronic conditions in later life have not considered the
cumulative effects of obesity during life-course. Additionally, they have not employed
causal analytical approaches not accounting for the time-varying confounders neither
distinguishing between confounders and mediators®®. This might have leaded to
biased and controversial findings®.

Statistical methods have been proposed for estimation of causal effects in
observational studies?”. Amongst these methods, the inverse-probability-of-
treatment-weighting is the most frequently used in epidemiology?®; however, experts
have pointed out the statistical inefficiency of such estimator in some specific
scenarios, like in the presence of time-dependent variables®. In this context, G-
computation can be used as an alternative analytic technique, especially when the
explanatory variables are measured at several different points in time on each
subject®® *'. This specific approach also allows estimating the population risk of a
disease under hypothetical interventions, providing useful information for health
professionals and policy makers®.

Given the aforementioned, it is clear that no research studied the cumulative
effects of life-course obesity on periodontitis in adulthood. In addition, no studies
explored the clustering effects of potential risk factors in the underlying relationship
between obesity and periodontal disease. Therefore, considering the rising rates of

overweight and obesity observed worldwide and in this cohort, this study aimed to
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answer the following research question: “Does the increase of overweight and
obesity impact on the burden of periodontitis?” Furthermore, we intended to estimate
the effect of unhealthy habits combined with overweight and obesity on periodontitis
by simulating hypothetical interventions using the parametric g-formula. We
hypothesize that if individuals were obese during life-course they would present a
higher risk for periodontal disease development followed by those overweight *.
Additionally, we expect that the greater the number of combined risk factors during

life-course, the higher the risk of periodontal disease in adulthood.

Methods
The 1982 Pelotas Birth Cohort

In 1982, the three maternity hospitals in Pelotas, a southern medium-size
Brazilian city, were visited daily, and 7,392 births were identified. Those children
whose parents lived in the urban area of the city (N=5,914) were examined and the
mothers were interviewed'®. Since then, those individuals have been followed on
several occasions during life-course. In 2012, all individuals aged 30 were contacted
for interview and health examination, including anthropometric measurements,
carotid intima media thickness and blood tests (N=3,701). The interviews covered
issues related to socioeconomic condition, dietary habits, smoking, alcohol
consumption and health conditions. Details about this cohort are found elsewhere®.

In 1997, when the participants were aged 15 years, 900 individuals were
randomly selected as sample for the Oral Health Study (OHS-97). In 2006, when
those individuals were 24-years-old, 888 subjects investigated in the OHS-97
(98.7%) were contacted for new assessment comprised of interviews and oral health
exams. From those, 720 were clinically examined. In 2013, individuals were
assessed for oral examination. In the OHS-2013, the same 888 individuals
investigated in the OHS-97 were contacted for new assessment. All teeth were
examined for the presence of periodontal disease (bleeding on probing, probing
depth and gingival margin), dental caries and other dental and oral conditions. Oral
examination was performed at home by six dentists previously trained and calibrated.

Examiners underwent theoretical and practical training. Practical training was
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performed on 20 individuals, and reproducibility assessment was performed on 20
individuals with similar age but not enrolled in the 1982 Pelotas birth cohort. The
lowest intra-class correlation coefficient for probing depth and gingival margin was
0.85. In order to assure the quality of the study, 15% of all interviews were repeated.
Methodological aspects of the OHSs in the 1982 Pelotas birth cohort study are

discussed in depth elsewhere®*.

Outcomes

The outcomes of this study were periodontal disease and bleeding on probing
at age 31. Periodontal examinations comprised a full-mouth probing at six sites per
tooth using a PCP2 probe. Two different criteria were adopted for this study:

1. American Academy of Periodontology and the Center for Diseases Control and

Prevention (AAP/CDC): Individuals were classified into four categories: healthy,

mild periodontitis, moderate periodontitis and severe periodontitis®*. Following
that, two different dichotomous variables were created: the first included all
individuals with any periodontitis compared to those considered healthy; the
second grouped only the individuals with moderate and severe periodontitis in the
comparison category; thus, those healthy and with mild periodontitis comprised
the reference category.

36

2. Baelum and Lopez ™. Individuals with at least one site with simultaneous

occurrence of Clinical Attachment Loss (CAL) 24mm and Bleeding on Probing

(BOP) were classified as having periodontitis.

Nutritional Status Assessment

In each visit, subjects were weighted and their height was assessed. We used
four different episodes of obesity during life-course to estimate the cumulative effects
of obesity on periodontitis: at ages 4, 15, 23 and 30. Obesity at age 4 was defined
according to the following cut-off: eutrophic (Z score for age and sex <2 SD);
overweight (Z score for age and sex >2 SD and <3SD); obese (Z score for age and
sex >3 SD)*" 38, At the age of 15 years, the following cut-off was adopted: eutrophic

(Z score for age and sex <1 SD); overweight (Z score for age and sex >1 SD and
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<2SD); obese (Z score for age and sex >2 SD)*. At ages 23 and 30, the Body Mass
Index (BMI) was calculated by the ratio between the weight and the square of the
height (Kg/m?). Subjects were classified accordingly: eutrophic (BMI<25 Kg/m?);
overweight (BMI=25 and <30 Kg/m?); obese (BMI=30 Kg/m?) . For all follow-ups
conducted from childhood to adulthood, we used portable scales and anthropometers
to assess weight and height, respectively. Those measures were obtained using the

40 and the interviewers were trained

techniques proposed by Lohman, Roche
according to the techniques. Quality control measures included scale calibration and

repetition of 5% of interviews. Further methodological details are found elsewhere®’.

Covariates

Baseline Covariates

We set as baseline confounders the following variables collected in 1982: sex,
maternal schooling at birth (0-8 years; =29 years) and household income at birth
(categorized in tertiles and converted in a dichotomous variable where the first and
the second tertiles were grouped)*?.

Time-varying variables

Potential pathways to periodontal disease were identified through the Directed
Acyclic Graph (DAG)*. Based on the literature, we decided to include a set of time-
varying covariates in the analyses: smoking status (current or former/never smoker),
type Il diabetes (=126mg/dl), hypertension (systolic blood pressure = 140 mmHg
and/or diastolic blood pressure = 90 mmHg). Alcohol consumption was collected in
grams per day. Percentage of dietary energy from fat and carbohydrate consumption
was assessed through a semi-quantitative, interviewer-administered FFQ*. The
variables “alcohol consumption” and “fat and carbohydrate consumption” were
categorized in tertiles, and the first and the second tertiles were grouped in one
category. Figure 1 displays a simplified DAG demonstrating possible causal
relationship between the variables. A more detailed figure is available in the

Supplemental Material section.
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Hypothetical Interventions

Based on the literature from randomized controlled trials and observational
studies, we defined different hypothetical interventions on the time-varying variables
to analyze their potential effects on periodontitis on the entire population: being
overweight, being obese, smoking, having high consumption of alcohol and having
high consumption of fat and carbohydrates. We excluded diabetes and hypertension
from the hypothetical interventions since those conditions are indirectly modified by

the other specified risk factors.

Data analyses

The parametric g-formula, a generalization of standardization for time-varying
exposures and confounders, was used to estimate the standardized risk of
periodontal disease under hypothetical interventions in this population. This
standardized risk comprises a weighted average of the risks conditional on the
specified exposure history and the observed confounders with the probability density
functions of the time-varying confounders as weights. This analytical approach has
been previously employed to estimate the effects of hypothetical interventions on
different outcomes such as cardiovascular disease*® and diabetes*.

Briefly, the parametric g-formula estimates the risk as follows: initially
regression models are fitted for all potential confounders and for the outcome using
data on the entire study population. After that, these fitted models are used to
simulate the risk of the outcome under hypothetical interventions in five steps:
(a) Obtain the observed joint distribution of covariates at baseline;
(b) Estimate the joint distribution of time-varying covariates at the next time-point
using the parametric models;
(c) Hypothetically intervene by setting the values of chosen covariates in order to
simulate the interventions;
(d) Estimate the predicted probability of the outcome using those new covariate
values;
(e) Repeat steps “b” through “d” for the follow-up duration in order to estimate the
predicted risk of disease under the determined interventions. A detailed description
can be found elsewhere *2.

We performed a Monte Carlo simulation of 10,000 individuals. Baseline

covariates were assigned by using the empirical distribution. The values of time-
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varying covariates for each time interval were drawn from the distribution estimated
via regression models after setting obesity and other risk factors to the values
specified by each specific intervention. As some time-varying covariates were not
measured in all visits, only the most recent measurement was used, and an
interaction term between the most recent measurement and the time since that
measurement was included in the model. The models included the following baseline
confounders: sex, household income at birth and maternal schooling at birth (Table
1).

For each model, we estimated the outcome risk associated with respective
hypothetical intervention. Additionally, we set the risk under no intervention as the
reference category, and estimated the population risk ratio for each selected
intervention. If the assumptions of no unmeasured confounding, no model
misspecification, and no measurement error hold, our results can be interpreted as
arising from a randomized experiment in which individuals were randomly assigned
and adhered the specified interventions. In order to obtain the 95% confidence
intervals, we used nonparametric bootstraps with 1,000 samples. We examined the
possibility of effect modification by conducting specific analyses in the subsets of the
study population defined at baseline according to sex, household income and
maternal schooling experience. Also, we tested effect modification on the outcome
and exposure relationship taking the most recent measure of the time-varying
covariates. All analyses were conducted using SAS 9.4 (Cary, NC, USA). We
employed the g-formula SAS macro implemented by Taubman, Robins *? available at
http://www.hsph.harvard.edu/causal/software. The codes used for this study are

available in the Supplemental Material.

Ethical Issues
All phases of this study were approved by the Ethics Committee of the Federal
University of Pelotas, Faculty of Medicine. Written informed consent was obtained

from all enrolled individuals or from their parents or legal guardians.
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Results

In total, 539 31-years-old individuals were examined (61% of OHS-97). The
observed risk of having mild, moderate and severe periodontitis at aged 31 was 20%,
13% and 1%, respectively. The observed risk of having at least one site with the
combination of CAL+BOP was 15%. Table 2 describes the sample according to
sociodemographic characteristics and nutritional status during life-course.
Information regarding the other health related characteristics is described in Table S1
(Supplemental Material).

The simulated risks under no intervention on any type of periodontitis,
moderate and severe periodontitis and the combination of CAL and BOP was 33%,
14%, 15% respectively. Table 3 describes the effects of hypothetical interventions on
periodontitis. Overall, it is possible to note that both overweight and obesity increased
the risk of any periodontitis (RR 1.11 and RR1.22, respectively). Other risk factors
also increased the risk of periodontitis, except alcohol consumption. When
hypothetical interventions combined overweight and obesity with any other risk
factor, the risk of periodontitis increased. Those participants who were overweight,
smokers, with high consumption of fat and carbohydrates and physically inactive
presented 44% higher risk of periodontitis, whereas those obese had almost 62%
higher risk of periodontitis compared to those under no intervention.

Table 4 shows the risk of moderate and severe periodontitis. Those
overweight and those obese presented greater risk of moderate/severe periodontitis
(RR 1.12 and RR 1.27, respectively). Smoking also increased the risk (RR 1.18),
whereas diet had no influence and alcohol consumption slightly reduced the risk. The
combination of overweight with smoking increased the risk of moderate/severe
periodontitis in 32%; when obesity was associated with smoking, the risk was even
greater (RR 1.48). Compared with no intervention, the risk ratio for being overweight,
smoker and consuming high amount of fat and carbohydrates was 1.35 and for being
obese 1.52. Alcohol consumption lowered the risk in all hypothetical interventions.

Overweight and obesity also increased the risk of CAL+BOP (Table 5).
Individuals who were overweight had 21% higher risk than those under no
intervention, while those obese had 50% increase in risk. Smokers had 11% greater
risk for CAL and BOP, whilst diet did not change materially the risk. High
consumption of alcohol lowered the risk of CAL and BOP (RR 0.88). The risk ratio for
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overweight and smoking was 1.50, and for obesity and smoking was 2.01. When
unhealthy diet was hypothetically intervened on, those individuals overweight and
smokers presented 57% greater chance for CAL and BOP, and those obese more
than twice the risk (RR 2.09). In the combined interventions, alcohol consumption did
not change materially the risk.

We replicated our analyses under random order of covariates in the model.
The risk under no intervention and the other parameters were not substantially

altered, thus indicating the robustness of our models.
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Discussion

The present findings suggest a causal relationship between being overweight
or obese during life-course and the occurrence of periodontitis in adulthood. Also,
that a combination of detrimental health behaviors and overweight/obesity increases
the risk for periodontitis in this population. These findings support our hypothesis,
since those obese and with higher number of risk factor presented the greatest risk of
all types of periodontitis. A positive association between obesity and overweight has
been demonstrated by many observational studies, so as by systematic reviews. The
majority of them presented cross-sectional design which suffers with issues from
temporality. The longitudinal studies that have investigated such topic also presented
limitations, especially regarding to the analytical approach employed. Besides that,
only two studies used information from early life to predict periodontal disease in
adulthood. However, those also present a different perspective from our study; while
one used self-reported BMI at age 21 to predict periodontal disease at age 60*', the
other explored the number of episodes of obesity from adolescence to young adult
life to investigate the presence of gingival bleeding, dental calculus and periodontal
pocket at age 24*®. In both of them, no association between early obesity with the
later periodontal disease was observed. Nevertheless, both have not considered
either the childhood obesity or the cumulative effects of obesity during life-course on
periodontitis in later life. Obesity developed in early life could be a result of unhealthy
behaviors that are set in this younger age and might have repercussions later in life.
Also, obesity and overweight can have effects on general health and oral health,
including the periodontal health®® that could have detrimental effects on the
periodontal health in latter ages.

Our findings also suggest that the combination of multiple detrimental health
behaviors impacts on the risk of periodontitis. Those behaviors are well-known risk
factors to cardiovascular disease, cancer and premature mortality®’. Individuals that
accumulated unhealthy behaviors presented higher risk for periodontitis, indicating
that this oral condition is similarly influenced by systemic factors as other chronic
diseases. Previous reports have demonstrated the combined effect of multiple risk

factors is greater than individual ones, suggesting a cluster effect®

. It is beyond
dispute the importance of such findings in the public health perspective, since these

poor lifestyle choices frequently coexist. Besides that, our analytical approach
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allowed us to establish a causal relationship between those potential behaviors and
periodontitis, strengthening our results. To the best of the authors’ knowledge, this is
the first study to simulate the effects of overweight and obesity in combination with
other detrimental habits on the risk of periodontitis.

Previous reports could not address the causal effects of overweight and
obesity on periodontitis since a bidirectional association between those conditions
could exist. Our results clearly showed the cumulative effects of both, overweight and
obesity, on periodontitis in later life. It has been hypothesized that the white adipose
tissue (WAT) is responsible for secreting inflammatory cytokines in the blood stream,
affecting the general and the local immune response. Moreover, the recruitment of
macrophages to the core of the WAT, caused by adipocytes expansion, exacerbates
the previous inflammatory process. This low-grade inflammation alters significantly
the immune response threshold, making obese and overweight individuals more
susceptible to infectious diseases than normal weight ones'”***,

In addition to that, poor health behaviors also play a role in this relationship.
Since obese individuals are more likely to present neglected health care, the
coexistence of poor health behaviors is expected, increasing the risk of periodontitis.
Smoking, diet, and alcohol consumption are also closely related to obesity and
periodontitis. Smoking has been identified as a risk factor for chronic periodontitis in
adults®®. Authors suggest that smoking has a cumulative effect on periodontal
attachment loss, thus, it is expected the older the individual the higher the effect.
Given the age of the individuals enrolled in this cohort, this fact could explain a
reduced effect of smoking on periodontitis in our study. Also, the decreasing
prevalence of smoking in this population corroborates our findings. The effects of fat
and carbohydrate consumption on periodontal disease have been pointed out by
different authors. Excessive carbohydrate and fat ingestion may lead to increased
inflammatory framework and oxidative stress inducing a hyperinflammatory state,

which has been associated with periodontitis and obesity®® **

. In our results, the
effects of high consumption of fat and carbohydrates varied according to the
outcome. When the presence of periodontitis was set as the outcome, diet increased
in 10% the risk of periodontitis. Nevertheless, it had no isolated effect on the risk of
CAL and BOP, but contributed to the cluster effect when combined with other risk

factors.
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The association between alcohol consumption and periodontal disease,
however, is not conclusive. A systematic review presented inconclusive results
regard such association, indicating a need for more studies investigating the topic®>
% Studies revealed that alcohol can have both, protective and detrimental, effects on
periodontal tissues depending on the dose it is consumed. In our study, the isolated
consumption of alcohol lowered the risk of periodontitis; conversely, it did not
influence the estimates when combined with other risk factors. Our results could be
attributed to the considerable low-consumption of alcohol in this specific population.
Even the ones included in the last tertile of alcohol consumption presented a
moderate daily consumption, which has been proved to have beneficial effects on
periodontitis and other chronic diseases. Periodontal tissue breakdown requests an
inflammatory host response, but light to moderate alcohol intake reduces the
monocyte production of circulating pro-inflammatory cytokines and the levels of C-

reactive protein®” %8,

Furthermore, alcohol consumption might present an
antimicrobial effect in dental biofilm .

Our study presents several strengths that should be highlighted. First of all,
the prospective longitudinal data originated from a population-based birth cohort
provide robust information since early-life. It allowed us to estimate the cumulative
effect of obesity since childhood on a chronic disease established in adulthood. Even
though a possibility of attrition bias could exist, analytical methods employed
circumvented this possible caveat. The use of repeated measures for exposure and
risk factors also supported the robustness of our findings. Moreover, the employment
of the parametric g-formula allowed us to appropriately adjust our analyses for time-
varying confounders; besides to estimate the effects of joint interventions, what
makes it directly relevant for policy makers and clinicians®® ®°. Our study, however,
has a major difference from previous studies using the parametric g-formula: while
the later set hypothetical interventions to decrease the risk of outcomes, ours went in
the opposite direction. Our methodological choice was based on the rising
prevalence of excess of weight. As aforementioned, in this cohort, the prevalence of
overweight/obesity increased 100% from 1986 to 2012, suggesting an ascending
pattern of such condition. Furthermore, the similarity between the simulated risks for
the different outcomes with the corresponding observed risks is a condition for no
model misspecification in the calculation of estimates using the parametric g-formula.

Finally, we should emphasize the reliability of our measures since data were
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obtained from clinical examinations by trained and calibrated examiners. Additionally,
the use of renowned classification for periodontitis also corroborates the robustness
of our findings.

This study is not free of limitations. Firstly, we only obtained measures of
alcohol consumption and diet from early adulthood. As some detrimental habits start
in adolescence, this could underestimate the effects of such habits in the hypothetical
interventions. We used BMI to classify the nutritional status of the individuals. This
index does not distinguish between fat mass and lean mass and does not consider
the distribution of fat over the body. Additionally, previous studies have demonstrated
that waist circumference is a more reliable measurement for obesity, since abdominal
obesity, independent of general obesity, is associated with metabolic disturbances
and increased risk for chronic diseases, such as periodontitis®" ®2. Thus, abdominal
obesity should be preferred in future studies. Nevertheless, even with the limitations
of BMI, a strong effect of both, overweight and obesity, on periodontitis could be
demonstrated using the hypothetical interventions. Our estimates may not be
extrapolated to other populations with different distribution of risk factors, since the g-
formula standardizes the risk to the distribution of risk factors in this particular
population under study. Also, the validity of our findings relies on the usual
assumptions for all analyses of observational data: no unmeasured confounding, no
measurement error and no model misspecification. However, a possibility of residual
confounding cannot be logically excluded; also, a certain degree of measurement
error is expected, what might have contributed as a source of bias.

Regardless of the limitations, our study demonstrated the impact of increasing
overweight and obesity on periodontitis in adults from a Brazilian birth cohort. As
periodontitis is ranked amongst the 10" most prevalent chronic conditions in the
global burden of diseases, the increase of obesity will further add to the burden of
periodontitis. Additionally, the combination of obesity with other risk factors may
increase the risk of periodontitis development. Thus, a common risk approach seems
to be more rationale to prevent periodontal disease development and progression

than intervening on each specific risk factor®.
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Figures

5,914 individuals enrolled in the cohort (1982)

Y

4,742 individuals followed (1986)

A 4

1,076 individuals followed (1997) — OHS-97
(Representative sample of the cohort)

!

4,297 individuals followed (2005)

!

3,701 individuals followed (2012)

|

539 participants with periodontal data (2013)
OHS-13

Figure 1. Flow chart of the 1982 Pelotas Birth Cohort and the Oral Health Studies
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(end of follow-up)

Covariate B,
Covariate A,

Covariate B,
Covariate A,

Covariate A,

Figure 2. Simplified causal directed acyclic graph to depict the relationship between time-
varying exposure (obesity), outcomes (periodontal disease) and time-varying covariates



Table 1. Covariates used to model incidence of periodontitis in the 1982 Pelotas
Birth Cohort (1982-2013), Pelotas, Brazil.

Variables Years Type of model when  Functional form

assessed used as dependent when used as
variable predictor

Non-modifiable

Time period - Not predicted Period indicators

Sex 1982 Not predicted Indicator

Household

_ 1982 Not predicted Indicator

income

Maternal

Schooling 1982 Not predicted Indicator

Experience

Modifiable

BMI 1986, 1997, Nested Logistic Three categories”
2005, 2012

Smoking 1997, 2005, Logistic Indicator
2012

Alcohol 2005, 2012 Logistic Indicator

Diet 2005, 2012 Logistic Indicator

Indirectly Modifiable

Hypertension 2005, 2012 Logistic to failure Indicator

Diabetes 2005, 2012 Logistic to failure Indicator

* Categories were: eutrophic, overweight and obese.
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Supplementary Material

Table S1. Information regarding the participants of the 1982 Pelotas birth cohort at
ages 15, 23 and 30. Pelotas, Brazil.

Number of participants %

Age 15

Smoking 166 12.5
Age 23

Smoking 1,103 25.7
Diet 971 21.7
Alcohol 1,431 33.3
Hypertension 474 11.0
Diabetes 170 4.6
Age 30

Smoking 861 23.6
Diet 1,616 44.3
Alcohol 1,143 31.3
Hypertension 425 11.7

Diabetes 127 3.6




S2. Codes used for the analyses

options linesize=88 pagesize=54;
options nonotes;
%include "gformulal.sas";

**INTERVENTION Calls;

%let intervl=
intno =1, intlabel = 'Episodes of overweight', nintvar =1,
intvarl =pbmi, inttypel =1, intvaluel =1, inttimesl = 1 2 3 4;

%let interv2=
intno =2, intlabel = 'Episodes of obesity', nintvar =1,
intvarl =pbmi, inttypel =1, intvaluel =2, inttimesl = 1 2 3 4;

%let interv3=
intno =3, intlabel = 'Alcohol', nintvar =1,
intvarl =alc, inttypel =1, intvaluel =1, inttimesl = 3 4;

%let intervié=
intno =4, intlabel = 'Diet', nintvar =1,
intvarl =gorddic, inttypel =1, intvaluel =1, inttimesl = 3 4;

%let intervb=
intno =5, intlabel = 'Smoking', nintvar =1,
intvarl =smk, inttypel =1, intvaluel =1, inttimesl = 2 3 4;

%let interve=

intno =6, intlabel = 'Overweight and smk', nintvar =2
intvarl =pmi, inttypel =1, intvaluel =1, inttimesl =
intvar2 =smk, inttype2 =1, intvalue2 =1, inttimes2 = 2 3 4;

_~
N
w

&

%let intervi=

intno =7, intlabel = 'Obesity and smk', nintvar =2,

intvarl =bmi, inttypel =1, intvaluel =2, inttimesl = 1 2 3 4,
intvar2 =smk, inttype2 =1, intvalue2 =1, inttimes2 = 2 3 4;

%let interv8=

intno =8, intlabel = 'Ovw and Alcohol', nintvar =2,

intvarl =bmi, inttypel =1, intvaluel =1, inttimesl = 1 2 3 4,
intvar2 =alc, inttype2 =1, intvalue2 =1, inttimes2 = 3 4;

%let interv9=
intno =9, intlabel = 'Obesity and Alcohol', nintvar =2
intvarl =pbmi, inttypel =1, intvaluel =2, inttimesl = 1
intvar2 =alc, inttype2 =1, intvalue2 =1, inttimes2 = 3

%let intervl0O=

intno =10, intlabel = 'Ovw and diet', nintvar =2,

intvarl =pbmi, inttypel =1, intvaluel =1, inttimesl = 1 2 3 4,
intvar2 =diet, inttype2 =1, intvalue2 =1, inttimes2 = 3 4;

%$let intervll=

intno =11, intlabel = 'Obesity and diet', nintvar =2,

intvarl =bmi, inttypel =1, intvaluel =2, inttimesl = 1 2 3 4,
intvar2 =diet, inttype2 =1, intvalue2 =1, inttimes2 = 3 4;

%let intervl2=

intno =12, intlabel = 'Ovw, diet and smk', nintvar =3,
intvarl =bmi, inttypel =1, intvaluel =1, inttimesl = 1 2 3 4,
intvar2 =diet, inttype2 =1, intvalue2 =1, inttimes2 = 3 4,
intvar3 =smk, inttype3 =1, intvalue3 =1, inttimes3 = 2 3 4;

%let intervl3=

intno =13, intlabel = 'Obesity, diet and smk', nintvar =3,
intvarl =bmi, inttypel =1, intvaluel =2, inttimesl = 1 2 3 4,
intvar2 =diet, inttype2 =1, intvalue2 =1, inttimes2 = 3 4,
intvar3 =smk, inttype3 =1, intvalue3 =1, inttimes3 = 2 3 4;

$let intervld=
intno =14, intlabel = 'Ovw, diet, smk and Alcohol', nintvar =4,
intvarl =pbmi, inttypel =1, intvaluel =1, inttimesl = 1

intvar2 =diet, inttype2 =1, intvalue2 =1, inttimes2 = 3 4
intvar3 =smk, inttype3 =1, intvalue3 =1, inttimes3 =
intvar4 =alc, inttype4 =1, intvalue4 =1, inttimes4 =

%let intervlb5=
intno =15, intlabel = 'Obesity, diet, smk and Alcohol', nintvar
intvarl =bmi, inttypel =1, intvaluel =2, inttimesl =1 2 3 4,

intvar2 =diet, inttype2 =1, intvalue2 =1, inttimes2 = 3 4
intvar3 =smk, inttype3 =1, intvalue3 =1, inttimes3 = 2 3
intvar4 =alc, inttype4 =1, intvalue4 =1, inttimes4 = 3 4;

’
4,
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**GFORMULA Call;

title ‘GFORMULA OBESITY’;

$gformula (

data=dataset,

id=id,

time=time, timepoints= 4,
outc=cal_bop, outctype= bineofu,
fixedcov = psex incomedic matschool,
ncov= 7,

covl =time, covlotype = 0, covlptype= concat, covlinc= 1, covlknots= 0 1 2 3, covllev= 4,
cov2 =bmi, cov2otype = 5, cov2ptype= laglcat, cov2lev= 2,

cov3 =hyp, cov3otype = 2, cov3ptype = lag2bin,

cov4 =pdm, covdotype = 2, covédptype = lag2bin,

cov5 =smk, covbotype = 1, cov5ptype = lag3bin,

cové =alc, covbotype =1, covéptype= skpbin, covéskip = 2,

cov7 =diet, cov7otype =1, coviptype= skpbin, cov7skip = 2,

seed= 7348,
nsimul= 10000,
nsamples= 1000,
numint= 15

)
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Figure S3. Causal directed acyclic graph to depict the relationship between time-
varying exposure (obesity), outcomes (periodontal disease) and time-varying
covariates.
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Os resultados dos diferentes estudos desta tese evidenciam a associagao
entre excesso de peso e doenga periodontal nas diferentes fases da vida. Os
achados ainda sugerem a existéncia de uma relagdo causal entre
sobrepeso/obesidade e doenca periodontal em adultos. Assim, € evidente a
importancia e a necessidade de estudos que investiguem o impacto de condi¢oes
sistémicas sobre desfechos de saude bucal.

Os resultados evidenciados pelos artigos que compdéem este volume tém
impacto direto sobre a pratica clinica ndo apenas do cirurgido-dentista, mas também
dos demais profissionais de saude. Estes resultados sugerem que a obesidade e o
sobrepeso devem ser considerados importantes fatores de risco as doencas
periodontais. Ainda, as intervengdes hipotéticas simuladas no ultimo artigo analitico
desta tese demonstram que o efeito do sobrepeso e da obesidade sobre o risco a
periodontite, nesta populacdo, sdo equivalentes ou superiores aos efeitos de
conhecidos fatores de risco a doenca periodontal, como o fumo. Assim, faz-se
necessaria a mudanga nos atuais paradigmas de prevengdo e tratamento das
doencas periodontais.

Os achados desta tese também devem ser considerados no contexto da
saude publica. Durante os anos de 1990 a 2010, a forma severa de periodontite
ocupou a sexta posicdo no ranking das doengas crOnicas mais prevalentes
mundialmente. Na coorte de Pelotas de 1982, aproximadamente 30% dos
participantes apresentam algum tipo de periodontite aos 31 anos. Diante do aumento
da expectativa de vida e da diminuicdo das perdas dentarias espera-se que a
prevaléncia desta condi¢cdo seja ainda maior em um futuro préximo. Associado a
isto, a prevaléncia de sobrepeso e de obesidade também tem aumentado de forma
significativa mundialmente. Assim, a abordagem de risco comum deve ser
amplamente reforcada para prevencao e tratamento de doencas crdnicas, como a
obesidade e a doenca periodontal, tendo em vista seus fatores de risco comuns e
seus potenciais efeitos sobre outras condicbes de saude. Isto implica uma
organizagdo dos servigos de saude evidenciando a necessidade de um cuidado

integral e abrangente.
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Futuros estudos longitudinais prospectivos de base populacional se fazem
necessarios para corroborar estes achados. Neste cenario, métodos analiticos
causais devem ser preferidos, e medidas mais precisas da composi¢ao corporal

devem ser empregadas sempre que possivel.
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