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RESUMO

Diversos fatores relacionados ao hospedeiro, como fatores ambientais (tabagismo), doengas
sistémicas (diabetes e dislipidemia) e heranga genética vém sendo estudados quanto a influéncia
no inicio e progressdo da doenca periodontal. Embora muitos estudos tenham investigado a
relagdo entre dislipidemia e periodontite cronica (PC), examinando os niveis séricos de lipideos,
os resultados ainda sdo contraditorios, indicando a demanda da realizagdo de uma metanalise.
Alguns Genome-Wide Association Studies (GWAS), estudos de bioinformatica e diversos
estudos caso-controle evidenciaram variantes genéticas associadas a suscetibilidade a
periodontite, mas os resultados para alguns desses polimorfismos sdo escassos ou contraditorios
entre as diferentes populagdes. Assim, nota-se a importancia de realizar metanalises e estudos
caso-controle para buscar validar ou identificar a associacdo de polimorfismos com a PC na
populacdo brasileira. O objetivo deste estudo foi dividido em 3 capitulos: (1) investigar se os
pacientes com PC apresentam diferentes niveis séricos de parametros lipidicos (HDL, LDL,
colesterol total e triglicérides) em comparagdo com individuos saudéveis; (2) avaliar se
polimorfismos de base inica (SNPs, single nucleotide polymorphisms) nos genes LDLR (rs5925
e 15688) e APOB (1s676210 e rs693) contribuem para a suscetibilidade a PC, uma vez que PC
estd associada a niveis plasmaticos de LDL mais elevados, e os polimorfismos nestes genes
podem aumentar as concentragdes plasmaticas de LDL; (3) validar na populacdo brasileira a
associacdo de polimorfismos genéticos previamente associados a PC em outras populagdes, por
meio de estudos que utilizaram técnicas sofisticadas de bioinformatica e GWAS. No capitulo
(1), foi realizada uma revisdo sistematica com metanalise e meta-regressdo. Nos capitulos (2) e
(3) foram realizados estudos caso-controle com genotipagem de SNPs em pacientes com e sem
PC para investigar a associagdo destes SNPs entre os diferentes genotipos em relagdo a PC e
parametros periodontais, além de avaliar a associag@o genética sexo-especifica, e a da interagdo
destas variacdes genéticas com fatores ambientais (tabagismo). Na metanalise, foram incluidas
19 publicagdes, verificando-se como resultado que os participantes com PC apresentaram niveis
séricos significativamente elevados de LDL e triglicerideos (p = 0,003 e p <0,0001,
respectivamente) e niveis significativamente mais baixos de HDL (p = 0,0005), comparando-
se a individuos sem PC. Como resultado do capitulo (2), ndo foi verificada associagdo

significativa entre os parametros clinicos periodontais e as frequéncias de gen6tipos de qualquer



dos SNPs nos genes APOB e LDLR avaliados. Comparando-se pacientes com e sem PC, ndo
houve diferencas significativas em nenhuma das andlises multivariadas, interagdes
multiplicativas e aditivas entre cada SNP e tabagismo e frequéncia de haplétipos nos dois genes.
Referente ao capitulo (3), constatou-se que os SNPs rs2521634 (proximo ao gene NPY) e
rs3811046 (no gene /L37) foram validados na populacao brasileira estudada como associado a
PC. Em conclusdo, observou-se que a PC foi associada a niveis mais altos de LDL e
triglicérides, e niveis mais baixos de HDL; enquanto que ndo foi associada aos SNPs estudados
nos genes LDLR e APOB; mas houve validacdo na populacdo brasileira estudada dos SNPs
proximo ao gene NPY e no gene /L37, previamente identificados por GWAS, com associagao

de maior risco a PC severa e moderada.

Palavras chave: Periodontite cronica. Dislipidemias. Metandlise. Polimorfismo genético.
Gendtipo.
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ABSTRACT
Several factors related to the host, such as environmental factors (smoking), systemic diseases

(diabetes and dyslipidemia) and genetic inheritance have been studied regarding the influence
on the onset and progression of periodontal disease. Although several studies have investigated
the relationship between dyslipidemia and chronic periodontitis (CP), focusing on serum lipid
levels, the results are still contradictory, indicating the necessity of a meta-analysis. Some
genome-wide association studies (GWAS), bioinformatics studies and several case-control
studies have shown genetic variants associated with susceptibility to CP, but the results of some
of these polymorphisms are sparse and contradictory among different populations. Thus, it is
important to conduct meta-analysis and case-control studies in order to validate or identify an
association of polymorphisms with CP in a Brazilian population. The objective of this study
was divided into three chapters: (1) to investigate whether patients with CP present different
serum levels of lipid parameters (HDL, LDL, total cholesterol and triglycerides) compared to
healthy individuals; (2) to assess whether single nucleotide polymorphisms (SNPs) in the LDLR
(rs5925 and rs688) and APOB (rs676210 and rs693) genes contribute to CP susceptibility, since
CP is associated with higher plasma LDL levels and the polymorphisms of these genes may
increase plasma LDL concentration; (3) to validate, in the Brazilian population, the association
of genetic polymorphisms previously associated with CP in other populations, through studies
using sophisticated bioinformatics techniques and GWAS. A systematic review with meta-
analysis and meta-regression was performed in chapter (1). Case-control studies with
genotyping of SNPs in patients with and without CP were performed in chapters (2) and (3).
These studies was conducted to investigate the association of different SNPs genotypes
respecting to CP and periodontal parameters, as well as to evaluate sex-specific genetic
association, and gene-environmental interaction. In the meta-analysis, 19 publications were
included. It was found that participants with CP had significant higher LDL and triglycerides
serum levels (p = 0.003 and p < 0.0001, respectively) and lower HDL levels (p = 0.0005)
compared to healthy patients. As a result of chapter (2), no significant association was found
between the periodontal clinical parameters and the frequencies of genotypes of any of the SNPs
in the APOB and LDLR genes evaluated. Comparing patients with and without CP, there were
no significant differences in any multivariate analysis, multiplicative and additive interactions

between each SNP and smoking and haplotype frequency in the two genes. Regarding chapter



(3), the rs2521634 (near the NPY gene) and rs3811046 (in the IL37 gene) SNPs were validated
in the Brazilian population studied in association with CP. In conclusion, CP was associated
with higher levels of LDL and triglycerides and lower levels of HDL; while it was not
associated with the SNPs studied in the LDLR and APOB genes; but there was validation in
the studied Brazilian population of the SNPs near to the NPY gene and in the IL37 gene with a

higher risk association to severe and moderate CP, previously identified by the GWAS.

Keywords: Chronic periodontitis. Dyslipidemias. Meta-analysis. Genetic polymorphism.

Genotype.
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1 INTRODUCAO

O workshop internacional para a classificacdo de doencas e condi¢des periodontais da
Academia Americana de Periodontologia em 1999 definiu a periodontite cronica (PC) como
uma "doencga infecciosa que resulta na inflamagao das estruturas de sustentacdo do dente, com
progressiva destrui¢do do ligamento periodontal, cemento e osso alveolar. E caracterizada por
formacdo de bolsa periodontal e / ou recessio gengival. E reconhecida como a forma mais
frequente de periodontite” 2. As caracteristicas da periodontite cronica listadas no referido
workshop sdo: maior prevaléncia em adultos, mas pode ocorrer em criangas e adolescentes; a
quantidade de destruig¢@o ¢ consistente com a presenca de fatores locais; o calculo subgengival
¢ um achado frequente, associado a um padrao microbiano variavel; taxa de progressdo lenta a
moderada, podendo ter periodos de rdpida progressdo; pode ser associado a fatores
predisponentes locais (por exemplo, fatores iatrogénicos); podem ser modificados e / ou
associados a doengas sistémicas (por exemplo, diabetes mellitus); podem ser modificados por

fatores ambientais (como tabagismo e estresse emocional) 24,

Doengas complexas sdo causadas por uma combinacao de fatores genéticos, ambientais
e de estilo de vida, sendo a grande maioria das doengas enquadrada nesta categoria, incluindo
doengas como diabetes mellitus (DM), dislipidemia e doenga periodontal 3. Embora herdemos
genes associados a essas doencas, os fatores genéticos representam apenas parte do risco
associado ao fenotipo das doengas complexas. Além disso, essas doengas sdo poligénicas, pois
varios genes estdo envolvidos na suscetibilidade e na severidade da doenga, cada qual
garantindo uma pequena contribui¢do. Uma predisposi¢ao genética significa que um individuo
tem uma suscetibilidade genética ao desenvolvimento de uma determinada doenga, mas isso
ndo significa que tal pessoa desenvolvera obrigatoriamente a doenga. Embora ndo possamos
mudar nossos genes, podemos alterar nosso estilo de vida e alterar fatores ambientais para
prevenir ou retardar o aparecimento de tal transtorno. De fato, a interag@o entre fatores genéticos

e ambientais em doengas complexas continua a desafiar a compreensio dos pesquisadores °.

Isso contrasta com as doengas mendelianas simples, nas quais a alteracdo de um s6 gene
determina o fenotipo da doenga 7. Para revelar as influéncias genéticas e ambientais em uma
dada doenca, sdo realizados estudos investigando gémeos monozigéticos (MZ - gerados a partir
da divisdo de um unico zigoto) e dizigdticos (DZ - gerados a partir de zigotos independentes).
Gémeos MZ, além dos genes completamente compartilhados, quando criados juntos, tém

também influéncias ambientais muito similares. Nos estudos envolvendo pares de gémeos, ¢
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avaliado se uma caracteristica (inclusive uma doenga) ocorre em ambos os gémeos
(concordancia) ou em somente um deles (discordancia). Quanto maior a frequéncia da mesma
caracteristica em ambos os membros dos pares MZ, em comparagdo aos DZ, maior a
probabilidade de que a caracteristica tenha um componente genético. Os resultados de estudos
em familias e em gémeos indicam que ha heranga genética para suscetibilidade a PC 1011,
Comparando-se gémeos MZ e DZ, foi observada maior concordancia da ocorréncia da PC entre
os gémeos MZ criados juntos do que a encontrada nos gémeos DZ, significando que o fator
genético tem forte contribui¢do para o acometimento da doenga 2. Os autores estimaram que a
PC possui aproximadamente 50% de hereditariedade, mesmo apos ajustes para varidveis

comportamentais, como o tabagismo 2,

Como mencionado anteriormente, ndo apenas fatores genéticos influenciam na doenga
periodontal. Diversos outros fatores relacionados ao hospedeiro, como fatores ambientais
(tabagismo), estresse emocional e doengas sistémicas (diabetes mellitus e dislipidemia)
passaram a serem estudados para compreender como contribuem para o inicio e progressao da
PC 314 O termo Medicina Periodontal, como sugerido pela primeira vez por Offenbacher !°
(1996), pode ser visto como um termo amplo que define uma relacdo entre satide/doenca
periodontal e satide/doenca sist€émica. Acredita-se em uma relagdo bidirecional, ou seja, a
doenga periodontal pode influenciar na satde sist€émica de um individuo, bem como doencas
sistémicas podem influenciar a satide ou doenga periodontal de um individuo . Dentre estas
doengas, vem crescendo o nimero de estudos investigando a relagdo entre a doenca periodontal

e o diabetes mellitus e também a dislipidemia 6-20,

FATORES GENETICOS E DOENCA PERIODONTAL

A PC pode se manifestar de diferentes formas clinicas na populacdo e a influéncia
ot d licar i 21, Polimorfi ot ao f i lel
genética pode explicar isso em parte'. Polimorfismos genéticos sdo formas variantes (alelos)
de um lécus especifico do cromossomo, que coexistem naturalmente na populagdo humana.
Polimorfismos genéticos sao também entendidos como variagdes normais do genoma humano,
no qual o alelo mais raro ocorre com uma frequéncia maior que 1% na populagdo. Os
polimorfismos surgem como resultado de mutagdes, como insergdes, delecdes ou substituicdes
de bases nucleotidicas, podendo gerar uma proteina ndo funcional ou alterar a expressdo da

referida proteina. O tipo de polimorfismo mais comumente relatado na literatura ¢ o de base
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Ginica, conhecido como Polimorfismo de Nucleotideo Unico (Single Nucleotide Polimorphism
- SNP), que consiste em uma variagdo da identidade de um nucleotideo singular num sitio

particular do genoma 2.

Os polimorfismos genéticos sdo muito uteis em estudos da area de Genética de
Populagdes. As frequéncias dos genoétipos e alelos podem variar entre grupos de pacientes
doentes e saudaveis. Subsequentemente, quando um determinado alelo estd associado com a
doenca, estudos enfocando a genética funcional podem ser realizados para investigar a possivel
influéncia do referido polimorfismo na expressdao do gene e seu papel na etiologia e patogénese
da doenga 232*, E muito importante essa investigacdo da funcionalidade de um polimorfismo,
pois tais variagdes alélicas podem estar situadas em regides promotoras do gene e isso pode
influenciar a transcri¢do do mesmo; ou seja, um SNP pode influenciar na producdo de maior ou
menor quantidade de proteina, provocando variagcdes nas respostas imunologica e inflamatéria
individuais frente a uma agressdo bacteriana . Além disso, um SNP também pode estar
localizado em exons, de forma que, dependendo do nucleotideo variante e de sua posi¢do, um
determinado aminodcido pode ser alterado para outro, levando a mudanca da sequéncia original

da proteina, o que pode comprometer sua fungéo 2.

Nota-se uma tendéncia mundial em identificar marcadores genéticos de suscetibilidade
a PC, principalmente focando-se em genes relacionados ao sistema imunoinflamatorio,
particularmente das citocinas. Citocinas sdo proteinas secretadas por células do sistema imune,
importantes na regulacdo imune e comprovadamente relacionadas ao processo de inflamagao
periodontal e sistémica 27-*%, Estudos relatam que variagdes alélicas, como os polimorfismos em
genes que codificam citocinas, podem afetar a suscetibilidade e a progressdo da PC #2831, O
primeiro estudo demonstrando a associacdo entre PC e um polimorfismo genético, no caso no
gene L1, foi de Kornman e colaboradores *? em 1997. A partir de entdo, muitos estudos vém

sendo realizados com o objetivo de associar diversos polimorfismos em varios genes com a PC
33-37

Existem milhdes de SNPs distribuidos no genoma que tém sido investigados em
associagdo a doengas, mas apenas uma pequena parcela destes foi estudado em relagdo a PC 38,
Os primeiros estudos investigando a suscetibilidade genética a PC na populagdo brasileira sao
de 2002, utilizando a técnica da Reagdo em Cadeia da Polimerase (PCR) aliada a de
Polimorfismo de Comprimento de Fragmento de Restrigdo (RFLP), ou seja, a PCR-RFLP *°. A

partir de entdo, varias outras pesquisas t€ém sido realizadas na populagdo brasileira a fim de
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identificar marcadores genéticos que possam estar associados com a suscetibilidade ou

predisposi¢do a PC 40-43,

Para otimizar a andlise de varios SNPs, atualmente tem sido empregadas tecnologias de
alto desempenho, como microarrays. A partir de 2009, surgiram as primeiras publica¢des
utilizando-se um protocolo baseando em uma tecnologia de alto desempenho e rendimento de
genotipagem através de PCR em tempo real, conhecido como Plataforma de Genotipagem

TagMan ™ OpenArray® da empresa Life Technologies #4.

A tecnologia OpenArray ™ utiliza um chip do tamanho de uma lamina para microscopia
com 3.072 orificios. Cada placa contém 48 subarranjos (subarray), cada uma com 64 pocos de
300 um de didmetro e 300 um de profundidade. A superficie da placa tem propriedades
hidrofébicas, enquanto o interior dos pocos (onde as sondas e primers ja estdo inseridos) sao de
natureza hidrofilica. Os reagentes sdo retidos nos orificios através da tensdo superficial. Estas
propriedades fisicas permitiram que um pequeno volume (33 nL) da amostra possa ser inserido

com grande acurécia e precisdo #°.

Uma placa OpenArray pode conter tantas amostras como oito placas tradicionais de 384
pocos. Tal tecnologia atua por meio de um chip contendo sondas para deteccdo de alelos de
diferentes SNPs, assim esse chip de genotipagem permite a analise simultdnea de no minimo
16 e maximo 256 SNPs. Uma das principais vantagens desse método ¢ que o pesquisador
escolhe os SNPs que deseja investigar, comunicando-se com a empresa que desenvolvera o chip
de modo “customizado”. O chip contém os ensaios em nano-cavidades, requerendo apenas a
adicdo da amostra quantificada de DNA dos pacientes. A manipulacdo e distribuicdo das
amostras no chip de OpenArray® ¢ realizada por um pipetador automatico, o que aumenta a

precisdo e diminui erros de pipetagem #°.

Apesar de aparentemente mais caro, na verdade, em comparacdo a técnicas de
genotipagem convencionais (onde cada SNP ¢ investigado de cada vez), o uso da plataforma
OpenArray® ¢ mais econdmica quando pretende-se analisar diversos polimorfismos 6. Em um
estudo recente realizado em uma popula¢do brasileira, a plataforma de genotipagem
OpenArray® provou ser altamente eficaz (taxa de precisdo — call rate de 96,99%) para a
genotipagem de SNPs suspeitos de estarem relacionados a perda auditiva . O resultado de
genotipagem com o OpenArray foi validado por meio de outras técnicas como sequenciamento

direto, PCR multiplex e PCR-RFLP.

A limitacdo da abordagem de genes candidatos ¢ que centenas de genes ndo sio
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estudados porque suas fungdes sdo desconhecidas. Portanto, estudos com estratégia livres de
hipdtese e abordando todo o genoma sdo novas estratégias que estdo sendo utilizadas para
diversas doengas #’. Dentre estas estratégias, destacam-se Genome-Wide Association Study

(GWAS) ¢ analises envolvendo técnicas sofisticadas de bioinformatica.

O numero de publicacdes usando bases de dados genéticos e métodos de bioinformatica
para identificar genes candidatos a doencas vem se expandindo. Uma combinacdo de
ferramentas computacionais vem sendo utilizada para a identificacdo de genes candidatos para
a periodontite. Esses resultados teéricos fornecem novas pistas para os pesquisadores
planejarem experimentos especificos para cada gene identificado. H4 poucos estudos
publicados na literatura utilizando as técnicas de bioinformadtica para identificar os genes
candidatos mais promissores para PC. Apenas um estudo usou as multiplas fontes de dados
associado a diferentes métodos computacionais para identificar genes em todo o genoma
humano que fossem candidatos ao desenvolvimento da periodontite . Por meio desse método
integrativo de ranqueamento de genes, alguns destacam-se: (i) a interleucina 18 (IL18) que
apresenta um papel importante na regulacdo da resposta imunoinflamatdria, modulando
atividade de macréfagos e neutréfilos 49, cuja proteina encontra-se em concentragdo aumentada
na saliva de pacientes com PC °%; e (ii) membro 9 da familia de Receptores Toll-like (TLR), ou
seja o TLRY, cuja expressao mostrou-se aumentada em pacientes com periodontite comparado

a pacientes com gengivites e pacientes saudaveis >!.

GWAS sdo estudos de associagdo do tipo caso-controle envolvendo uma grande amostra
populacional que, ao invés da abordagem de gene candidato, investigam simultaneamente
milhares de polimorfismos genéticos para identificar variantes genéticas associadas a uma
doenga 2. Assim, GWAS permitem uma analise em larga escala e imparcial do genoma,
utilizando grande nGmero de individuos 3. Os GWAS sdo capazes de analisar
aproximadamente 650.000 SNPs e sdo capazes de mostrar aproximadamente 22% da variancia
fenotipica observada na PC % Uma série de GWAS relataram novos achados para doengas
complexas e, curiosamente, a maioria desses genes identificados ndo foram previamente
estudados como genes candidatos. Isso também foi observado em relagdo a PC, uma vez que
diversos GWAS evidenciaram variantes genéticas associadas a susceptibilidade a PC. Pode-se

destacar polimorfismos no gene IL37 e proximo ao gene NPY 3+,

O neuropeptidio Y (NPY) ¢ um potente vasoconstritor que ¢ co-localizado com

noradrenalina no sistema nervoso simpatico 3’. O NPY mostrou ter vérios papéis, incluindo a
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modulacdo da resposta imune e angiogénese, sugerindo um papel no metabolismo e reparo
tecidual %!, O NPY ¢ o neuropeptidio mais abundante no 0sso e recentemente demonstrou ter
um papel na manutencao do equilibrio entre a formagao e reabsor¢do dssea, processos que sao
relevantes na periodontite 2%, Além disso, o NPY esta presente no fluido crevicular gengival
(FCGQ), apresentando niveis significativamente maiores em sitios periodontalmente saudaveis
em compara¢do aos sitios com periodontite %4, Isso indica um possivel papel do NPY no

processo de saude / doenca periodontal.

A interleucina-37 (IL-37), também conhecida como IL-1F7, é o membro mais
recentemente descrito da familia de citocinas IL-1 ®°. E uma potente citocina anti-inflamatéria,
produzida por mondcitos, células dendriticas, células plasmaticas e células epiteliais *-%7. Em
condi¢des normais, a IL-37 atenua a resposta imune inata pela supressdo de citocinas pro-
inflamatorias (IL-18, TNF-o, IL-6, IL-17 e IFN-y) ¢7. Nas infec¢des bacterianas, a IL-37 é capaz
de inibir o processo inflamatério . Existe apenas um estudo que investigou o FCG, niveis
salivares e plasmaticos de IL-37 em individuos com PC e em individuos sistemicamente e
periodontalmente saudéaveis . A 1L-37 foi detectada em FCG, saliva ¢ plasma de todos os
grupos, porém as quantidades totais de IL-37 foram semelhantes nos sitios de pacientes controle

e com doenga periodontal.

DISLIPIDEMIA E DOENCA PERIODONTAL

Evidéncias crescentes mostram a relagdo da PC com doengas sistémicas . Estudos
epidemiologicos comprovam que a PC confere maior risco a doenga cardiovascular (DCV) 7°,
A base patologica da DCV ¢ a aterosclerose !, que geralmente se desenvolve como resultado
de um desequilibrio no perfil lipidico, uma vez que a placa ateromatosa pode ser iniciada pela

actimulo localizado de lipideos 7.

Anormalidades nos niveis de lipideos séricos caracterizam a dislipidemia, que ¢ uma
disfun¢do metabolica caracterizada por mudancas qualitativas e quantitativas das lipoproteinas
no sangue, além de transtornos no metabolismo de lipideos 7. Os lipideos ndo sdo soluveis no

1 di ao t tad ticul hecid li teinas 74, Est
plasma, em vez disso sdo transportados em particulas conhecidas como lipoproteinas *. Esta
doenca pode surgir e ser agravada devido a descompensagdo metabdlica gerada pelo quadro de

diabetes mellitus (DM) e / ou devido a uma dieta rica em gorduras .



22

Uma das principais caracteristicas da dislipidemia ¢ o aumento na concentracdo de
colesterol total, lipoproteinas de baixa densidade (LDL) e triglicérides, além da reducdo de
lipoproteinas de alta densidade (HDL) no sangue 777, De acordo com National Cholesterol
Educational Program (NCEP) Adult Treatment III (ATP III) 73, os seguintes pontos de corte
foram usados para definir dislipidemia: (i) Hipercolesterolemia: nivel de colesterol total > 200
mg/dL; (ii) Hipertrigliceridemia: niveis de triglicérides > 150 mg/dL; (iii) Baixos niveis de

HDL: niveis de HDL <40 mg/dL e (iv) Altos niveis de LDL: niveis de LDL > 130 mg/dL.

As causas da dislipidemia podem ser genética, ambiental, ou ambos. Dentre as causas
genéticas, ha a hipercolesterolemia familiar (HF), apolipoproteina B100 defeituosa,
hiperlipidemia combinada (familiar), entre outras. Dentre as causas secunddrias (ambientais),
incluem a dieta, uso de alguns medicamentos, além de doengas e desordens metabolicas, como

obesidade e DM tipo 2 (DM2) 7.

A hipercolesterolemia, como ja comentado, pode ser ocasionada por fatores genéticos.
Entre as mutagdes e polimorfismos envolvidos no aumento sérico de colesterol, ¢ possivel
destacar os que ocorrem no gene Apolipoproteina B (APOB) 787° e, principalmente, no gene do
Receptor de LDL (LDLR) %!, ApoB ¢é uma Apolipoproteina primaria da LDL, sendo a
principal transportadora natural de colesterol e fosfolipideos, atuando como um suprimento
constante de colesterol para tecidos periféricos e células ¥2. ApoB contém miltiplas regides
associadas a lipideos em sua estrutura que sdo necessarios para ligar-se ao LDL-R 3384, O LDL-
R desempenha um papel fundamental na regulacdo do metabolismo do colesterol, removendo
o0 excesso de LDL do sangue %. Além disso, estudos sugerem que LDLR ¢ expresso em células

epiteliais do tecido gengival 8¢

, € que a proteina ApoB pode ser encontrada no FCG, estando
em concentragdo aumentada em sitios com PC %7, Estes estudos mostram uma possivel
participagdo desses dois genes na patogénese da PC. Apesar de existirem estudos comprovando
a relacdo de polimorfismos nos genes LDLR e APOB com dislipidemia, ndo existem estudos

publicados sobre a associacdo destes polimorfismos com a PC.

A dislipidemia em associacdo com DM2 sdo as principais causas da morbidade e

mortalidade devido ao elevado indice de doengas cardiovasculares severas decorrentes 3887,

Quando a PC estd também associada a estas duas patologias, o quadro pode ser ainda mais

grave, pois a PC também tem sido indicada como um fator de risco independente para doengas

cardiovasculares 291,

Desde 1999, a relacdo entre PC e niveis lipidicos plasmaticos tem sido investigada,

considerando a hipotese de que a periodontite pode alterar os niveis séricos de lipideos 6202,
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Atualmente, varios trabalhos investigaram a relagdo entre periodontite e parametros lipidicos
93, Ja foi observado que individuos com PC tém maiores niveis séricos de colesterol total, LDL
e de triglicérides quando comparados com individuos periodontalmente saudaveis **. Estes
resultados levaram pesquisadores a considerar a inter-relagdo entre PC e dislipidemia como um
exemplo de uma doenga sistémica predispondo a infec¢@o por via oral, e uma vez estabelecida
a infec¢do oral, ela agrava a doenca sistémica (assim como ocorre com a DM). Assim, acredita-

se que a dislipidemia e a PC estdo envolvidas em um relacionamento bidirecional *°.

Estudos in vitro fornecem as bases biologicas para tal associacdo. Existem evidéncias
cientificas de que a PC, como uma doenga infecciosa cronica, produz altos niveis de citocinas
pro-inflamatérias; que, por sua vez, levam a alteragdo dos paradmetros lipidicos séricos,
promovendo assim a hiperlipidemia **7. Niveis elevados de citocinas pro-inflamatorias
ocorrem como consequéncia da infec¢do por microrganismos periodontopatogénicos, cujos
componentes de superficie (muitas vezes descritos como endotoxinas), particularmente
lipopolisacarideos (LPS), provocam uma reagdo do sistema imune **°. Por outro lado, quando
os niveis séricos de lipideos sdo elevados além do limite do intervalo fisiologico aceitavel, como
consequéncia, as fungdes das células imunes sdo alteradas. Os lipideos podem promover
hiperatividade de leucocitos, além de alterar o perfil de expressdo génica dos macréfagos,
aumentando a produ¢do de citocinas pré-inflamatérias, como o fator de necrose tumoral alfa
(TNF-alfa) e a interleucina 1 beta (IL-1f), aumentando-se a produ¢do de espécies reativas de
oxigénio em pacientes hiperlipidémicos ?%190-104 A liberagdo de citocinas pro-inflamatorias
comprometem a resposta do tecido periodontal e afeta a cicatrizagdo de feridas, aumentando

assim a suscetibilidade e severidade da PC 102.105-107,

No entanto, existem relatos contraditérios na literatura quanto a existéncia de associagao
entre a PC e os niveis séricos de lipideos. Em um estudo que investigou 8.028 individuos,
verificou-se que os niveis séricos de lipideos ndo estavam associados a infec¢do periodontal
(definida como a presenga de dentes com bolsas periodontais profundas) %, Alternativamente,
foi indicado que a dislipidemia ndo estd associada com a perda de nivel clinico de inser¢ao
periodontal, mas que DM2 seja um fator mais importante para determinar a porcentagem de
sitios com destrui¢do periodontal %°. Acredita-se que a DM seja um preditor mais forte para a
PC do que a dislipidemia 7. Contrapondo-se a isso, foi demonstrado que a maior produgéo de
citocinas pro-inflamatorias por macréfagos ocorra em decorréncia da hiperlipidemia, e ndo da

hiperglicemia 9119,



24

Tem sido cada vez mais comum encontrar pacientes com DM2 que também sdo afetados
por dislipidemia e periodontite cronica, mas contraditoriamente, existem limitados estudos
sobre a associacdo conjunta dessas doengas. Em vista disso, nosso grupo de pesquisa tem
estudado nos ultimos anos a expressdo genética em pacientes com DM2 compensados e
descompensados e em individuos normoglicémicos, associadas a dislipidemia e periodontite
cronica 112, Foi possivel obter evidéncias que a dislipidemia foi a principal doenga associada
ao aumento de /L0 e IFNA e a diminui¢do da expressdo dos genes IFNG, IP10, IRF1, JAKI,
STAT3; porém sem ignorar a participagao da periodontite cronica nessa expressao génica, uma
vez que os parametros periodontais se correlacionaram significativamente com os niveis de

mRNA dos citados genes ''!.

Além disso, resultados de Oliveira (2014) '3 ainda ndo publicados, mostraram que os
parametros lipidicos se correlacionaram com os parametros periodontais (Tabela 1). Aumento
nos niveis de colesterol total, triglicérides e LDL correlacionaram-se com aumento na
porcentagem dos parametros clinicos periodontais (placa visivel, sangramento marginal,
sangramento a sondagem, profundidade de sondagem > 6 mm, perda de inser¢cdo > 5 mm e
supuracdo). Estes resultados indicam que a maior gravidade da PC se correlaciona com pior
controle lipidico, caracterizado pelo aumento nos niveis lipidicos (colesterol total, triglicérides

e LDL).

Esses achados fornecem evidéncias de que o estado inflamatério se associe
principalmente a dislipidemia, porém a regula¢do da resposta imune sistémica ¢ complexa,
sendo correlacionada também a PC. Além disso, observamos que pacientes dislipidémicos
apresentaram maior gravidade da periodontite, afetando negativamente a saude e a qualidade

de vida.
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Tabela 1 - Correlagio ajustada entre parametros periodontais e lipidicos

Colesterol HDL LDL Triglicérides
total

IPV (% sitios) 0.38 -0.02 0.26 0.32
ISM (% sitios) 0.32 -0.05 0.23 0.28
SS (% sitios) 0.31 0.00 0.24 0.19

PS < 3mm (% sitios) -0.21 0.10 -0.16 -0.23
PS 4-5mm (% sitios) 0.06 -0.11 0.02 0.14
PS > 6mm (% sitios) 0.28 -0.06 0.22 0.25
NI < 2mm (% sitios) -0.18 0.04 -0.14 -0.15
NI 3-4mm (% sitios) -0.09 0.04 -0.09 -0.09
NI > 5mm (% sitios) 0.30 -0.07 0.25 0.24
Supuracio (n° sitios) 0.20 -0.11 0.20 0.13

Os coeficientes de correlacdo de Spearman s3o apresentados (r; o = 5%) ajustados para idade e
sexo. Correlagdes significativas (p <0,05) foram destacadas: cinza escuro significa correlagdo
significativa negativa e cinza claro significa correlagdo significativa positiva. IPV: indice de placa
visivel; ISM: indice de sangramento marginal; SS: sangramento a sondagem; PS: profundidade de
sondagem; NI: nivel de insergao.

Fonte: Elaboracio proprio com dados extraidos de Oliveira '**.

Embora muitos estudos tenham investigado a relagdo entre dislipidemia e PC,
examinando os niveis séricos de lipideos, os resultados ainda sdo contraditorios, indicando a
demanda da realizagdo de uma metanalise. Metandlise ¢ “a andlise estatistica de uma grande
colecdo de resultados oriundos de diferentes estudos com a finalidade de integrar os achados”
114 Os resultados de uma metanalise sdo mais precisos em determinar o efeito de um tratamento
ou o risco de um fator para uma doenga, ou outros resultados, do que qualquer estudo individual
que contribua para a analise conjunta !'°, Portanto, a metanalise desempenha um papel central
na medicina baseada em evidéncias, sendo considerada a melhor forma de evidéncia cientifica

e, portanto, colocada no topo da hierarquia da evidéncia!!>!16,

Considerando que alguns GWAS e diversos estudos caso-controle evidenciaram
variantes genéticas associadas a suscetibilidade a periodontite, mas os resultados para alguns
desses polimorfismos sdo escassos ou sao contraditorios entre as diferentes populagdes, nota-
se a importancia de realizar metanalises e estudos caso-controle para buscar validar ou

identificar a associagdo de polimorfismos com a PC na populacdo brasileira.
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2 PROPOSICAO
Proposicio geral

Investigar a associagdo do metabolismo lipidico e de polimorfismos genéticos na

periodontite cronica por meio de metanalise e estudos caso-controle.

Tal proposicao estd dividida em trés capitulos, tendo sido o primeiro ja publicado, e os

capitulos seguintes ja formatados para futura publicagao.

Capitulo 1: Serum lipid levels in patients with periodontal disease: A meta- analysis and
meta-regression

O objetivo deste estudo de revisdo sistematica e metandlise foi investigar se os pacientes
expostos / afetados pela doenca periodontal cronica apresentam diferentes niveis séricos de
parametros lipidicos (HDL, LDL, colesterol total e triglicérides) em comparagdo com

individuos sem doenca periodontal.

Capitulo 2: Lack of association of Low-Density Lipoprotein Receptor and Apolipoprotein
B genes polymorphisms with chronic periodontitis in the Brazilian Population

O objetivo deste estudo foi avaliar se os polimorfismos nos genes LDLR (rs5925 e rs688) e
APOB (15676210 e rs693) contribuem para a suscetibilidade a periodontite cronica (PC), uma
vez que PC esta associada a niveis plasmaticos de LDL mais elevados, e os polimorfismos

nestes genes podem aumentar as concentragdes plasmaticas de LDL.

Capitulo 3: Validation of the Neuropeptide Y and Interleukin 37 polymorphisms as
associated with moderate or severe chronic periodontitis in a Brazilian population

O objetivo deste estudo foi validar na populacdo brasileira a associacdo de polimorfismos
genéticos previamente associados a periodontite cronica em outras populagdes, por meio de
estudos que utilizaram técnicas sofisticadas de bioinformatica e genome-wide association

studies (GWAS).
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3 CAPITULOS

3.1 Capitulo 1*

Serum lipid levels in patients with periodontal disease. A meta-analysis and meta-

regression

Running title: Serum lipid and periodontal disease

Keywords: Periodontal Disease, Dyslipidemia, Cholesterol, High-Density Lipoprotein

Cholesterol, Low Density Lipoprotein Cholesterol, Triglycerides.
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1 | INTRODUCTION

Abstract

Aim: Several papers have considered the potential relationship between periodontitis
and lipid parameters. The present systematic review, meta-analysis and meta-
regression studies focused on investigating whether serum lipid parameter levels were
elevated in patients with periodontal disease (PD; without altered systemic conditions)
in comparison with periodontally healthy subjects.

Materials and Methods: Eligible studies were those with data about serum lipid pa-
rameter levels in non-smoking subjects with and without chronic periodontitis, who
are generally healthy and not taking any medication for dyslipidaemia. Mean differ-
ences and 95% confidence intervals for total cholesterol, triglycerides, low-density li-
poprotein (LDL) cholesterol and high-density lipoprotein (HDL) cholesterol were
obtained from all the selected studies.

Results: A total of 19 publications were included for meta-analysis. Participants with
chronic periodontitis presented significantly higher serum levels of LDL and triglycer-
ides (p = .003 and p < .0001, respectively). The total cholesterol was higher in the PD
group, but without significant difference in comparison with healthy participants.
Significantly (p = .0005) lower HDL serum levels were found in patients with chronic
periodontitis than in healthy subjects.

Conclusions: Even considering the limitations of this meta-analysis, it is suggested that
PD is significantly associated with reduction in HDL and elevation of LDL and triglyc-
eride concentrations. This analysis supports the rationale that periodontal disease is
associated with lipid metabolic control.

KEYWORDS
cholesterol, dyslipidaemia, high-density lipoprotein cholesterol, low-density lipoprotein
cholesterol, periodontal disease, triglycerides

(Kuo, Poison, & Kang, 2008). There is consistent and strong epidemi-
ologic evidence that periodontitis imparts increased risk of future car-

Periodontal disease (PD) is a common, chronic, multifactorial, infec-
tious disease of the gingiva and supporting structures of the teeth (Loe,
Theilade, & Jensen, 1965; Persson, 2006). Near 10% of the adult pop-
ulation and 30% of individuals over the age of 50 suffer from severe
periodontitis (Brown, Oliver, & Loe, 1990; Gjermo, 1998). Increasing
evidence linking periodontitis to systemic diseases has been shown

diovascular disease (CVD) (Tonetti & Van Dyke, 2013). The pathological
basis of CVD is atherosclerosis (Kinane & Lowe, 2000), which usually
develops as a result of an imbalance in the lipid profile, as atheromatous
plaque can be initiated by the focal accumulation of lipids (Ross, 1999).

Abnormalities in the serum lipid levels characterize dyslipi-
daemia (DLP), which includes high levels of total cholesterol (TC),

J Clin Periodontol. 2017;1-16.

wileyonlinelibrary.com/journal/jcpe

© 2017 John Wiley & Sons A/S. | 1
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triglycerides (TG) and low-density lipoprotein (LDL), as well as de-
creased levels of high-density lipoprotein (HDL) (Lee, Yi, & Bae,
2013). Since 1999, the relationship between periodontitis and
plasma lipid levels (TC, TG, LDL and HDL) has been investigated,
considering the hypothesis that periodontitis could alter serum lipid
levels (Ebersole et al., 1999). Nowadays, several papers have inves-
tigated the relationship between periodontitis and lipid parameters
(Bullon et al., 2009).

It was suggested that dyslipidaemia and PD are involved in a two-
way relationship, in which dyslipidaemia increases the risk of PD,
and periodontal inflammation negatively affects serum lipid control
(Awartani & Atassi, 2010). The biological rationale for this association
is in Appendix S7: Introduction. However, there are conflicting reports
in the literature as to whether there is an association between PD and
serum lipid levels. For example, Saxlin et al. (2008), who investigated
a huge population, found that serum lipid levels were not associated
with periodontal infection (defined as the presence of teeth with
deepened periodontal pockets).

Although many studies have investigated the relationship between
dyslipidaemia and periodontitis, examining serum lipid parameter lev-
els, no meta-analysis has been carried out to date. We hypothesize
that serum lipid levels in periodontitis patients, with no other systemic
disease conditions, are significantly altered compared to periodontally
healthy patients. Therefore, following PICO/PECO format (Moher,
Liberati, Tetzlaff, & Altman, 2009), the purpose of this systematic re-
view and meta-analysis study was to investigate whether patients ex-
posed/affected by destructive periodontal disease present different
serum lipid parameters levels (HDL, LDL, TG and TC) in comparison
with subjects without periodontitis.

2 | MATERIALS AND METHODS

A systematic review was conducted in accordance with the guide-
lines of the Transparent Reporting of Systematic Reviews and
Meta-Analyses PRISMA statement and also of Meta-analysis of
Observational Studies in Epidemiology (MOOSE) (Moher et al., 2009;
Stroup et al., 2000).

2.1 | Focused question

The focused question was proposed by following PECO principles
to summarize the differences in serum lipid parameters of patients
with and without chronic periodontitis: “Do individuals with chronic
periodontal disease with no other systemic disease condition have dif-
ferent serum lipid parameter levels (HDL, LDL, triglycerides and total
cholesterol) when compared with healthy subjects?”

2.2 | Search strategy

Electronic searches of the PubMed, Web of Science, Scopus, EMBASE
and Cochrane Controlled Trials Registry databases, complemented
by a search through the reference lists of included studies, were

Clinical Relevance

Scientific rationale for the study: There is strong evidence that
individuals with chronic periodontitis (CP) produce high lev-
els of pro-inflammatory cytokines, which may lead to altera-
tion of serum lipids. Therefore, it is important to assess the
association between lipid profile and CP.

Principal findings: Our analyses showed that CP was signifi-
cantly associated with reduction of HDL and elevation of
LDL and triglycerides.

Practical implications: Given the emerging evidence of the
association between CP and lipid metabolism, healthcare
providers should be aware of the interplay between lipid
level imbalance and exacerbated inflammatory responses.
Future investigations can further elucidate the potential im-
pact of periodontal therapy in the improvement of lipid
levels.

conducted from 1968 until the end of February 2016. Relevant papers
were identified through a search in databases following the search
words:

* MESH terms in all trees/subheadings: “Periodontal Diseases” and
“Lipids”.

e Keywords for periodontal diseases: “Periodontal Disease" or
“Periodontitis” or “Alveolar bone loss”; AND

o Keywords for lipids: “HDL" or “High Density Lipoprotein” or “LDL" or
“Low Density Lipoprotein" or “Triglycerides" or “Total Cholesterol”
or "Dyslipidemia” or “Hyperlipidemia" or "Hypertriglyceridemia” or
“Hypercholesterolemia” or “Lipids”.

The literature search in all electronic databases was exported to
EndNote Program~ X7 version (Thomson Reuters, New York, NY, USA) in
order to eliminate duplicate references.

2.3 | Study selection

We selected original research articles according to the following
inclusion criteria: (i) longitudinal studies and cross-sectional studies
(cohort and case-control studies); (ii) reporting data about serum lipid
parameters (HDL, LDL, triglycerides and total cholesterol) of adults
with and without chronic periodontitis; (iii) subjects with no systemic
disorders, including no history of CVD and diabetes; (iv) non-smoking
patients; (v) studies showing the use of statistical methods and the
numerical values of mean and standard deviation, including the units
for quantifying serum lipid levels; (vi) articles published in the English
language.

Studies specifically designed to investigate pregnant women and
subjects with atherosclerosis, rheumatoid arthritis, haemodialysis
treatment and/or with systemic treatment for dyslipidaemia were not
included in the review. Studies that included patients selected among
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Records identified through
database searching (PubMed,
Web of Science and Scopus)
7960

Records after duplicates
removed
957

Title or Abstract
582

Citations Excluded Based on

FIGURE 1 Flow chart of the search
strategy of the study

subjects who did not have hyperlipidemia (related to outcome) were
excluded, as that limited the lipid to low levels. Papers without ab-
stracts with titles suggesting relation to the objectives of this review
were also selected, for full-text screening. However, experimental
studies (animal and cellular models), letters to the editor, historical
reviews and unpublished articles were excluded. Original research ar-
ticles that failed to follow all the criteria described above were also
excluded from this meta-analysis.

Due to the lack of a general consensus for diagnosis of PD, and to
the use of different PD definitions in the searched articles, we set di-
agnostic thresholds as part of an assessment of methodological quality
and external validity. Selection criteria regarding this secure diagnosis
of PD were based on a previous meta-analysis (Nibali et al., 2013) as
follows:

Clinical Definitions of Periodontal Disease

a. Secure periodontitis:

e At least two sites on different teeth with clinical attachment
level (CAL) 26 mm and at least one site with probing pocket
depth (PPD) 24 mm, or

e At least two sites in non-adjacent teeth with proximal attach-
ment loss 23 mm, or

e Community periodontal index (CPI) score of 4 in at least one
quadrant, or

* In cases where no CAL or PPD is reported, radiographic alveolar
bone loss 230% of root length or 5 mm in at least two teeth.

b. Insecure periodontitis:

Parameters for disease classification, that is probing depths, clinical
attachment level and alveolar bone loss were not clearly defined or not
s0 rigorously categorized.

356 studies excluded:
- Periodontal status not considered in group
— | distribution : 127
- Subjects with systemic disorders: 43
- Insufficient data: 74
- Non-English: 7
- Subjects with aggressive periodontitis: 7
- Non-blood analysis: 3
-Short communication/abstract: 22
Publications Contributing to - Non-human: 9

Meta-Analysis - Review/case report/commentary: 38

19 - Smoking patients: 23

- Only non-dyslipidaemic patients: 3

Citations Selected for Full-Text
Review
375

Quality Assessment and Data Extraction—Detailed descriptions
can be found in Appendix S7: Materials and Methods.

2.4 | Statistical analysis

The effect size was estimated and reported as the mean difference
(MD). The 95% confidence interval (Cl) was calculated for each
lipid parameter, and the pooled effect was considered significant if
two-sided p values <.05 were reached. Statistical software (Review
Manager [RevMan], Version 5.1. Copenhagen: The Nordic Cochrane
Centre, The Cochrane Collaboration, 2011) was used to pool the data
and produces the forest plots. We performed subgroup analyses for
studies with and without Secure PD diagnosis.

Meta-regressions were undertaken to explore the impact of risk
of bias of included studies using a random-effects model. Univariate
and multivariate regression analyses were performed. As demon-
strated in Table 1, for the univariate analysis, we added the year in
which the study was published, total sample size, quality of studies
(considering Newcastle-Ottawa Scales score), periodontal diagnosis
(secure or insecure), age (centred on mean of all patients), age ratio
(centred on 1:1—PD Group: Control group ratio), gender (centred on
per cent of men), gender ratio (centred on 1:1—PD Group: Control
group ratio), studies matched for BMI between groups (yes or no),
blood serum or plasma collection, fasting or non-fasting blood test
as covariates. If the regression coefficient of the covariates was
significant at the level of .1, then the covariates were entered into
the multivariate meta-regression. We used 95% Cl and considered
a p-value below .05 to be statistically significant in multivariate
meta-regression.

If any of the parameters had influenced the outcome of the meta-
analysis, a new statistical analysis was performed to exclude bias. Articles
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(a) Total Cholesterol

Periodontal Disease Control Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Insecure

Akalin et al. 2008 176.47 41.68 17 169.12 28.99 17 5.3% 7.35([-16.78, 31.48) e —
Dhotre et al. 2011 222.7 35.46 100 190 19 100 7.9% 32.70(24.81, 40.59] g
Fentoglu et al. 2015 1783 25.36 37 175.96 28.26 37 7.3% 2.34([-9.89, 1457) ——
Hagh et al. 2014 218.11 29.77 45 162.31 4824 45 6.6% 55.80([39.24, 72.36) e
Joseph et al. 2011 163.93 27.61 S 167.73 2881 91 7.8% -3.80([-12.14, 454) i
Leite et al. 2014 176.21 30.07 28 172.7 30.93 27 6.6% 351([-12.62, 19.64) S —
Losche et al. 2000 2436 373 39 2248 391 40 6.5% 18.80[1.95, 35.65] oy
Monteiro et al. 2009 202.41 45.77 40 192.35 27.69 40 6.6% 1006 [-652, 26.64) S pp—
Penumarthy et al. 2013 208.03 5282 30 1687 22.46 30 5.9% 39.33[18.79, 59.87) S——
Pushparani et al. 2014 180.7 4522 150 185 3157 150 7.7% -430[-13.13, 4.53) o
Taleghani et al. 2010 207.3 421 26 1923 346 26 5.8% 15.00 [-5.95, 35.95] g e—
Subtotal (95% Ch 597 603 73.9% 15.63[3.61, 27.66] <P

Heterogeneity Tau® = 349.51; Chi? = 9126, df = 10 (p< 0.00001), I* = 89%
Test for overall effect: Z = 2.55 (p= 0.01)

Secure
Andrukhov et al. 2013 219 37.74 89 205.6 4483 54 6.9% 13.40(-0.90, 27.70] ——
Banu et al. 2014 167.5 17.9 40 1711 16.85 20 7.7% -3.60[-12.84, 5.64] —
Cutler et al. 1999 198 214 7 172 38 6 3.9% 26.00[-8.29, 60.29] e —
Liu et al. 2010 123.74 27.07 40 119.88 15.47 40 7.6% 3.86(-580, 13.52) s
Subtotal (95% CI) 176 120 26.1% 4.86 [-4.30, 14.01) 3

Heterogeneity Tau® = 39.04; Chi* = 5.75, df = 3 (p=0.12); P = 48%
Test for overall effect: Z = 1.04 (p= 0.30)

Total (95% CI) 773 723 100.0% 13.41 [4.22, 22.59] <
2 = o 2= 3.9 = L I $ + {

Heterogeneity Tau 263 4-,_Ch| . 103.95, df = 14 (p< 0.00001); | 87% oo 5 5o 100

Test for overall effect: Z = 2.86 (p= 0.004) Decreased in PD Increased in PD

Test for subgroup differences: Chi* = 1.95, df = 1 (p= 0.16), I’ = 48.8%

(b) HDL
Periodontal Disease Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Insecure
Akalin et al. 2008 45.18 1184 17 53.18 10.32 17 4.6% -8.00 [-15.47, -0.53]
Dhotre et al. 2011 40 7.28 100 46 7.82 100 7.1% -6.00 [-8.09, -3.91) =
Fentoglu et al. 2015 43.34 9.67 37 4399 899 37 6.2% -0.65 [-4.90, 3.60] "
Hagh et al. 2014 55.24 1405 45 53.75 17.87 45 5.0% 1.49[-5.15, 8.13] T o a—
Joseph et al. 2011 4156 7.95 85 4062 663 91 7.1% 0.94 [-1.23, 3.11] 3 1l
Leite et al. 2014 42.82 12.6 28 4756 1228 27 5.0% -4.74[-11.32, 1.84) . Y I
Losche et al. 2000 52.2 11.7 39 558 178 40 5.0% -3.60[-10.23, 3.03] —
Monteiro et al. 2009 47.48 7.97 40 5362 1068 40 6.3% -6.14 [-10.27, -2.01] =
Penumarthy et al. 2013 33.27 5.82 30 4603 899 30 6.4% -12.76[-1659, -8.93] A —
Pushparani et al. 2014 26.85 7.84 150 3868 7.05 150 7.2% -11.83 [-13.52, -10.14] —
Sridhar et al. 2009 39.2 7.19 30 4107 952 30 6.2% -1.87 [-6.14, 2.40] ——
Taleghani et al. 2010 488 12.6 26 488 126 26 4.9% 0.00 [-6.85, 6.85] S50 N
Subtotal (95% CI) 627 633 71.0% -4.59 [-7.96, -1.22) %
Heterogeneity: Tau® = 29.30; Chi® = 115.40, df = 11 (p< 0.00001); P = 90%
Test for overall effect: Z = 2.67 (p= 0.008)
Secure
Andrukhov et al. 2013 56.3 1509 89 593 13.96 54 5.9% -3.00 [-7.87, 1.87] —
Banu et al. 2014 40.1 4.48 40 4365 574 20 6.8% -3.55 [-6.42, -0.68] —
Cutler et al. 1999 38 7.9 7 52 18 6 2.0% -14.00 [-29.55, 1.55] S e T
Duzagac et al. 2015 519 10.7 30 545 89 15 5.4% -2.60[-851, 3.31] —
Kumar et al. 2014 36.75 9.93 25 3866 935 25 5.7% -1.91[-7.26, 3.44) Sy
Liu et al. 2010 4254 27.07 40 54.14 232 40 3.2% -1160([-22.65, -0.55] —
Subtotal (95% Ch) 231 160 29.0% ~3.56 [-5.60, -1.51] @
Heterogeneity Tau? = 0.00; Chi* = 4.28, df = 5(p=051); I* = 0%
Test for overall effect. Z = 3.41 (p= 0.0007)
Total (95% CD) 858 793 100.0% -4.60 [-7.20, -2.01] E 2
2 ~hil > 2 i 4 " 4
Heterogeneity Tau® = 23.59; Chi* = 124.82, df = 17 (p< 0.00001), I = 86% 35 1o 5 % %

Test for overall effect: Z = 3.47 (p= 0.0005)

O i Decreased in PD Increased in PD
Test for subgroup differences: Chi* = 0.27, df = 1 (p= 0.61), ¥ = 0%

FIGURE 2 Forest plot of mean difference (MD) for comparison: periodontitis versus non-periodontitis in studies with Insecure and Secure
diagnoses for PD before meta-regression. Outcomes: (a) Total Cholesterol; (b) HDL; (c) LDL; (d) Triglycerides
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Mean Difference

Study or Subgroup SD Total SD Total Weight IV, Random, 95% Ci IV, Random, 95% CI
Insecure
Akalin et al. 2008 32.84 17 22.07 17 4.8% 8.76[-10.05, 27.57) e —
Dhotre et al. 2011 23.15 100 1166 100 7.1% 32.70(27.62, 37.78) —
Fentoglu et al. 2015 2391 37 3113 37 5.9% 4.30(-8.35, 16.95) i
Hagh et al. 2014 37.41 45 4153 45 5.2% 129([-15.04, 17.62] —
Joseph et al. 2011 26.25 85 27.14 91 6.7% -162([-951, 6.27) —
Joshipura et al. 2004 39 91 36 377 6.6% 14.00(5.20, 22.80] —
Leite et al. 2014 27.09 28 24.59 27 S.7% 5.77[-7.89, 19.43) S e —
Losche et al. 2000 37.3 39 35.9 40 5.3% 21.80[5.65, 37.95] ——
Monteiro et al. 2009 40.87 40 22.81 40 5.6% 1106 [-3.44, 25 56) G —
Penumarthy et al. 2013 44.94 30 2051 30 5.0% 38.00[20.32, 55.68) i ——
Pushparani et al. 2014 4158 150 27.04 30 6.1% 9.50[-2.24, 21.24) S —
Taleghani et al. 2010 35.1 26 29 26 5.0% 6.30([-11.20, 23.80] P ——
Subtotal (95% CD) 688 860 69.1% 12.68 [3.78, 21.58] B
Heterogeneity, Tau® = 198 97, Chi’ = 78.69, df = 11 (p< 0.00001); I* = 86%
Test for overall effect: Z = 2.79 (p= 0.005)
Secure
Andrukhov et al. 2013 33.96 89 127 39.68 54 5.9% 12.90[0.18, 25.62) —
Banu et al. 2014 9.2 40 9.09 20 7.1% 1.70[-3.20, 6.60] e
Cutler et al. 1999 16 7 26 6 3.9% 27.00([3.06, 50.94)
Duzagac et al. 2015 473 30 104.81 2406 15 3.9% 3.23[-20.93, 27.29] e
Kumar et al. 2014 46.07 25 B3.44 3756 25 4.0% 5.04[-18.26, 28.34) -
Liu et al. 2010 30.94 40 23.2 40 6.0% 000[-11.98, 11.98] —
Subtotal (95% CI) 231 160 309% 5.08(-1.01,11.18] @
Heterogeneity Tau® = 14.60; Chi’ = 6.66, df = 5 (p= 0.25); I’ = 25%
Test for overall effect. Z = 1.63 (p= 0.10)
Total (95% CI) 919 1020 100.0% 11.04 [4.06, 18.02] <>
Heterogeneity: Tau? = 172,38, Chi’ = 112,89, df = 17 (p < 0.00001); I = 85% <35 3% 3

Test for overall effect: Z = 3.10 (p= 0.002)
Test for subgroup differences: Chi* = 1.90, df = 1(p=0.17), P = 47.5%

(d) Triglycerides

Decreased in PD

Increased in PD

Periodontal Disease

Control

Mean Difference

Mean Difference

Study or Subgroup SD Total SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
’ Insecure

Akalin et al. 2008 66.71 17 9053 89.33 17 3.1% 28.12 [-24.88, 81.12) )

Dhotre et al. 2011 29.23 100 11 1781 100 7.2% 34.00(27.29, 40.71) -

Fentoglu et al. 2015 35.71 37 13 5154 37 6.1% -14.28([-34.48, 5.92) s 2

Hagh et al. 2014 443 45 6 44.16 45 6.3% 84.17 [65.89, 102.45) ——

Joseph et al. 2011 23.33 85 49.03 44.19 91 7.0% -7.06[-17.41, 3.29] -

Leite et al. 2014 46 86 28 87.22 35.24 27 6.0% 1410([-7.76, 35 96] s

Losche et al. 2000 1155 39 1262 531 40 4.1% 49.40 [9.59, 89.21)

Monteiro et al. 2009 104.78 40 9925 4124 40 4.6% 45.23[10.33, 80.13]) EE—

Penumarthy et al. 2013 60.9 30 107.07 2489 30 5.8% 52.93[2939, 76.47) i ——

Pushparani et al. 2014 55.6 S0 1506 5269 150 6.9% 2.20([-10.06, 14.46) =

Sridhar et al. 2009 35.05 30 90.3 327 30 6.4% 10.27 [-6.88, 27.42] o

Taleghani et al. 2010 83.7 26 1284 711 26 3.9% 36.80([-541, 79.01) 1

Subtotal (95% CI) 627 633 67.5% 26.41 [9.62, 43.20]) -

Heterogeneity: Tau® = 708.71; Chi® = 122.43, df = 11 (p< 0.00001); I = 91%

Test for overall effect: Z = 3.08 (p= 0.002)

Secure

Andrukhov et al. 2013 70.75 89 58.05 54 6.0% 17.10([-4.25, 38.45) ey

Banu et al. 2014 30.63 40 23.87 20 6.7% 20.20 [6.07, 34.33) =

Cutler et al. 1999 82.7 7 363 6 2.2% 65.50([-2.30, 133.30] e—

Duzagac et al. 2015 33.4 30 25.7 15 6.4% 3.90([-13.76, 21.56] =

Kumar et al. 2014 63.06 25 167 80.08 25 4.1% 7.44[-32.52, 47.40] !

Liu et al. 2010 26.57 40 17.71 40 7.1% 0.00 [-9.90, 9.90] T

Subtotal (95% CD 231 160 32.5% 10.47[-0.31,21.25] @

Heterogeneity: Tau? = 71.54; Chi* = 9.04, df = S(p= 0.11); P = 45%

Test for overall effect: Z = 1.90 (p= 0.06)

Total (95% CI 858 793 100.0% 21.94 [9.84, 34.03) E-3

Heterogeneity Tau® = 513.73; Chi® = 143.34, df = 17 (p< 0.00001); I = 88%

Test for overall effect: Z = 2.56 (p= 0.0004)
Test for subgroup differences: Chi® = 2.45, df = 1 (p= 0.12), P = 59.2%

FIGURE 2 (Continued)

-100 -50

50 100

Decreased in PD Increased in PD
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Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Insecure
Dhotre et al. 2011 40 7.28 100 46 7.82 100 145% -6.00 [-8.09, -3.91) s o
Fentoglu et al. 2015 4334 9.67 37 4399 B899 37 10.6% -0.65 [-4.90, 3.60] S—r—
Hagh et al. 2014 55.249 14.05 45 S3.75 17.87 45 7.0% 1.49[-5.15, 8.13] S g —
Joseph et al. 2011 4156 7.95 85 4062 6.63 91 144% 0.94 [-1.23, 3.11) y
Leite et al. 2014 42.82 12.6 28 4756 12.28 27 7.1% -4.74 [-11.32, 1.84) o
Losche et al. 2000 52.2 11.7 39 558 178 40 7.0% -3.60 [-10.23, 3.03) S
Monteiro et al. 2009 47.48 7.97 40 53.62 10.68 40 10.8% -6.14[-10.27, -2.01) .
Sridhar et al. 2009 39.2 7.19 30 4107 952 30 105% -187[-6.14, 2.40) o
Taleghani et al. 2010 48.8 12.6 26 488 126 26 6.7% 0.00 [-6.85, 6.85) — =
Subtotal (95% CI) 430 436 88.6% -2.42 [-4.92, 0.08] -2
Heterogeneity: Tau® = 8.90; Chi® = 26.59, df = 8 (p= 0.0008); I’ = 70%
Test for overall effect: Z = 1.90 (p= 0.06)
Secure
Duzagac et al. 2015 519 10.7 30 545 89 15 7.9% -2.60[-851, 3.31) e S
Liu et al. 2010 4254 27.07 40 54149 232 40 3.5% -11.60[-22.65, -0.55] ——
Subtotal (95% CI) 70 55 11.4% -5.84 [-14.31, 2.63) el
Heterogeneity. Tau® = 20.06, Chi* = 1.98, df = 1 (p= 0.16);, I’ = 50%
Test for overall effect: Z = 1.35 (p= 0.18)
Total (95% C) 500 491 100.0% -2.76 [-5.07, -0.44) R
2 ~hi? 2 ' $ + n 3
Heterogeneity: Tau® = 8.47, Chi® = 29.10, df = 10 (p= 0.001); I = 66% 35 1o 5 % %

Test for overall effect: Z = 2.33 (p= 0.02)

Decreased in PD Increased in PD
Test for subgroup differences: Chi’ = 0.58, df = 1(p= 0.45), P = 0%

(b) LDI

Periodontal Disease Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Insecure
Dhotre et al. 2011 152.5 23.15 100 1198 1166 100 10.8% 32.70[27.62, 37.78] g
Fentoglu et al. 2015 11133 23.91 37 107.03 3113 37 94% 4.30(-835, 16.95] Sy —
Hagh et al. 2014 116,97 3741 45 115.68 4153 45 8.5% 1.29([-15.04, 17.62] e
26.25
39

Joseph et al 2011 104.04 85 105.66 27.14 91 104% -162(-951, 6.27) e
Joshipura et al. 2004 161 21 147 36 377 10.2% 14.00(5.20, 22.80) m—
Leite et al. 2014 112.94 27.09 28 107.17 2459 27 9.1% 5.77[-7.89, 19.43] N
Losche et al. 2000 1873 373 39 1655 359 40 85% 21.80(5.65, 37.95]

Monteiro et al. 2009 13132 40.87 40 120.26 2281 40 8.9% 11.06 [-3.44, 25.56) -

Taleghani et al. 2010 1227 351 26 1164 29 26 8.2% 6.30[-11.20, 23.80) P P —
Subtotal (95% Ch) 491 783 83.9% 10.94 [0.28, 21.60] e

Heterogeneity. Tau® = 223.60; Chi? = 70.95, df = 8 (p< 0.00001); I = 89%
Test for overall effect: Z = 2.01 (p= 0.04)

Secure
Duzagac et al. 2015 108.04 4731 30 104.81 34.06 15 6.6% 3.23[-20.93, 27.39]
Liu et al. 2010 73.47 30.94 40 7347 232 40 9.5% 0.00(-11.98, 11.98] S —
Subtotal (95% CI) 70 55 16.1% 0.64(-10.10,11.37] ’

Heterogeneity Tau® = 0.00; Chi’ = 0.06, df = 1 (p= 0.81), I = 0%
Test for overall effect: Z = 0.12 (p= 0.91)

Total (95% CI) 561 838 100.0% 9.40 [-0.24, 19.05] el
Heterogeneity. Tau® = 217.14; Chi’ = 79.46, df = 10 (p< 0.00001), P = 87% ot 5 H
Test for overall effect. Z = 1.91 (p= 0.06) Decreased in PD ln(re'ased in PD
Test for subgroup differences: Chi? = 1.78, df = 1(p= 0.18), I* = 43.9%

FIGURE 3 Forest plot of mean difference (MD) for comparison: periodontitis versus non-periodontitis in studies with Insecure and Secure
diagnoses for PD after meta-regression. Outcomes: (a) HDL; (b) LDL; (c) Triglycerides

that introduced significantly increased risk of bias were excluded. All Descriptive subgroup analysis according to the ethnicity of the
meta-regression analyses were carried out using OpenMeta[Analyst] subjects was detailed in the Appendix S7: Statistical Analysis.
statistical software (Wallace, Schmid, Lau, & Trikalinos, 2009).

To test the influence of each study on the overall effect size, sen-
) < 3 | RESULTS
sitivity analysis was conducted using Leave-One-Out method after
meta-regression; that is removing one study each time and repeatin, i & s

¢ i ¢ o P .g 3.1 | Literature search and study characteristics

the analysis (Patsopoulos, Evangelou, & loannidis, 2008). Other details
regarding Statistical Analysis are shown in Appendix S7: Materials and The electronic search generated 7,960 hits, which represented 957

Methods. unique citations. A total of 375 publications were obtained as full-text
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(c) Triglycerides
Periodontal Disease Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Insecure
Akalin et al. 2008 11865 66.71 17 9053 8933 17 3.6% 28.12 [-24.88, 81.12]
Dhotre et al. 2011 145 2923 100 111 1781 100 86% 34.00(27.29, 40.71) -
Hagh et al. 2014 209.77 443 45 125.6 44.16 45 7.5% 84.17 [65.89, 102.45) ——
Joseph et al. 2011 4197 2333 85 4903 4419 91 83% -7.06[-17.41, 3.29] —t
Leite et al. 2014 10132 4686 28 87.22 3524 27 7.1% 14.10(-7.76, 35.96] S ——
Losche et al. 2000 1756 1155 39 1262 531 40 4.9% 49.40 [9.59, 89.21)
Monteiro et al. 2009 144.48 104.78 40 9925 4124 40 5.4% 4523[10.33, 80.13)
Penumarthy et al. 2013 160 60.9 30 107.07 2489 30 6.8% 52.93[29.39, 76.47]
Pushparani et al. 2014 152.8 55.6 150 1506 5269 150 8.1% 2.20([-10.06, 14.46) e
Sridhar et al. 2009 10057 35.05 30 90.3 327 30 7.6% 10.27 |-6.88, 27.42] e
Taleghani et al. 2010 165.2 83.7 26 1284 711 26 4.6% 36.80([-5.41, 79.01) <
Subtotal (95% CI) 590 596 72.5% 30.39[13.08, 47.70] -
Heterogeneity: Tau® = 680.61; Chi® = 109.36, df = 10 (p< 0.00001); I = 91%
Test for overall effect: Z = 3.44 (p= 0.0006)
Secure
Andrukhov et al. 2013 113.4 70.75 89 96.3 58.05 54 7.1% 17.10[-4.25, 38.45] sf——
Banu et al. 2014 116.95 3063 40 96.75 2387 20 7.9% 20.20 [6.07, 34.33] ey
Duzagac et al. 2015 77.9 334 30 74 257 15 7.6% 3.90[-13.76, 21.56] o
Kumar et al. 2014 175.16 63.06 25 167.72 80.08 25 4.9% 7.44[-3252, 47.40] —
Subtotal (95% CI) 184 114 27.5% 14.13 [4.61, 23.64) >
Heterogeneity: Tau® = 0.00; Chi* = 2.18, df = 3 (p= 0.54), = 0%
Test for overall effect: Z = 2.91 (p= 0.004)
Total (95% CI) 774 710 100.0%  25.26 [12.06, 38.45) <
Heterogeneity. Tau® = 518.05; Chi® = 114.85, df = 14 (p< 0.00001); I = 88% thO —5.0 5 S%O 1004

Test for overall effect: Z = 3.75 (p= 0.0002)
Test for subgroup differences: Chi? = 2.60, df = 1 (p=0.11), ¥ = 61.6%

FIGURE 3 (Continued)

copies, and 355 of these publications were later excluded on the basis
of a priori criteria. In total, 19 publications conducted in eight dif-
ferent countries on four different continents (North America, South
America, Europe and Asia) were included for meta-analysis (Akalin,
Isiksal, Baltacioglu, Renda, & Karabulut, 2008; Andrukhov et al., 2013;
Banu et al., 2015; Cutler, Machen, Jotwani, & lacopino, 1999; Dhotre,
Suryakar, & Bhogade, 2011; Duzagac et al, 2016; Fentoglu etal.,
2015; Golpasand Hagh, Zakavi, Hajizadeh, & Saleki, 2014; Joseph,
Nath, & Joseraj, 2011; Joshipura, Wand, Merchant, & Rimm, 2004;
Kumar, Ranganath, Naik, Banu, & Nichani, 2014; Leite, de AraGjo
Carneiro, & do Carmo Machado Guimaraes, 2014; Liu et al., 2010;
Losche, Karapetow, Pohl, Pohl, & Kocher, 2000; Monteiro et al., 2009;
Penumarthy, Penmetsa, & Mannem, 2013; Pushparani, Anandan,
& Theagarayan, 2014; Sridhar, Byakod, Pudakalkatti, & Patil, 2009;
Taleghani, Shamaei, & Shamaei, 2010). The PRISMA flow chart of the
complete process of study selection was illustrated in Figure 1, includ-
ing the reasons for exclusion after full-text screening of the excluded
papers. More information about literature search, study characteristics
and quality assessment can be found in the Appendix S7: Results.

3.2 | Comparison of blood lipid parameters levels
between participants with and without PD

All the outcomes showed 12 test = p < .10, confirming heteroge-
neity amongst the included trials and leading to the utilization of a
random-effects model analysis (Figures 2a-d and 3a-c). Fixed-effects
model analysis was used only for all parameters after Leave-One-Out
(Figure 4a-d).

Decreased in PD Increased in PD

3.2.1 | Total cholesterol

Seventeen studies involving 1,496 participants provided comparative
data regarding serum levels of total cholesterol. Considering all stud-
ies combined (studies with secure together with insecure diagnosis of
PD) we found that participants with chronic periodontitis presented
significantly higher serum levels of total cholesterol than healthy
participants (Mean Difference, MD =13.41; Z=286; p=.004;
Figure 2a). The heterogeneity in the serum levels of total cholesterol
amongst studies was significant (12 = 103.95; p <.00001; I = 87%).
The four studies with secure PD diagnosis involved 296 participants
and presented increased total cholesterol in the PD group, with-
out significant difference in comparison with healthy participants
(MD = 4.86; Z = 1.04; p = .30). The heterogeneity of serum total cho-
lesterol amongst these studies was relatively lower and insignificant
(x*=5.75; p = .12; I* = 48%).

In Table 2, we show by meta-regression that for total choles-
terol any of the investigated covariates had a significant impact on
the high heterogeneity found amongst the studies included in the
meta-analysis.

Sensitivity analysis was performed to assess the robustness of the
results from the meta-analysis, through the Leave-One-Out analyses
that assessed the key studies that had substantial impact on between-
study heterogeneity. Three studies (Dhotre et al., 2011; Golpasand
Hagh et al., 2014; Penumarthy et al., 2013) were found to contribute
to between-study heterogeneity. The heterogeneity decreased from
87% to 32% (% = 16.13; p = .14) with MD of 2.02 (Z = 1.10; p = .27) in
total cholesterol meta-analysis with 12 studies (Figure 4a).
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(a) Total Cholesterol

Periodontal Disease Control Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Insecure

Akalin et al. 2008 176.47 4168 17 169.12 28.99 17 2.2% 7.35[-16.78, 31.48) e s
Fentoglu et al. 2015 1783 25.36 37 175.96 28.26 37 8.7% 2.34[-9.89, 1457) o
Joseph et al. 2011 163.93 27.61 85 167.73 2881 91 187% -3.80[-12 14, 454) o
Leite et al. 2014 176.21 30.07 28 172.7 30.93 2 SO0% 351[-12.62, 19.64) O
Losche et al. 2000 243 6 37.3 39 2248 391 40 46% 18.80[1.95, 35.65) o——
Monteiro et al. 2009 202,41 4577 40 192.35 27.69 40 4.7% 10.06 [-6.52, 26.64) o e
Pushparani et al. 2014 180.7 4522 150 185 3157 150 16.7% -430(-13.13,6 453) —-r
Taleghani et al. 2010 207.3 42.1 26 1923 346 26 3.0% 15.00[-5.95, 35.95] o (R
Subtotal (95% CI) 422 428 63.4% 141 [-3.11, 5.93) 4

Heterogeneity Chi* = 10.18, df = 7 (p= 0.18); I* = 31%
Test for overall effect: Z = 0.61 (p= 0.54)

Secure
Andrukhov et al. 2013 219 37.74 89 2056 4483 54 6.3% 13.40([-0.90, 27.70) I
Banu et al. 2014 167.5 17.9 40 1711 1685 20 15.2% -3.60(-12.84, 5.64) —1
Cutler et al. 1999 198 214 7 172 38 6 1.1% 26.00[-8.29, 60.29) .
Liuet al 2010 23.74 27.07 40 119.88 15.47 40 13.9% 3.86(-5.80, 13.52) o ;
Subtotal (95% Ch) 176 120 36.6% 3.08 [-2.88, 9.04)
Heterogeneity. Chi? = 5.75, df = 3 (p= 0.12); I’ = 48%
Test for overall effect: Z = 101 (p=0.31)
Total (95% CI) 598 548 100.0% 2.02 [-1.58, 5.62]

Heterogeneity Chi® = 16.13, df = 11 (p= 0.14); F = 32%
Test for overall effect: Z = 1.10 (p= 0.27)
Test for subgroup differences: Chi* = 0,19, df = 1 (p= 0.66), I’ = 0%

-100 -50 0 50 100
Decreased in PD Increased in PD

(b) HDL
Periodontal Disease Control Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI

Insecure
Dhotre et al. 2011 40 728 100 46 7.82 100 436% -6.00 [-8.09, -3.91) -
Fentoglu et al 2015 4334 967 37 4399 899 37 106% -0.65 [-4.90, 3.60] —r—
Hagh et al. 2014 55.24 14.05 45 5375 17.87 45 43% 1.49(-5.15, 8.13) ———
Leite et al. 2014 42 82 12.6 28 4756 12.28 27 4 4% -4.74 [-11.32, 1.84] Semmmi—)
Losche et al. 2000 52.2 11.7 39 558 178 40 4.49% -3.60[-10.23, 3.03] S
Monteiro et al. 2009 4748 797 40 5362 1068 40 112% -6.14[-10.27, -2.01) i
Sridhar et al. 2009 39.2 7.19 30 4107 952 30 10.5% -1.87 [-6.14, 2.40] T
Taleghani et al. 2010 488 12.6 26 488 126 26 4.1% 0.00 [-6.85, 6.85] e —
Subtotal (95% CI) 345 345  93.0% -4.16 [-5.59, -2.73] £
Heterogeneity Chi® = 1182, df = 7 (p=0.11), I’ = 41%
Test for overall effect: Z = 5.69 (p< 0.00001)

Secure
Duzagac et al. 2015 519 10.7 30 545 89 15 5.5% -2.60[-851, 3.31) S———
Liu et al. 2010 42.54 27.07 40 54.14 232 40 1.6% -1160[-22.65, -0.55] ——
Subtotal (95% CI) 70 55 7.0% -4.60 [-9.82, 0.61] i
Heterogeneity: Chi® = 1.98, df = 1 (p= 0.16); ? = 50%
Test for overall effect: Z = 1.73 (p= 0.08)
Total (95% CI) 415 400 100.0% -4.19 [-5.57, -2.81] 3
Heterogeneity: Chi® = 13.83, df = 9(p=0.13); I’ = 35%

; t t +
-20 -1o 0 10 20

Test for overall effect: Z = 5.94 (p< 0.00001) Decreased in PD Increased in PD

Test for subgroup differences: Chi* = 0.03, df = 1 (p= 087), P = 0%

FIGURE 4 Forest plot of mean difference (MD) for comparison: periodontitis versus non-periodontitis in studies with Insecure and Secure
diagnoses for PD after Leave-One-Out analysis. Outcomes: (a) Total Cholesterol; (b) HDL; (c) LDL; (d) Triglycerides

confirmed by the analysis with the six studies with secure PD diag-

3.22 | HDL ) ) ) ;
nosis (MD = -3.56; Z = 3.41; p =.0007), in which the heterogeneity

Eighteen studies involving 1,651 participants showed, considering all stud- amongst these studies was statistically insignificant (12 =4.28;p =.51;

ies combined, significantly lower HDL serum levels in patients with chronic 12 = 0%).

periodontitis than in healthy subjects (MD = -4.60; Z = 3.47; p = .0005; Meta-regression analysis was performed to assess the associa-

Figure 2b). The heterogeneity amongst studies that investigated HDL tion of different covariates with HDL. In these analyses, age ratio

serum levels was significant (12 = 124.82; p < .00001; I* = 86%). (centred on PD Group: Control group ratio) (§ = -23.904; SE = 6.592;

Reduced levels of HDL in periodontal disease participants p <.001), per cent of males in study (p=-0.222; SE =0.077;
when compared with the levels in periodontally healthy ones were p =.004) and BMI-matched studies ( = 4.577; SE = 2.208; p = .038)
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Periodontal Disease Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Insecure
Fentoglu et al. 2015 11133 2391 37 107.03 31.13 37 96% 430[-835, 16.95) ———
Hagh et al. 2014 116.97 37.41 45 115.68 4153 45 5.8% 129[-15.04, 17.62] r—
Joseph et al. 2011 104.04 26.25 85 10566 27.14 91 248% -162(-951,66.27) —
Joshipura et al. 2004 161 39 91 147 36 377 19.9% 14.00(5.20, 22.80] i——p
Leite et al, 2014 112.94 27.09 28 107.17 2459 27 83% S5.77[-7.89, 19.43] o
Losche et al. 2000 187.3 37.3 39 1655 359 40 59% 21.80][5.65, 37.95] o —
Monteiro et al. 2009 13132 4087 40 12026 2281 40 7.3% 11.06 [-3 .44, 25.56) -
Taleghani et al. 2010 122.7 351 26 1164 29 26 S.0% 630([-11.20, 23.80] —
Subtotal (95% CI) 391 683 B86.6% 6.66 [2.44, 10.88] <
Heterogeneity Chi* = 11.20, df = 7 (p= 0.13); I’ = 38%
Test for overall effect: Z = 3.09 (p= 0.002)
Secure

Duzagac et al. 2015 108.04 4731 30 104.81 34.06 15 2.6% 3.23([-20.93, 27.39]
Liuetal 2010 73.47 3094 40 7347 232 40 10.7% 0.00[-11.98, 11.98] Sr—e—
Subtotal (95% CI) 70 55 13.4% 0.64(-10.10,11.37) ‘
Heterogeneity: Chi® = 0.06, df = 1 (p= 0.81); ? = 0%
Test for overall effect: Z = 0.12 (p= 0.91)
Total (95% CI) 461 738 100.0% 5.85 [1.93, 9.78] e

2 & 2 - N 4 S il
Heterogeneity. Chi* = 12.30, df = 9 (p= 0.20);, I* = 27% 3o -1o & 10 3o

Test for overall effect: Z = 2.92 (p= 0.003)
Test for subgroup differences: Chi® = 1.05, df = 1 (p= 0.31), P = 4 4%

(d) Triglycerides

Decreased in PD Increased in PD

Periodontal Disease Control Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Insecure
Akalin et al. 2008 11865 66.71 17 9053 8933 17 1 4% 28,12 [-24.88, 81.12]
Leite et al. 2014 10132 46.86 28 87.22 35.24 27 8.2% 14.10(-7.76, 35.96) S e
Losche et al. 2000 1756 1155 39 1262 531 40 2.5% 49.40 [9.59, 89.21)
Monteiro et al. 2009 144.48 104.78 40 9925 4124 40 3.2% 45.23[10.33, 80.13])
Pushparani et al. 2014 152.8 55.6 150 1506 5269 150 260% 2.20([-10.06, 14.46) —
Sridhar et al. 2009 10057 35.05 30 90.3 327 30 133% 10.27(-6.88, 27.42) g - ==
Taleghani et al. 2010 165.2 83.7 26 1284 711 26 2.2% 36.80(-5.41, 79.01) e
Subtotal (95% CI) 330 330 56.8% 12.26 [3.96, 20.56) &>
Heterogeneity: Chi* = 11.08, df = 6 (p= 0.09); I’ = 46%
Test for overall effect: Z = 2.90 (p= 0.004)
Secure

Andrukhov et al. 2013 1134 7075 89 96.3 5805 54 86% 17.10[-4.25, 38.45) e —
Banu et al. 2014 116,95 3063 40 96.75 23.87 20 19.6% 20.20[6.07, 34.33) s
Duzagac et al. 2015 77.9 33.4 30 74 257 15 12.5% 3.90[-13.76, 21.56] T
Kumar et al. 2014 175.16 63.06 25 167.72 B80.08 25 2.5% 7.44(-32.52, 47.40] &
Subtotal (95% CI) 184 114 43.2% 14.13 [4.61, 23.64) ’
Heterogeneity: Chi’ = 2 18, df = 3 (p= 0.54); I = 0%
Test for overall effect: Z = 2. 91 (p= 0.004)
Total (95% CI) 514 444 100.0% 13.07 [6.81, 19.32) &
Heterogeneity. Chi' = 13.24, df = 10 (p= 0.21); P = 25% :-100 = 5 550 1001

Test for overall effect: Z = 4.09 (p< 0.0001)
Test for subgroup differences. Chi¥ = 0.08, df = 1(p=0.77), ¥ = 0%

FIGURE 4 (Continued)

demonstrated significant correlation with HDL in the univariate
meta-regression. However, only age ratio (j = -19.635; SE = 7.067;
p = .005) was identified as potential source of heterogeneity in the
multivariate meta-regression (Table 2). These results seemed to in-
dicate that in the PD group, the presence of older patients (in com-
parison with the control group), the high percentage of men and the
inclusion of studies without matching for BMI, influenced the reduc-
tion of HDL levels.

To reduce the effect of bias in the analysis, studies without 1.1-0.9
PD Group: Control group Age Ratio were excluded (once age was the

Decreased in PD Increased in PD

only variable confirmed to significantly introduce bias by multivariate
meta-regression). Then, a new meta-analysis was conducted. Seven
studies with influence on the overall effect size were excluded. Low
levels of HDL in periodontal disease participants were confirmed again
by the analysis with the eleven studies (MD = -2.76; Z = 2.33; p = .02;
Figure 3a). However, the heterogeneity amongst these studies was
significant (3 = 29.10; p = .001; I = 66%).

In sensitivity analysis, through the Leave-One-Out analyses, one
study (Joseph et al., 2011) was found to contribute to between-study
heterogeneity. The heterogeneity decreased from 66% (Figure 3a) to
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35% (Figure 4b, y° = 13.83; p =.13) with MD of -4.19 (Z = 5.94 and
p < .00001).

323 | LDL

LDL serum levels were reported in 18 studies involving 1,939 par-
ticipants, and combining all studies, significantly higher LDL levels
were found in participants with chronic periodontitis than in healthy
ones (MD = 11.04; Z = 3.10; p =.002; Figure 2c). The heterogeneity
amongst studies that investigated LDL serum levels was significant
(% = 112.89; p < .00001; % = 85%).

In the six studies with secure PD diagnosis, we observed in the
forest plot that LDL was increased in the periodontal disease group,
but without significant difference (MD=5.08; Z=1.63; p=.10).
The heterogeneity amongst the studies was statistically insignificant
(4 = 6.66; p = .25; I* = 25%).

Univariate meta-regression analysis was performed to assess cor-
relation of different variables with LDL. In these analyses, age ratio
(centred on PD Group: Control group ratio; } = 43.553; SE = 19.698;
p =.027) and per cent of males in study (p=0.252; SE =0.148;
p =.088) were found significant (Table 2). However, only age ratio
(B = 40.036; SE = 19.257; p = .038) was identified as potential source
of heterogeneity in the multivariate meta-regression (Table 2).

To reduce the effect of bias in the analysis, studies not in the
range of 1.1-0.9 PD Group:Control group age ratio were excluded.
Then, a new meta-analysis was conducted, and seven studies show-
ing influence on the overall effect size were excluded. High levels of
LDL in periodontal disease subjects were not confirmed again by the
analysis with the 11 remaining studies (MD = 9.40; Z = 1.91; p = .06;
Figure 3b). However, the heterogeneity amongst these studies was
significant (x? = 79.46; p < .00001; I = 87%).

In the Leave-One-Out analyses, one study (Dhotre et al., 2011) was
found to contribute to between-study heterogeneity. The heteroge-
neity decreased from 87% to 27% (Figure 4c, 12 =12.30; p = .20) with
MD of 5.85 (Z = 2.92; p = .003) demonstrating that there was a signif-
icant association between high levels of LDL and the presence of PD.

3.2.4 | Triglycerides

Serum levels of triglycerides were reported in 18 studies involving
1,651 participants. Patients with chronic periodontitis were found
to have significantly higher serum levels of triglycerides than healthy
patients (MD =21.94; Z = 3.56; p =.0004; Figure 2d) in all stud-
ies combined. The heterogeneity among the studies was significant
(x* = 143.34; p < .00001; I* = 88%).

The analysis of the six studies with secure PD diagnosis showed
higher, although insignificant, serum triglycerides in diseased partici-
pants (MD = 10.47; Z = 1.90; p = .06).

Univariate meta-regression analysis was performed to assess cor-
relation of different covariates with triglycerides. In these analyses,
only blood test (fasting or non-fasting) demonstrated significant cor-
relation with triglycerides (p = 29.031; SE = 12.611; p = .021) (Table 2).
These results seemed to indicate that studies, which assessed
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triglycerides levels by non-fasting blood, could have results influenced
by this covariate.

To reduce the effect of bias in the analysis, the three studies
with non-fasting blood test were excluded. Considering 15 studies
with fasting blood test, high levels of triglycerides in subjects pre-
senting with PD were confirmed (MD = 25.26; Z = 3.75; p = .0002;
Figure 3c). However, the heterogeneity amongst these remained high
(* = 114.85; p < .00001; I* = 88%). Retracing the meta-analysis, none
of the tested covariates had a significant impact on the high hetero-
geneity, meaning that another factor produced residual heterogeneity.

According to the results of sensitivity analysis after meta-
regression, four studies (Dhotre et al., 2011; Golpasand Hagh et al.,
2014; Joseph et al., 2011; Penumarthy et al., 2013) were found to con-
tribute to between-study heterogeneity. The heterogeneity decreased
from 88% to 25% (4 = 13.34; p = .21) with MD of 13.07 (Z = 4.09;
p < .0001) in triglycerides meta-analysis with 11 studies after exclud-
ing those four (Figure 4d). It was confirmed that there was a significant
association of the higher levels of triglycerides in patients with PD.

Descriptive subgroup analyses according to the ethnicity of the
subjects were detailed in the Appendices 5, 6 and S7: Results.

4 | DISCUSSION

In this systematic review, we summarized the current literature on
the association between periodontal disease and serum lipid levels. A
number of biologically plausible mechanisms have been suggested by
the literature for results found in relationship to the four lipid param-
eters analysed. These mechanisms were detailed in the Appendix S7:
Discussion. The main hypothesis of this meta-analysis study was par-
tially accepted because after the meta-regressions and Leave-One-
Out analysis LDL and triglycerides proved to be significantly higher
(Figure 4c,d) and HDL significantly lower (Figure 4b) in patients with
PD. This systematic review and meta-analysis provided evidence that
PD may be associated with an imbalance in serum lipid parameter lev-
els, and, consequently, with dyslipidaemia.

Naturally, the quality of a meta-analysis depends on the quality
of the included studies, particularly on the study design and the risk
of bias. In the present study, the total number of patients included
was relatively small (n = 2,104). This could be a limitation of the study;
however due to the stringent method applied in our analysis, the re-
sults represent solely the effect of periodontal disease on lipid param-
eters, excluding confounders such as diabetes and smoking, which
could interfere with the analysis. Therefore, due to the stringent in-
clusion/exclusion criteria adopted no large epidemiologic studies nor
separate analysis for male and female subjects could be included. The
rather restrictive exclusion criteria for the PICO question included
major covariates and traditional confounders (e.g., diabetes) to enable
a more focused measure of the effects of periodontal disease on blood
lipid values, albeit simultaneously limiting the generalizability of these
findings.

Between-study heterogeneity is common in meta-analyses (Munafo
& Flint, 2004), and exploring its sources is essential. In this present
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meta-analysis study, comparison among all the included studies showed
asignificant heterogeneity, being a limitation of the study. This heteroge-
neity could be mainly associated with the non-standard criteria for peri-
odontal disease definition (Table 1; Savage, Eaton, Moles, & Needleman,
2009). Heterogeneity in periodontal diagnostic criteria emerged clearly
from this review. In particular, a whole variety of diagnoses were used to
define “periodontitis.” Some authors used well-defined criteria, including
those suggested by Page and Eke (Page & Eke, 2007) or Russell (Russell,
1956). However, certain studies used self-defined criteria based on
thresholds of clinical data (e.g., average PPD, percentage of sites with
a certain CAL threshold) or even self-reported information. This further
testifies for the difficulties in having a universally accepted clinical case
definition for periodontitis (Nibali et al., 2013).

Based on that possibility and trying to minimize this heterogene-
ity, studies with more secure diagnosis of periodontitis were analysed
as a subgroup in an attempt to obtain a more homogeneous sample
(Figure 2a-d). Multivariable meta-regression with several variables
was performed due to the lack of homogeneous adjustments in the
analyses and to explore the potentially important covariates, which
might play a role in this significant between-study heterogeneity. Age
(PD Group: Control group ratio) and Gender (% male) were two import-
ant factors that contributed to heterogeneity in meta-analysis of HDL
and LDL outcomes. In some studies, patients with periodontal disease
were older than control patients. In addition, some studies showed
higher percentage of men than women. This heterogeneity occurred
because male gender and increasing age are factors associated with
worsening of lipid profiles, and increased risk of cardiovascular dis-
eases (Anagnostis, Stevenson, Crook, Johnston, & Godsland, 2015;
Goh, Tong, Mok, & Said, 2007; Romero-Moraleda et al., 2015). Blood
test (fasting or non-fasting) covariate had significant impact on the
between-study heterogeneity in triglycerides outcome. Postprandial
levels of triglycerides remain elevated for several hours, when com-
pared to fasting results, which may explain this heterogeneity (Campos,
Khoo, & Sacks, 2005; Nigam, 2011). It is important to remember that
a new meta-analysis was performed excluding the studies that, ac-
cording to the meta-regression and the presence of covariates, were
causing high heterogeneity. These new results after the Leave-One-
Out analysis were no longer heterogeneous and the results maintained
statistical significance, confirming the worsening of the lipid profile in
patients with periodontal disease.

This study has strengths and limitations. Although we were able
to perform a homogeneous meta-analysis after meta-regression and
Leave-One-Out analysis, the major limitation of our meta-analysis
is that most studies did not provide enough clinical information.
Consequently, we could not perform a meta-regression to explore the
source of heterogeneity for some variables. Moreover, it is interesting
to note that the different covariates applied to measure the effect of
BMI in meta-regression (BMI-matched studies) influenced HDL levels.
Further studies could investigate detailed data related with body mass
index (BMI) and other factors such as exercise, diet, socio-economic
factors, alcohol use and other related lifestyle behaviours that may
affect lipid levels and periodontal disease, leading to potential for re-
sidual confounding. Finally, studies set different restrictions or missed

information regarding, for example, the number of remaining teeth,
previous periodontal treatment or the use of antibiotics. Limitations
should be acknowledged when interpreting these results.

Regardless of these limitations, it is worth emphasizing some
strengths of this study, where we invested a great deal of effort in
limiting possible source of bias. First, important modifying factors for
periodontal disease, as smoking and diabetes, were excluded. Second,
the meta-analysis was performed separating studies with secure and
insecure diagnosis for PD. Third, multiple meta-analytic techniques
(meta-regression and Leave-One-Out analysis) were applied taking
into consideration many covariates. Fourth, statistical tests were per-
formed for detecting publication bias.

It can be concluded that, despite the limitations of this study, after
the meta-regression and Leave-One-Out analyses, a homogeneous
meta-analysis indicated that PD was significantly associated with a
reduction of HDL and elevation of LDL and triglycerides concentra-
tion. Therefore, periodontal disease may have an association with lipid
metabolic control. Perhaps, in part, periodontal inflammation may neg-
atively affect serum lipid control, contributing to a higher risk for CVD,
and the lipid dysregulation increases the susceptibility to periodontitis,
through the increase in systemic inflammation. This suggests a two-
way relationship between dyslipidaemia and PD. Even though plausi-
ble biological mechanisms exist supporting this possible relationship
between periodontal disease and dyslipidaemia, the cause and the
effect may be hard to establish based on cross-sectional studies.
Therefore, further large-scale longitudinal studies enroling ethnically
diverse populations with secure and stringent diagnosis for periodon-
titis and lipid levels need to be conducted to corroborate our findings
and to increase our knowledge about the relationship between peri-
odontal disease and lipid profiles.
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SUPPLEEMENTAL MATERIAL

Serum lipid levels in patients with periodontal disease. A meta-analysis and meta-

regression

INTRODUCTION

It was suggested that dyslipidemia and PD are involved in a two-way relationship, in
which dyslipidemia increases the risk of PD, and periodontal inflammation negatively affects
serum lipid control (Awartani and Atassi, 2010). The biological rationale for this association
that PD, as a chronic infectious disease, produces high levels of pro-inflammatory cytokines;
which in turn, lead to alteration of the serum lipid parameters, thereby promoting
hyperlipidemia (Heasman et al., 1993, Page, 1991). High levels of pro-inflammatory cytokines
occur as a consequence of infection by periodontal microorganisms whose surface components
(often described as endotoxins), particularly lipopolysaccharides (LPS), elicit an immune
system reaction (Cutler et al., 1999b, Lakio et al., 2006). For the other way, when serum lipid
levels are elevated toward the upper limit of the normal physiologic range, it alters the immune
cell function. Lipids may alter macrophage gene expression for essential polypeptide growth
factors and therefore increase the production of pro-inflammatory cytokines such as tumor
necrosis factor-alpha (TNF-alpha) and interleukin 1 beta (IL-1B) (Cutler et al., 1999b, Iacopino,
1995). The release of pro-inflammatory cytokines and interleukin is believed to compromise
tissue response and affect wound healing, thereby increasing the susceptibility to periodontitis

(Stashenko et al., 1991).

MATERIALS AND METHODS

Quality Assessment
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Risk of bias was assessed separately for each study. The assessment was performed by
two investigators (RN, SCP) independently, and the inter-examiner agreement was analyzed.
Any discrepancy between the two examiners in quality assessment was resolved via discussion.
For cross-sectional (case-control and cohort) and longitudinal studies, the Newcastle-Ottawa
Scale (NOS) was used to assess study quality. NOSs were developed to assess the quality of
studies being easy and convenient for systematic reviews/meta-analyses. Briefly, it consists of
nine items, categorized in three main groups: (i) selection of the study groups, (ii)
comparability of the groups and (iii) the determination of the exposure of interest (Wells et al.,
2013). A study can be awarded a minimum of zero and maximum of nine point score.

Agreement rate between investigators was 83.3%.

Data Extraction

The initial search for assessment of titles and abstracts was carefully independently
performed by two investigators (RN and SCP), and checked for agreement. Then, the full texts
of the articles judged by title and abstract to be relevant were read independently and assessed
in relation to the selection criteria for inclusion and exclusion. The agreement rate between
investigators was 92.1%. Disagreements were adjudicated by a third investigator (RMSC), after
referring back to the original articles.

The following parameters were extracted from each selected study using a standardized
form: name of first author and year of publication, country, total sample sizes, percent male,
male ratio (centred on 1:1 — PD Group : Control group ratio), mean age of participants, age ratio
(centred on 1:1 — PD Group : Control group ratio), diagnostic criteria for periodontal disease,
blood collection (serum or plasma) and blood test (fasting or non-fasting) and studies matched
for BMI between groups (yes or no). Moreover, serum lipid parameter levels (HDL, LDL,

triglycerides and total cholesterol) were extracted from periodontally healthy and diseased
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groups in each study for statistical analyses (sample size, mean and standard deviation from
each group).

In the case of more than one article by the same author utilizing the same sample and
showing the same results for the levels of lipid profile, only one of those articles was selected.
In the case of two or more groups of patients with chronic periodontitis based on both the extent
and severity of the disease, only the data collected from the more severe group were included

in the analysis to minimize any heterogeneity between included studies.

Statistical Analysis

Among the studies, we found two different units of measure used to quantify serum lipid
parameter levels: mg/dL or mmol/L (the same as mM). To standardize units, here we converted
the lipid parameter levels of all studies to mg/dL. To convert TC, HDL and LDL data from SI
units (mmol/L) to mg/dL we multiplied the SI value by 38.67. In addition, to convert TG from
ST units (mmol/L) to mg/dL we multiplied by 88.57 (Rugge et al., 2011).

In case of standard errors (SE) were used in an eligible study, to be considered in the
present meta-analysis they were converted to standard deviations (SD) depending on both the
standard errors and the sample size (N), using a simple relation SD = SE x VN (Altman and
Bland, 2005).

Forest plots for each meta-analysis present the raw data (i.e. means, SDs and sample
sizes), point estimates (displayed as blocks) and CIs (displayed as lines) for the chosen effect,
as well as heterogeneity statistics (Chi® and 12), total number of participants per group, overall
average effect (MD and Z-statistics) and percent weight given to each study.

Chi-square (Chi?) and inconsistency index (I?) tests were used to assess the
heterogeneity of the studies included in this meta-analysis. The heterogeneity of the trials was

significantly indicated by p<0.1, instead of p<0.05, since that test had low power. Fixed-effects
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model (Mantel-Haenszel method) analysis was used when no evidence of heterogeneity was
detected in outcomes; otherwise, a random-effects model (DerSimonian-Laird method) was
applied.

Publication bias was tested using a funnel plot test confirmed by Begg’s rank correlation
and Egger’s regression method. Begg’s method is a correlation test between the effect estimate
and standard error (Begg and Mazumdar, 1994). The Egger test uses linear regression logistics,
based on the standard deviation and the accuracy of studies (Egger et al., 1997). Two-tailed p
< 0.10 was used as an indication of the presence of potential publication bias for both tests. If
publication bias was indicated (by Begg’s or Egger’s tests) in meta-analysis after leave-one-
out, Duval and Tweedie’s trim-and-fill method was used for adjusting mean difference (Duval
and Tweedie, 2000). All publication bias analyses were carried out using Comprehensive Meta-
Analysis version 3.3.070 (2014) statistical software.

In order to evaluate whether the ethnicity of patients could be a potential variable
causing heterogeneity among the studies included in the meta-analysis, we conducted additional
meta-analyses subgrouping the studies according to the continent where the research was
developed, in other words, the continent in which the investigated subjects from that ethnicity

reside.

RESULTS

Literature search and study characteristics

Table 1 reports the main characteristics of all the studies selected for this meta-analysis.
The subject samples ranged from 13 patients (Cutler et al., 1999a) to 468 (Joshipura et al., 2004)
(median number of subjects: 74; interquartile range: 53.5 to 116.5). The percentage of male in
the studies ranged from 23.08%(Cutler et al., 1999a) to 100% (Joshipura et al., 2004). The mean

age of participants ranged from 33.73 (Joseph et al., 2011) to 57.58 (Joshipura et al., 2004). The
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age ratio (centered on 1:1 — PD Group : Control group ratio) was higher in PD group in 13
studies, lower in 4 studies and not informed in other 2 studies. 12 studies evaluated the lipid
profile in blood serum and seven in plasma. Most studies (15 studies) conducted the blood
collection fasting. Only two studies reported the lipid parameter levels separately for women
and men(Andrukhov et al., 2013, Monteiro et al., 2009). 16 papers were case-control studies, 1
cohort and 2 longitudinal studies.

Significant variation in the criteria for chronic periodontitis diagnosis was observed
among the studies. Only 6 studies were evaluated as secure PD diagnosis criteria (Andrukhov
et al., 2013, Banu et al., 2015, Cutler et al., 1999a, Duzagac et al., 2015, Kumar et al., 2014,
Liu et al., 2010). Two studies assessed only probing pocket depth (PPD) and one assessed only
clinical attachment level (CAL). Six studies utilized both PPD and CAL and two, in addition to
clinical criteria (PPD and CAL) evaluated bone loss by radiography. One study did not report
the criteria used (Leite et al., 2014) and one study the criterion was through anamnesis

(Joshipura et al., 2004).

Quality assessment

The summary result of quality assessment for each study was described in Table 1.
Study quality as assessed by the Newcastle Ottawa scale varied considerably across the studies
(minimum=0 and maximum=9). The mean NOS score was 6 (range: 1-8). The main lack issues
were: adequate periodontal diagnosis, definition of controls, and adjustment for potential

confounders.

Publication Bias
Visual inspection of the funnel plot for all investigated outcomes suggested the presence

of a publication bias (Appendix 1, 2 and 3). However, Begg’s method of rank correlation and
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Egger’s regression method revealed that the differences between the original estimate and the
adjusted effect for those outcomes were non-significant. An exception was found for Begg’s
and Egger’s tests in the total cholesterol analysis before and after meta-regression and leave-
one-out analysis (Appendix 4). In Duval and Tweedie’s trim-and-fill method, using the random-
effects model, six potentially missing studies was imputed, leading to a corrected effect size
that was insignificant (MD = -1.34; 95 % CI: -4.59 — 1.92) (Table 3). Other exception was found
for Begg’s and Egger’s tests in the triglycerides just after meta-regression and leave-one-out
analysis (P = 0.06 and P=0.01, respectively) (Appendix 4). In trim-and-fill method, four
potentially missing studies were imputed, leading to a corrected effect size. Serum levels of
triglycerides in chronic periodontitis than healthy patients kept significantly higher likewise
meta-analysis after meta-regression and leave-one-out analysis (MD = 9.86; 95 % CI: 3.84 -

15.87) (Table 3).

Subgroup analysis and meta-regression according to the ethnicity of patients

We carried out subgroup analyses according to the ethnicity of patients and we
presented the results according the continent where the research was developed (North/South
America, Europe and Asia - Appendix 5-6). Total Cholesterol was significantly higher in
periodontal diseased patients than in healthy ones in Europe and Asia subgroups, even though
the high heterogeneity amongst the studies in Asia subgroup (Appendix 5A). Regarding HDL,
this lipid level was significantly lower in periodontal diseased patients than in healthy ones in
South America and Asia subgroups (Appendix 5B), while LDL patients from North America
and Europe this result were significantly higher in PD patients and without significant
heterogeneity (Appendix 5C). Triglycerides were significantly higher only in Asia subgroup,
but with high heterogeneity amongst the studies (Appendix 5D). The heterogeneity was higher

in some analyses, mainly in the Asians analyses. Interestingly, meta-regression made according
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to the continent that resides the subjects did not confirm that ethnicity might be a main source
of heterogeneity for any outcome (total cholesterol, HDL, LDL and triglycerides) (Appendix

6).

DISCUSSION

Abnormal serum lipids is a common medical condition associated with high risk of
developing cardiovascular disease and, consequently, with unquestionable public health impact
(Ross, 1999). PD is a chronic infection that produces local and systemic inflammatory
responses (Kuo et al., 2008). The high incidence of PD in the population has generated growing
interest from researchers regarding its effects on systemic health and possible associations
between PD and systemic diseases. Therefore, periodontitis may have direct quality-of-life
relevance (Nibali et al., 2013).

The wide age range (28 to 65 years old) of patients enrolled in the six studies with secure
PD diagnosis included in the meta-analysis can be pointed to as the possible reason for the
insignificant association of high levels of total cholesterol with PD observed by that separated
analysis (Figure 2A). Total cholesterol usually increases with age and normally less alteration
in the levels occurs in patients who are less than 60 years old (Kannel, 2002). Therefore, the
ratio between total cholesterol and HDL (atherogenic index of plasma) is considered a better
and easier index for measuring the risk of developing cardiovascular disease than the total
cholesterol level in those patients (Kinosian et al., 1994, Genest et al., 2003). Moreover,
periodontal disease was also related to changes in the ratio of total cholesterol to HDL (Pradnya
Shree and Abdul Kayyum, 2014).

HDL can resist atherosclerosis and is the protective factor for CVD because it
participates in reverse cholesterol transport and eliminates the lipid component of atheromatous

plaques (Toth, 2005). Our present study showed significantly lower serum levels of HDL in
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periodontitis participants (Figures 2B, 3A and 4B). This significant result is important, since it
suggests that periodontal disease might influence blood lipid concentrations and thereby the
risk of cardiovascular disease (Buhlin et al., 2003). One biological explanation for the
relationship between periodontitis and low HDL levels might be that chronic inflammation in
the periodontal tissue leads to the release of pro-inflammatory cytokines, such as IL-1B and
TNF-0, which affect other inflammatory systemic mediators (Iacopino and Cutler, 2000). These
mediators have the capacity to influence lipid metabolism, promoting the reduction of serum
HDL levels (Iacopino and Cutler, 2000). Furthermore, gram-negative bacteria and free LPS in
the plasma from PD patients induce the release of inflammatory mediators. In addition, plasma
lipoproteins, such as HDL, interact with LPS and prevent LPS-mediated cellular activation,
resulting in a reduction of free HDL levels in the serum (Monteiro et al., 2009). This effect is
particularly interesting because it also explains why the patients with chronic periodontitis had
significantly lower levels of HDL than the healthy group.

High levels of free fatty acids such as LDL and triglycerides were previously associated
with the action of the pro-inflammatory cytokines TNF and IL-1 induced by
microorganisms/endotoxins (Fentoglu and Bozkurt, 2008, Griffiths and Barbour, 2010). In the
present study, association was observed between the high levels of LDL and PD in total patients
before and after leave-one-out analysis (Figure 2C and 4C).

In the present meta-analysis, elevated triglycerides level was also associated with
periodontitis, including secure diagnosis subgroup after meta-regression and leave-one-out
analysis (Figures 2D, 3C and 4D). The periodontal tissue has been described as a potential
reservoir of endotoxins and cytokines (Cutler et al., 1999a). The administration of low dosages
of endotoxin in rodents rapidly induces changes in lipid metabolism resulting in
hypertriglyceridemia (Feingold et al., 1992). Infection with Gram-negative periodontal

pathogens could trigger the release of IL-1B and TNF-a into the circulation, inhibiting the
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lipoprotein lipase (LPL) activity. LPL is a key enzyme in triglycerides catabolism and the
formation of adipose tissue, resulting in chronic hypertriglyceridemia (Cutler et al., 1999b,
Assmann et al., 1991, Cutler et al., 1999a). Although the systemic exposure to LPS in animal
models is likely much greater than in human periodontitis, this mechanism may help to explain
our present findings of significantly higher levels of triglycerides in PD patients.

There are many studies that investigate race-ethnic differences in the relationship
between lipid profile components (Willey et al., 2011, Sliwa et al., 2012, Zhang et al., 2010,
Davis et al., 2001). Overall, there are important differences in lipid profile according to
ethnicity. The causes of ethnic differences are complex. Possible contributors include genetic,
environmental, psychosocial, cultural, and unmeasured factors, and many are not well clarified
(Zaninotto et al., 2007). Our subgroup meta-analysis according to the ethnicity of patients
showed small variations between continents, but no statistically significant differences were
found even after meta-regression (Appendix 6), meaning that the ethnicity did not influence the
outcomes. However, some meta-analyses even after meta-regressions remained highly
heterogeneous. This might be occurred due to the presence of co-factors (such as age and
gender) that could influence the results (Table 2). Subgroup meta-analysis according to gender
was not possible to execute because only two study separating women from men was found
according to the adopted inclusion/exclusion criteria (Monteiro et al., 2009, Andrukhov et al.,

2013).
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Appendix 1. Funnel Plot for comparison: periodontitis vs. non-periodontitis in studies with Insecure and Secure diagnoses for PD
before meta-regression. Qutcomes: (A) Total Cholesterol; (B) HDL; (C) LDL: (D) Triglycerides.
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Appendix 2. Funnel Plot for comparison: periodontitis vs. non-periodontitis in studies with Insecure and Secure diagnoses for PD
after meta-regression. Outcomes: (A) HDL: (B) LDL: (C) Triglycerides.
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Appendix 3. Funnel Plot for comparison: periodontitis vs. non-periodontitis in studies with Insecure and Secure diagnoses for PD
after leave-one-out analysis. Outcomes: (A) Total Cholesterol: (B) HDL: (C) LDL; (D) Triglycerides.
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Joseph et al 2011 104.04 26.25 B85 105.66 27 14 91 6.7% -162[-9.51, 6.27] —
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Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI

North America
Cutler et al. 1999 144 82.7 7 785 363 6 2.2% £550([-2.30, 133.30] _—
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Test for overall effect: Z = 1.74 (P = 0.08)

Europe
Andrukhov et al. 2013 113.4 70.75 89 96.3 58.05 54 6.0% 17,10 [-4.25, 38.45] ——
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Pushparan| et al. 2014 152.8 55.6 150 150.6 5269 150 6.9% 2.20[-10.06, 14.46) -t
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Appendix 5. Forest plot of Mean Difference (MD) for comparison: periodontitis vs. non-periodontitis in studies according to the
continent where the research was conducted. Outcomes: (A) Total Cholesterol; (B) HDL: (C) LDL: (D) Triglycerides.
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ABSTRACT

Aim: Since chronic periodontitis (CP) is associated with higher LDL plasma levels, and
polymorphisms in the Apolipoprotein B (APOB) and Low-Density Lipoprotein Receptor
(LDLR) genes may increase plasma LDL concentrations, the present study aimed to assess
whether polymorphisms in those genes (rs5925, rs688, rs676210, rs693) contribute to the

susceptibility for periodontal disease.

Materials and Methods: Genomic DNA was obtained from No/mild CP group (n=356)
and moderate/severe CP group (n=358). Genotyping of polymorphisms was performed using
real-time polymerase chain reaction by OpenArray® platform. Multinomial logistic regression
was used to determine the degree of association between polymorphisms and periodontal status
adjusted for known confounders. Multiplicative and additive interactions between the evaluated
single nucleotide polymorphisms (SNPs) under study and smoking were developed with regard
to the risk of CP. The linkage disequilibrium was calculated for the multi-locus polymorphisms
studied and the associations between the haplotypes and CP were tested by calculating the

multiple logistic regression.

Results: No significant association was verified between the clinical periodontal parameters
and genotype frequencies of any of the evaluated SNPs. In the multivariate model, there were
no significant differences in the genotype frequencies for all SNPs between the control and CP
groups. The multiplicative and additive interactions between each SNPs and smoking were not
statistically significant. Moreover, none of the haplotypes in APOB and LDLR genes were

significantly related to the risk of periodontal disease.
Conclusions: None of the individual SNPs in the LDLR and APOB genes, or their haplotypes,

was found to be statistically significantly associated with CP in the investigated Brazilian

population.
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1. Introduction

In recent years, the chronic periodontitis (CP) has been receiving increased attention,
since it not only impairs the general state of oral health, but also appears to have a relationship
with a variety of systemic diseases, including the metabolic syndrome (D'Aiuto et al., 2008,
Bullon et al., 2009) and diabetes mellitus type 2 (T2DM) (Graves et al., 2004, Mealey et al.,
2006, Susanto et al., 2011). Motivated by this bidirectional relationship between CP and T2DM,
some researchers have investigated the influence of polymorphisms in genes associated with
T2DM and glycemic metabolism in patients with periodontitis (Wu et al., 2015, Folwaczny et
al., 2011, Holla et al., 2001, Wang et al., 2013).

During the past decade, an enormous amount of literature has emerged linking CP with
atherosclerosis. The correlation between periodontitis and atherosclerosis is substantiated by
meta-analyzes (Mustapha et al., 2007, Paraskevas et al., 2008), and 80% of cross-sectional,
longitudinal and case-control studies reported associations between CP and measures of
atherosclerosis / vascular disease (Offenbacher and Beck, 2005).

Some evidences demonstrated that associations between CP and atherosclerosis are
strongest with subclinical measures of atherosclerosis (Mustapha et al., 2007). Dyslipidemia,
the abnormality in levels of triglycerides, total cholesterol, or lipoproteins in the plasma, is a
hallmark of atherosclerosis, leading to cardiovascular disease (Griffiths and Barbour, 2010).
However, polymorphisms in genes associated with dyslipidemia have not been studied in

patients with CP.

Recently, Nepomuceno et al. (Nepomuceno et al., 2017) concluded by meta-analysis
comprising 19 publications, that patients with CP present significantly higher serum levels of
low-density lipoprotein (LDL) and triglycerides (p = 0.003 and p < .0001, respectively), and
lower high-density lipoprotein (HDL) serum levels (p = 0.0005) than healthy subjects. These
results support the rationale that periodontal disease is associated with lipid metabolic control.
Moreover, high levels of free fatty acids such as LDL were previously associated with the action
of the pro-inflammatory cytokines TNF and IL-1 induced by microorganisms/endotoxins
(Fentoglu and Bozkurt, 2008, Griffiths and Barbour, 2010). The release of pro-inflammatory
cytokines and interleukin is believed to compromise tissue response and affect wound healing,

thereby increasing the susceptibility to periodontitis (Stashenko et al., 1991).

Apolipoprotein B (ApoB) is scaffold of LDL particles that are the major natural
transporter of cholesterol and phospholipids, acting as a constant supply of cholesterol for

peripheral tissues and cells (Oram and Heinecke, 2005). ApoB contains multiple lipid-
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associating regions to adopt the required structure for binding to the LDL receptor (LDLR)
(Chen et al., 1988, Fernandez-Higuero et al., 2015). Several polymorphisms in human APOB
and LDLR loci have been described (Wojczynski et al., 2010, Ye et al., 2014, Kathiresan et al.,
2009, Lu et al., 2010). It has been suggested that some of these variants (rs688, rs5925, rs693,
rs676210) might effectively change the total and LDL cholesterol levels and frequently develop
early coronary heart disease (CHD) (Lee et al., 2012, Xiao et al., 2017).

Since CP is associated with higher LDL plasma levels (Nepomuceno et al., 2017), and
it has been reported that polymorphisms in the APOB and LDLR genes may increase plasma
LDL concentrations, the present study aimed to assess whether these polymorphisms contribute

to the susceptibility for CP.

2. Material and Methods

2.1.  Study subjects, sample collection and DNA extraction

Three hundred and fifty-eight patients diagnosed with moderate or severe CP and 356
(no/mild = control) participants were recruited through random selection from the Department
of Periodontology, School of Dentistry at Araraquara, Sao Paulo State University (UNESP),
Brazil. This study was performed in accordance with the Helsinki Declaration of 1975, as
revised in 1983, and was approved by the Ethics in Human Research Committee of the
Araraquara School of Dentistry (UNESP; Protocol number 50/06). All the patients gave written

informed consent before any study related procedure.

The study participants were at least 30 years old and genetically unrelated. Participants
were excluded from the study if they had chronic or systemic diseases (i.e. T2DM, HIV
infection, or immunosuppressive chemotherapy), if they had received systemic antibiotic
treatments in the previous 3 months, if they had received periodontal treatment in the previous
6 months, if they have less then 10 teeth (excluding third molars) or if they were pregnant or
lactating. For both cases and controls, smoking status were confirmed by a questionnaire. A
history of smoking was defined as having smoked at least once per day for at least 1 year

(Miyake et al., 2014).

The patients were diagnosed based on the criteria defined by the CDC / AAP (Centers
for Disease Control and Prevention / American Academy of Periodontology) (Page and Eke,
2007) and they were divided into two groups: Group A (n=356), patients with mild periodontitis

and healthy patients; Group B (n=358), patient with moderate or severe periodontitis.

The clinical periodontal parameters were assessed by a University of North Carolina-15
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periodontal probe at four sites (interproximal sites) around each tooth of the participants:
interproximal probing pocket depth (PPDi) and interproximal clinical attachment level (CALI).
Moreover, bleeding on probing (BOP), visible plaque and marginal bleeding were registered.
All fully erupted teeth, except third molars and retained roots were examined, and buccal

epithelial samples were collected for laboratory analysis.

The genomic DNA from the buccal epithelial cells was extracted using standard
protocols involving proteinase K digestion, 8M ammonium acetate and subsequent ethanol
precipitation. The genomic DNA was quantified by NanoDrop® 2000 spectrophotometer
(Thermo Scientific) and a Qubit® 2.0 fluorometer (Invitrogen). The samples showing Aze0/280

ratio between 1.7 and 2.0 and a concentration of 50 ng/uL were selected.

2.2. Polymerase Chain Reaction (PCR) Amplification and SNP Genotyping

A total of 4 polymorphisms (rs688, 1s5925, rs693, rs676210) were selected in two key
genes associated with dyslipidemia: APOB and LDLR. We included all single-nucleotide
polymorphisms (SNPs) with Hardy—Weinberg equilibrium for controls > 0.05 and minor allele

frequency (MAF) > 0.05 according to the manufacturer’s standard protocols.

Genotyping was conducted utilizing 2.5 pL of each individual sample of DNA (total of
125 ng of genomic DNA) to be analyzed in a well of a 384-well plate, together with 2.5 uL. of
2X TagMan®OpenArray® Genotyping Master Mix, according to the manufacturer’s standard
protocols, using the QuantStudio 12K Flex Real-Time PCR System. The genotyping analysis
was made with Applied Biosystems™ Analysis Software, Genotyping Analysis Module,
version 3.2. (available at: Thermo Fisher Cloud) using autocalling as the call method. The
quality value of the data points genotype was determined by a threshold above 95%. To ensure
quality control, genotyping was performed without the knowledge of individual case—control

status.

2.3. Statistical analysis

Statistical analyses were performed using the PLINK software (Purcell et al., 2007) to
detect differences in distributions for each SNP between groups. All other analyses were
performed by STATA software, version 12.0 for Mac (Statistics/Data Analysis, Stata
Corporation, College Station, Tex., USA).

Demographic data were expressed as the mean + SD for numerical data and as frequency
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distributions for categorical data. Differences in the frequencies of demographic factors were
tested using the chi-squared or Student’s t analysis. Kruskal-Wallis test was used to assess the
association between periodontal parameters (number of teeth, visible plaque, marginal
bleeding, bleeding on probing, interproximal periodontal pockets depth and interproximal

clinical attachment loss) and individual genotype of each SNP independently.

We tested for Hardy—Weinberg equilibrium with the chi-squared goodness-of-fit for
biallelic markers test. The association between genotypes and periodontal disease was
computed using logistic regression. A multivariate logistic regression analysis was used to
adjust for potential confounding factors, such as age, sex and smoking status. The effect size
was expressed as an odds ratio (OR) with a 95% confidence interval (CI). Experiment-wise
significance (p-value = 0.0125) was determined by Bonferroni correction based on the total

number of markers genotyped of the study.

We examined multiplicative and additive interactions between the SNPs under study
and smoking with regard to the risk of CP. A more-than-multiplicative gene—environment
interaction was evaluated using logistic regression analysis (i.e. (Case/Control * Covariates +
SNP1 + Smoking + SNP1xSmoking). For the additive interaction, three measures and their
95% Cls were calculated: 1) Relative Excess Risk Due to Interaction (RERI); 2) Attributable
Proportion due to interaction (AP); and 3) Synergy index (S). RERI is the excess risk due to an
interaction relative to the risk without exposure. AP refers to the attributable proportion of
disease among individuals exposed to both factors that is due to the factors’ interaction. S is the
excess risk from both exposures when there is an additive interaction, relative to the risk from
both exposures without an interaction (Andersson et al., 2005). RERI =0, AP =0, and S =1
indicate no interaction or strict additivity, whereas RERI >0, AP >0, or S >1 indicates
synergistic interaction or more than additivity; and RERI <0, AP <0 or S < 1 means negative
interaction or less than additivity (Knol et al., 2011). If 95% CI of any of these measures did
not include the null values (0 for RERI/AP or 1 for S), the additive interaction was considered

statistically significant (Andersson et al., 2005).

The linkage disequilibrium (LD) coefficients > and D’ were then calculated for the multi-
locus polymorphisms studied in LDLR and APOB to determine any co-segregation. The
associations between the haplotypes and CP were tested by calculating the logistic regression
(adjustments) statistic and the corresponding p-values and odds ratios (ORs) with 95%

confidence intervals (CIs).
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3. Results

The characteristics of cases and controls are shown in Table 1. The investigated
population was composed mainly of female and non-smoker subjects. There were no

differences between cases and control subjects regarding sex.

Among our control subjects, the genetic distributions of SNPs rs5925, rs688, 15676210
and rs693 did not deviate from the Hardy—Weinberg equilibrium (p = 0.74, 0.42, 0.05 and 0.14,
respectively) (Table 2). Kruskal-Wallis test revealed no significant association between the
clinical periodontal parameters and genotype frequencies of any of the evaluated SNPs (Table
3). In the multivariate model, compared with the control group, there were no significant
differences in the genotype frequencies between all four investigated SNPs and periodontal

disease after adjusting for age, sex and smoking (Table 4).

Compared with subjects with the TT genotype of the rs5925 SNP who had never
smoked, those with the TC or CC genotype who had ever smoked had a significantly increased
risk of periodontal disease: the adjusted OR was 1.61 (95% CI: 1.01 — 2.58); nevertheless,
neither multiplicative nor additive interaction was significant (Table 5). Likewise, subjects
carrying the CT or TT genotype of the rs688 SNP who had ever smoked had a significantly
increased risk of periodontal disease: the adjusted OR was 1.61 (95% CI: 1.01 — 2.59).
However, the multiplicative and additive interactions between the rs688 SNP and smoking were
not statistically significant. Subjects who had ever smoked, independently from the genotype
of rs676210 and rs693 SNPs had a significantly increased risk of periodontal disease (rs676210
GG genotype, OR: 1.67, CI: 1.09 - 2.56; rs676210 AG or AA genotype, OR: 2.24, CI: 1.24 -
4.05; rs693 CC genotype, OR: 2.16, CI: 1.20 - 3.88; rs693 CT or TT genotype, OR: 1.66, CI:
1.04 - 2.64). No multiplicative or additive interactions were observed between the two SNPs

and smoking.

Of the two SNP pairs, both were in strong linkage disequilibrium: D’ between rs676210
and rs693 (APOB gene), D’ between rs688 and rs5925 (LDLR gene) were 1.00 and 0.997,
respectively (Table 6). Given that haplotype order for the LDLR gene was rs688 and rs5925,
the CT, TC and CC haplotypes were identified after haplotypes with a frequency of <1% in
either cases or control subjects were excluded. Regarding the APOB gene, the haplotypes with
frequency > 1% were GC, GT and AC, considering that the SNPs order was rs676210 and rs693

(Table 7). None of these were significantly related to the risk of periodontal disease.

4. Discussion
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To our knowledge, the present study is the first to investigate the lipid metabolic
important rs688, rs5925 SNPs in the LDLR gene and rs693 and rs676210 SNPs in the APOB
gene in relation to CP. Indeed, these SNPs were not ever investigated in the Brazilian population
with CP. Contradicting our hypothesis, we demonstrated here that none of the four SNPs
associated to dyslipidemia were statistically significantly associated with the Brazilian patients

affected by CP.

There is a large body of literature in candidate-gene studies investigating the genetics
of host inflammatory response, inflammatory mediators, and cytokines in periodontitis (Zhang
et al., 2011). The LDLR plays a key role in the regulation of cholesterol metabolism by
removing excess of LDL in blood (Dammerman and Breslow, 1995). This receptor is
particularly abundant in the liver, the organ responsible for removing most excess of cholesterol
from the body (Li et al., 2001). LDLR gene mutations can lead to deficiency or abnormality of
LDLR in the cell membrane surface and thus disrupt lipid metabolism (Zhang et al., 2016).
LDLR gene mutations are known to cause familial hypercholesterolemia (FH) (Brown and
Goldstein, 1974, Alonso et al., 2008), which is a common genetic disorder characterized by
elevated circulating LDL (Hobbs et al., 1992). Moreover, recent genome-wide association
studies (GWASs) showed that LDLR gene mutations were significantly associated with the
abnormal blood lipid levels (Kathiresan et al., 2009, Sandhu et al., 2008, Waterworth et al.,
2010, Sanna et al., 2011).

The rs5925 and rs688 SNPs in the LDLR gene were predicted to be silent mutations due
to the preservation of the codon sense. In a study with 3575 subjects from the Netherlands, 23
SNPs (including the rs688 and rs5925) were found to be significantly associated with total
cholesterol levels after adjustment for age, sex, current smoking status, alcohol consumption

and body mass index (BMI) (Lu et al., 2010).

The rs688 SNP, located in the coding region of the LDLR gene, is suggested to produce
a functional effect on the plasma LDL level in 5414 European, 7616 Asian and 1936 Canadian
study subjects (Park et al., 2011, Kathiresan et al., 2008a, Boright et al., 1998). The SNP rs688
was also identified associated with triglycerides and glycated hemoglobin (HbA1C) (Park et
al., 2011), representing an additional risk factor for diabetes and atherosclerosis. Additionally,
the rs688 was associated with increased plasmatic LDL in pre-menopausal women (Zhu et al.,
2007), increased Alzheimer’s disease risk in men (Zou et al., 2008) and coronary artery disease
risk (Martinelli et al., 2010). Regarding the rs5925 SNP in the LDLR gene, it was associated

with blood total cholesterol and LDL levels in Hispanic women (Ahn et al., 1994). In a Mexican
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population, the rs5925 showed association with low triglycerides levels in hypertensive patients
and hyperlipidemia subgroup, in a multiple linear regression model (Rios-Gonzalez et al.,
2014). Furthermore, the same LDLR SNP may be strongly involved in the pathogenesis of
cerebral infarction (Yan et al., 2014). A specific LDLR haplotype consisting of the rs5925 and
other two SNPs was overrepresented in women affected with Alzheimer’s disease when

compared to matched normal controls (Lamsa et al., 2008).

Besides the analyses of individual SNPs, we carried out the haplotype analysis of the
tested two SNPs of each gene between CP patients and controls. The haplotype analysis is likely
to continue to play an important role in genetic epidemiology studies because it effectively
captures both the joint marker correlations and the evolutionary history (Schaid, 2004).
However, the present haplotype analysis showed no significant association with CP. In a
Taiwanese population, the haplotype TC formed by the rs688 and rs5925 was associated with
65% increased risk of overall ischemic stroke, 72% increased risk of atherothrombotic stroke,
and 70% increased risk of lacunar infarction; indicating a synergistic effect between these 2
SNPs (Lee et al., 2012). In spite of the previous association of the rs688 and/or the rs5925 SNPs
with diabetes, dyslipidemia and cardiovascular disease, that increased their potential as
candidate for CP, we did not find any significant association of those SNPs, or their haplotypes,

with the CP.

Apolipoproteins are the structural components of lipoprotein particles, such as LDL,
and serve as cofactors for lipid-metabolizing enzymes and ligands for lipoprotein receptors,
such as LDLR (Zaman et al., 1997). ApoB is necessary for the cellular uptake and catabolism
of LDL by the LDL receptor. Polymorphisms in the APOB gene have been associated with the
variability of serum cholesterol levels and coronary atherosclerosis in some populations
(Rajput-Williams et al., 1988). The rs676210 SNP is a missense mutation involving A to G
substitution that results in the conversion of proline to leucine, also named as Pro2739Leu. The
rare allele at the rs676210 SNP was significantly associated with the increased triglyceride-
lowering effects of fenofibrate, commonly drug used to treat hypertriglyceridemia (Wojczynski
et al., 2010), in reduction of LDL and triglycerides levels in Europeans (Barbosa et al., 2012),
and associated by GWAS with circulating oxidized LDL (oxLDL) (Makela et al., 2013). The
haplotype “TGAG” in APOB constructed by the two SNPs in this present study and other two
(rs1042034 and rs673548) was associated with increased ischemic stroke risk (OR = 1.583; 95
% CI =1.045 - 2.397; p=0.031) (Xiao et al., 2017). The rs693 SNP lies in the coding region
of the APOB gene. APOB 15693 consists of a silent cytosine to thymine substitution at
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nucleotide 7673 (Au et al., 2017). The rs693 SNP was associated with decreased LDL and
triglycerides levels and increased HDL in Asian and European subjects (Park et al., 2011,
Kathiresan et al., 2008a, Barbosa et al., 2012). Obesity and coronary disease were associated
with haplotypes involving the rs693 in men (Rajput-Williams et al., 1988). The same SNP was
also significantly associated with the CVD risk factors waist circumference, waist-to-hip ratio
and Homeostasis Model Assessment for Insulin Resistance (HOMA-IR) (Park et al., 2011); and
ischemic stroke (Xiao et al., 2017). The more important results about this SNP were three
different GWAS. In two GWAS studies, the SNP rs693 was associated with reduction of LDL
in Northern Finnish and European ancestry (Sabatti et al., 2009, Kathiresan et al., 2008b); and
one GWAS, the SNP was associated with reduction total cholesterol in 16 European population

cohorts (Aulchenko et al., 2009).

Incubation of whole blood with the oral pathogen Porphyromonas gingivalis results in
proteolysis and degradation of ApoB in LDL (Bengtsson et al., 2008, Lonn et al., 2018). Other
investigators have also demonstrated degradation of ApoB by intact Porphyromonas gingivalis,
its lipopolysaccharides (LPS), or outer membrane vesicles from the organism (Miyakawa et al.,
2004). Interestingly, the LDLR (which binds ApoB) in the liver does not recognize ApoB-
modified LDL (e.g., produced by gingipains of Porphyromonas gingivalis), thereby resulting
in the accumulation of LDL in the circulation (Lonn et al., 2018). LDL modification induced
by selective degradation of the ApoB protein by Porphyromonas gingivalis results in
aggregated lipid particles that can be taken up by macrophages to form foam cells and
consequently accelerates the progression of atherosclerosis in mice fed with a high-fat diet

(Hashimoto et al., 2006).

ApoB, the major protein component in plasma LDL, is present in gingival crevicular
fluid (GCF) (Sakiyama et al., 2010). Besides that, the levels of ApoB and oxLDL in GCF are
higher at the sites with periodontitis than at the healthy sites (Ishizuka et al., 2017); as well as
in patients with T2DM than normoglycemic subjects (Noguchi et al., 2014). The levels of ApoB

and oxLDL at periodontal sites decreased after scaling and root planning (Ishizuka et al., 2017).

In the present study, no statistically significant association between the polymorphisms
in the candidate genes LDLR or APOB and CP susceptibility was observed. As a complex
disease, the genetic susceptibility of CP may be determined by a number of genes that may
interact with each other, with none of them demonstrating a dominant effect on CP
susceptibility (Ioannidis et al., 2001). In addition, the gene—systemic diseases interactions may

play an important role in CP, although the present study did not have data regarding the lipid
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profile of patients. Altogether, although we investigated four SNPs in two genes highest related
with altered lipid metabolism, other SNPs located in other regions of the LDLR and APOB
genes could be related with CP. A better option is to verify more SNPs in the genes using tag
SNPs, since it reduces the expense and time of mapping genome areas associated with disease,

since it eliminates the need to study every individual SNP (Mahdevar et al., 2010).

The study of the interactions between host genetic factors and oral microbial
colonization, termed “periodontal infectogenomics” (Nibali et al., 2011), is an important
emerging area of research. Two GWAS for host genetic markers showed that there are SNPs in
different populations associated with specific colonization with periodontal bacteria (Rhodin et
al., 2014, Divaris et al., 2012). As observed in several studies, the LDLR and APOB genes are
more associated with the presence of periodontopathogenic microorganisms, such as
Porphyromonas gingivalis than the presence or absence of CP. Perhaps, if we had information
on the levels of bacteria in health and CP sites of subjects, we could find association of the 4

studied SNPs, contributing with the periodontal infectogenomics.

Alternatively, the periodontal disease can be actually a group of distinct conditions with
similar and overlapping clinical presentations. A new investigation defined the disease
phenotype as complex traits using principal component analyses (PCA) to identify genetic
determinants (Offenbacher et al., 2016). This new approach used clinical data combined with
the levels of eight classic periodontal pathogens and gingival crevicular fluid (GCF)-IL-1b to
derive six periodontal complex traits (PCTs). The intent is to identify loci related to the
biological underpinning and pathogenesis of CP and not strictly to serve as population markers
for clinical CP. This new classification has identified more genes related to CP in GWAS
studies when compared to the traditional American Academy of Periodontology (AAP) /
American Dental Association (ADA) periodontal disease classification, as used in the present
study (Page and Eke, 2007). This present study is limited by presenting only clinical

information beyond the genotyping of patients.

Study of gene—environment interaction is important for improving accuracy and
precision in the assessment of both genetic and environmental influences. An understanding of
gene—environment interaction also has important implications for public health. It aids in
predicting disease rates and provides a basis for well-informed recommendations for disease
prevention (Ottman, 1996). The joint effect between two factors can be measured on either an
additive or multiplicative scale. Although there is a debate as to which scale should be used,

there has been general consensus that the additive scale is more appropriate for assessing the
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public health importance of interactions (Chantarangsu et al., 2016). Despite gene-environment
interactions seem to be an obvious topic for consideration, the analysis of such interactions is
not yet routine in genetic studies (Lanktree and Hegele, 2009). There are few studies
investigating the gene-environment interaction associated with chronic periodontitis,
particularly with smoking (Tanaka et al., 2017, Chantarangsu et al., 2016, Tanaka et al., 2014,
Ribeiro et al., 2016). Risk genotypes on SNP in vitamin D receptor gene (VDR) synergistically
interacted with smoking in increasing CP susceptibility (Chantarangsu et al., 2016). To our
knowledge, there is only one study of gene-environment interaction with SNPs in the APOB
and LDLR genes; unfortunately, they were not the same SNPs studied in this present study
(Andreotti et al., 2008). Accounting for gene-environment interactions will probably be
important for future strategies of diagnosis, prognosis and management of CP. Combinations
of specific genetic variants in the context of specific environmental variables - reflecting gene-
environment interactions - could help to re-stratify an individual between risk strata (Lanktree

and Hegele, 2009).

Further studies are suggested focusing information about the microbiome, proteome and
systemic metabolic profile and fractions that could be combined to clinical data to enrich the
investigation on the pathogenesis of CP. Moreover, extensive analysis of gene—gene, gene—
environment and gene-systemic disease interactions using different and larger populations
would be valuable to obtain a better insight into the influence of genetics in the occurrence and

progression of CP.

We concluded that none of the individual SNPs rs5925 and rs688 in the LDLR gene,
and rs676210 and rs693 in the APOB gene, their haplotypes or the gene interactions analyses

were found to be statistically significantly associated with CP in the Brazilian population.
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Table 1. Comparison of demographic characteristics

Control Case
n=356 n=358
Demographic Characteristics
Age (mean £ SD)* 43.6 (£ 11.0) 49.1 (£9.3)
Sex, n (%)
Males 115 (32.3) 146 (40.8)
Females 241 (67.7) 212 (59.2)
Smoking, n (%)*
Never 275 (77.3) 229 (64.0)
Ever 81 (22.7) 129 (36.00)

*p-value < 0.05 (comparisons performed by Student’s t or chi-square test).



88

Table 2. Data regarding the assays of the genotyped polymorphisms and alleles frequencies

Cytogenetic Gene and classification of

SNP Assay ID Allele MAF  HWE Call rate (%)*
Band mutation
rs5925 C__ 2804279 10  19pl3.2b LDLR (silent mutation) T|IC C|C 0.16 0.74 96.92
rs688  C_ 2804264 20  19pl3.2b LDLR (silent mutation) CIT T|T 0.14 042 96.36
15676210 C__ 3216558 10 2p24.1c APOB (missense mutation) G|A AJ|A 0.06 0.05 95.66
rs693  C 7615420 20 2p24.1c APOB (silent mutation) CIT T|T 0.16 0.14 96.92

MAF, minor allele frequency (in this study); HWE, Hardy—Weinberg equilibrium.
*Represents the amount of genotyping performed with success, in percentage, for OpenArray™ plate.



Table 3. Clinical parameters (mean + SD) distributed by the genotypes

Genotypes
1.1 1.2 2.2 p-value*

(T>C) rs5925
Number of teeth 23.88 (4.12) 24.48 (4.27) 24.05 (4.48) 0.58
Visible plaque (% of sites) 37.11 (26.96) 33.74 (26.46) 34.80 (26.03) 0.30
Marginal bleeding (% of sites) 15.82 (20.39) 13.68 (18.68) 13.53 (19.48) 0.34
BOP (% of sites) 23.40 (25.96) 19.98 (23.43) 22.64 (26.03) 0.58
PPDi < 4mm (% of sites) 92.98 (12.57) 93.78 (11.64) 92.92 (10.94) 0.42
PPDi > 5mm (% of sites) 7.02 (12.57) 6.22 (11.64) 7.08 (10.94) 0.42
CALi <3mm (% of sites) 83.07 (21.94) 85.58 (20.12) 81.36 (24.38) 0.52
CALi > 6mm (% of sites) 5.77 (10.76) 5.19 (10.88) 7.36 (12.80) 0.51

(C>T) rs688
Number of teeth 23.94 (4.10) 24.37 (4.38) 24.17 (4.28) 0.55
Visible plaque (% of sites) 37.18 (27.41) 33.62 (26.16) 34.41 (25.77) 0.30
Marginal bleeding (% of sites) 16.08 (21.16) 13.44 (18.11) 13.27 (18.69) 0.34
BOP (% of sites) 23.60 (26.28) 20.17 (23.56) 21.47 (24.64) 0.55
PPDi < 4mm (% of sites) 92.56 (13.41) 94.14 (10.64) 92.92 (11.04) 0.36
PPDi > 5mm (% of sites) 7.44 (13.41) 5.86 (10.64) 7.08 (11.04) 0.36
CALi <3mm (% of sites) 82.99 (22.41) 85.23 (20.19) 82.60 (23.44) 0.68
CALi > 6mm (% of sites) 5.96 (11.19) 5.14 (10.74) 7.18 (12.55) 0.63

(G>A) rs676210

Number of teeth 24.11 (4.36) 24.37 (3.95) 23.55 (4.64) 0.84
Visible plaque (% of sites) 34.60 (26.16) 35.42 (26.30) 38.80 (29.48) 0.68
Marginal bleeding (% of sites) 14.80 (20.21) 14.41 (17.77) 12.06 (21.04) 0.18
BOP (% of sites) 21.70 (25.49) 22.14 (24.06) 21.45 (23.16) 0.84
PPDi < 4mm (% of sites) 93.41 (11.69) 92.89 (12.65) 94.02 (11.03) 0.53
PPDi > 5mm (% of sites) 6.59 (11.69) 7.11 (12.65) 5.98 (11.03) 0.53
CALi <3mm (% of sites) 83.86 (22.51) 83.89 (20.06) 84.01 (20.41) 0.68
CALi > 6mm (% of sites) 6.08 (11.74) 5.29 (10.37) 5.40 (10.12) 0.88

(C>T) rs693
Number of teeth 24.20 (4.40) 24.06 (4.10) 24.33 (4.29) 0.96
Visible plaque (% of sites) 33.15 (26.50) 37.53 (26.84) 33.10 (25.41) 0.07
Marginal bleeding (% of sites) 13.98 (18.56) 14.97 (19.71) 14.37 (21.12) 0.44
BOP (% of sites) 21.22 (24.00) 21.55 (24.40) 23.16 (28.04) 0.96
PPDi < 4mm (% of sites) 93.28 (12.50) 93.22 (11.25) 93.85 (12.20) 0.61
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PPDi > 5Smm (% of sites) 6.72 (12.50) 6.78 (11.25) 6.15 (12.20) 0.61
CALi < 3mm (% of sites) 84.48 (20.25) 84.34 (21.15) 81.81 (25.65) 0.97
CALi > 6mm (% of sites) 4.97 (9.48) 5.74 (11.21) 7.72 (14.44) 0.86

*The p-value was estimated by Kruskal-Wallis test.

Abbreviations: BOP, bleeding on probing; PPDi, interproximal probing pocket depth; CALi,
interproximal clinical attachment level. 1 and 2 refer to common and rare alleles. respectively. 1.1
(homozygous for the major allele), 1.2 (heterozygous for the major and minor alleles), and 2.2
(homozygous for the minor allele).
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n (%)
SNP / Genotype Control Cases Adjusted OR* (95% CI) p-value

(T>C) rs5925

TT 126 (36.52) 130 (37.46) 1.00

TC 162 (46.96) 159 (45.82) 0.98 (0.69 - 1.38) 0.90

CC 57 (16.52) 58 (16.71) 0.96 (0.60 - 1.52) 0.85

TC+CC 219 (63.48) 217 (62.54) 0.97 (0.70 - 1.35) 0.86
(C>T) rs688

CC 137 (39.94) 142 (41.16) 1.00

CT 154 (44.90) 152 (44.06) 0.97 (0.69 - 1.37) 0.91

TT 54 (15.16) 51 (14.78) 0.93 (0.58 - 1.51) 0.78

CT+IT 206 (60.06) 203 (58.84) 0.96 (0.69 - 1.33) 0.81
(G>A) rs676210

GG 228 (67.06) 213 (62.10) 1.00

AG 94 (27.65) 108 (31.49) 1.32 (0.93 - 1.88) 0.12

AA 18 (5.29) 22 (6.41) 1.09 (0.55 -2.17) 0.80

AG+AA 112 (32.94) 130 (37.90) 1.28 (0.92 - 1.78) 0.14
(C>T) rs693

CcC 137 (39.60) 137 (39.60) 1.00

CT 151 (43.64) 157 (45.38) 1.09 (0.77 - 1.54) 0.64

TT 58 (16.76) 52 (15.03) 0.87 (0.54 - 1.39) 0.57

CT+TT 209 (60.40) 209 (60.40) 1.02 (0.74 - 1.42) 0.88

*The OR with 95% CI were estimated by multiple logistic regression model after controlling for age,
sex and smoking.
Abbreviations: OR, odds ratio; CI, confidence interval.
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Table 6. Pairwise linkage disequilibrium of polymorphisms (r* and D' values)

Linkage disequilibrium

Chromosome SNP1 SNP2 ¥ D'
2 1676210 1s693 0.161 1.000
19 rs688 1s5925 0.886 0.997

D’ = the linkage disequilibrium coefficient D standardized by the maximum value it
can take (Dmax). given the allele frequencies; 7° = the square of the correlation
coefficient between allele frequencies.
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Table 7. Distribution of LDLR and APOB haplotypes in the studied groups

Estimated
frequencies*
SNP markers Haplotype  Controls Cases  Adjusted OR (95% CI)* p-value
(C>T) rs688 CT 0.5983 0.6023 1.00
(T>C) rs5925 TC 0.3755 0.3672 0.97 (0.77 - 1.22) 0.8
cC 0.0262 0.0291 1.01 (0.51 - 2.01) 0.98
(G>A) rs676210 GC 0.4227 0.4011 1.00
(C>T) rs693 GT 0.3858 0.3764 1.03 (0.80 - 1.32) 0.84
AC 0.1915 0.2225 1.20 (0.90 - 1.61) 0.22

*Frequency threshold for rare haplotypes = 0.01.
*The OR with 95% CI and p-value were estimated by multiple logistic regression model after
controlling for age. sex and smoking.
Abbreviations: OR, odds ratio; CI, confidence interval.
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ABSTRACT

Aim: The number of publications using bioinformatics methods to identify candidate
genes and genome-wide association studies (GWAS) has expanded to identify genes variants
associated with chronic periodontitis (CP). Results from some of these studies enrolling
different populations have not yet been validated for Brazilian population. The purpose of the
present study is to investigate the association of 7 candidate polymorphisms in the /L8, TLRY,
FZDS8, NPY, IL37, EMRI and NCR2 genes (rs187238, rs352140, rs1360573, rs2521634,
rs3811046, 1s3826782, rs7762544) with CP in a Brazilian population.

Materials and Methods: Genomic DNA was obtained from No/mild CP group (n=356)
and moderate or severe CP group (n=358). Genotyping of polymorphisms was performed using
real-time polymerase chain reaction by OpenArray® platform. Multinomial logistic regression
was used to determine degree of association between polymorphisms and periodontal status
adjusted for known confounders. The same analysis was conducted by sex to identify the sex-
specific effects of gene polymorphisms on periodontal disease. A multiple linear regression was

used to assess the relationship of periodontal parameters with each SNP independently.

Results: The AA genotype of the rs2521634 SNP was associated with increased risk to
severe CP (OR = 2.34; 95% CI=1.19 — 4.59; p = 0.01). Considering the rs3811046 SNP, TG
and GG genotypes were shown to increase the susceptibility to moderate CP. However, these
results were not significant after the Bonferroni correction. Women carrying the homozygous
genotype for the minor allele on rs3811046 SNP were more susceptible to develop moderate
CP (OR = 4.02, CI: 1.65 — 9.80, p = 0.002), even after the Bonferroni correction. For the
rs2521634, the homozygotes for rare allele (AA) were associated with higher percentage of
PPDi > 5mm (B =4.91, p = 0.004).

Conclusions: Here we validated in a Brazilian population the association of the
rs2521634 SNP, close to the NPY (Neuropeptide Y) gene, and the rs3811046 SNP, in the
intronic region of the IL37 (Interleukin 37) gene, with increased chance to moderate and severe
CP, and this risk was sex-specific. These results reinforce the evidence that the NPY and IL37
polymorphisms, previously found by GWAS, might play a role on the genetic profile
predisposing to CP.
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1. Introduction

The chronic periodontitis (CP) is among the most common inflammatory diseases,
affecting human populations at worldwide with prevalence rates of 11% for the severe forms
(Marcenes et al., 2013). CP is a multifactorial pathology that is primarily provoked by specific
pathogenic bacterial consortia in subgingival biofilm (Darveau, 2010), and the destruction of
periodontium, the tooth supporting tissues, is immunologically mediated (Yoshie et al., 2007).
It is well established that inherent genetic factors and environmental factors, such as smoking,
affect the occurrence, extent and severity of the periodontal destructive process (Kornman,
2008). The evidence for a genetic susceptibility to periodontitis comes from twins
(Michalowicz et al., 1991, Corey et al., 1993), which suggested that the susceptibility to CP is
related to heritability in approximately 50% of cases (Michalowicz et al., 2000).

In the last decades, a variety of association studies focusing on candidate genes related
to host immunity and inflammatory response (such as cytokines, cell-surface receptors,
chemokines and enzymes) have demonstrated association with CP in different populations
(Kornman et al., 1997, Laine et al., 2012, Zhang et al., 2011, Scarel-Caminaga et al., 2011,
Ding et al., 2014). The majority of positive association of a genetic polymorphism was found
with CP, and since this disease is multifactorial and polygenic, it is common to find weak
association of such candidate gene polymorphism individually. Moreover, most of these studies
have employed non-standardized clinical parameters and cohorts of fairly small size, resulting
in high variability across studies and limited statistical power and a large potential for false-
positive/ false-negative results (Laine et al., 2012). Therefore, the genes involved in the

pathogenesis of CP should be better investigated.

The number of publications using genetic databases and bioinformatics methods to
identify disease candidate genes has been expanded. A combination of computational tools will
be useful in mining candidate genes for periodontitis. These theoretical results provide new
clues for experimental biologists to plan targeted experiments. Just few studies have been
published in the literature using bioinformatics to identify the most promising candidate genes
for CP. Just one study used the multiple data sources and different computational methods to
prioritize periodontitis genes within the whole human genome (Zhan et al., 2014). Through this
integrative method of gene ranking, TLR9 and IL18 (Toll Like Receptor 9 and Interleukin 18)

are some that stand out.

The limitation of the candidate gene approach is that hundreds of genes will not be

selected because their functions are unknown; therefore, hypothesis-free strategy studies of the
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entire genome might be conducted (Vaithilingam et al., 2014). Genome-wide association
studies (GWAS) are an agnostic approach to scan the entire human genome to identify genes
or genetic loci having even modest effects on complex human diseases or traits (Teumer et al.,
2013). Evidences are supporting that the GWAS approach, set of approximately 650,000
genotyped SNPs with a less frequent random frequency (MAF) > 5%, shows approximately
22% of the phenotypic variance observed in severe chronic periodontitis (Divaris et al., 2013).
A number of GWAS have reported novel findings for complex diseases, and interestingly, most
of these genes have not been thought of as likely candidates before. This was also observed
regarding CP, since GWAS evidenced genetic variants associated with susceptibility to
periodontitis. It can be highlighted polymorphisms in the /L37 (Interleukin 37) gene, EMRI
(Adhesion G Protein-Coupled Receptor EI) and close to FZDS (Frizzled Class Receptor §8),
NPY (Neuropeptide Y), and NCR2 (Natural Cytotoxicity Triggering Receptor 2) genes (Divaris
et al., 2013, Freitag-Wolf et al., 2014, Shaffer et al., 2014).

It has been acknowledged that results from GWAS need to be reproduced in further
independent samples. A previous GWAS result is ‘replicated’ when it is reproduced in a similar
population from the original study; but when the GWAS result is reproduced in a different
population (e.g. ethnically) this result was ‘validated’ (Igl et al., 2009). Considering that the
mentioned polymorphisms prospected from the bioinformatics and GWAS studies have not yet
been validated for the Brazilian population, the purpose of the present study is to investigate
the association of 7 candidate single nucleotide polymorphisms (SNPs) (rs187238, rs352140,
rs1360573, rs2521634, rs3811046, rs3826782, rs7762544) in different genes or close to them
(IL18, TLRY, FZDS, NPY, IL37, EMRI and NCR?2, respectively) in a Brazilian population with

moderate and severe chronic periodontitis.

2. Material and Methods
2.1.  Study subjects

The study was a case—control trial. According to the sample size calculation (described
in Results), after detailed and complete periodontal examination, a total of 714 unrelated
subjects, with at least 30 years old, were recruited from the School of Dentistry at Araraquara,
Sao Paulo State University (UNESP). The patients were allocated to each of the 2 different
groups according to the criteria defined by the CDC / AAP (Centers for Disease Control and
Prevention / American Academy of Periodontology) (Page and Eke, 2007): Group A (n = 356):
patients with mild periodontitis and healthy patients; Group B (n=358) patients with moderate
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(B1; n = 89) or severe periodontitis (B2; n = 269) (Figure 1). This study was performed in
accordance with the Helsinki Declaration of 1975, as revised in 1983, and was approved by the
Ethics in Human Research Committee of the Araraquara School of Dentistry (UNESP; Protocol
number 50/06). All the patients gave written informed consent before any study related

procedure.

The exclusion criteria for enrolling patients in the study were periodontal treatment
during the last 6 months, antibiotic therapy during the last 3 months, have less then 10 teeth
(excluding third molars), chronic usage of anti-inflammatory drugs, current pregnant or
lactating and self-declared history of diseases that influence the immune system (i.e. diabetes
mellitus, HIV infection, or immunosuppressive chemotherapy). For both cases and controls,

smoking status was confirmed by a questionnaire.

The following clinical signs and parameters were assessed at four sites (interproximal
sites) around each tooth: interproximal probing pocket depth (PPDi) and interproximal clinical
attachment level (CALi), measured to the nearest millimeter by a periodontal probe with
University of North Carolina-15 periodontal probe; visible plaque, marginal bleeding and
bleeding on probing (BOP), registered, as a percentage of the total number of sites. All fully

erupted teeth, except third molars and retained roots, were examined.

2.2. DNA Isolation and Quantification

Each participants’ buccal epithelial cells was collected by a mouthwash of 3% glucose
for 2 minutes and stored with buffer solution (10mM Tris HCI, 0.1M EDTA, 0.5% SDS - pH
8.0) at —80°C until used for subsequent genomic DNA extraction by proteinase K digestion and
8M ammonium acetate protocol extraction adapted (Aidar and Line, 2007). The purity and
concentration of the samples were checked using a NanoDrop® 2000 spectrophotometer
(Thermo Scientific) and a Qubit® 2.0 fluorometer (Invitrogen), respectively. All the samples
showed Az60/230 and Aszeo/280 ratios between 1.7 and 2.0, and a concentration of 50 ng/uL were

standardized.

2.3. Genotyping

Genotyping was performed using the OpenArray® platform (Thermo Fisher Scientific,
Waltham, MA, USA), which employs a chip-based TagMan genotyping technology. Custom
Open Array Chips (Thermo Fisher Scientific, Waltham, MA, USA) were designed with the
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selected polymorphisms of interest which were previously associated with CP: FZDS, IL37,
IL18, TLR9, NPY, EMRI and NCR?2 (Table 1). Genotyping was conducted utilizing 2.5 puL of
each individual sample of DNA (total of 125 ng of genomic DNA) to be analyzed in a well of
a 384-well plate, together with 2.5 puL of 2X TagMan®OpenArray® Genotyping Master Mix,
according to the manufacturer’s standard protocols, using the QuantStudio 12K Flex Real-Time
PCR System. The genotyping analysis was made with Applied Biosystems™ Analysis
Software, Genotyping Analysis Module, version 3.2. (available at: Thermo Fisher Cloud) using
autocalling as the call method. The quality value of the data points genotype was determined
by a threshold above 95%. To ensure quality control, genotyping was performed without the

knowledge of individual case—control status.

2.4.  Statistical analysis

Demographic variables between cases and controls were compared using Student’s ¢ test
for continuous variables (age and periodontal parameters) and the y* test for categorical
variables (gender and smoking). The Hardy—Weinberg equilibrium (HWE) formula was applied
to the genotype frequencies among the control subjects to test, using chi-square goodness-of-

fit, for any deviations from the expected genotype equilibrium.

Three different binary independent variables (Group A vs. Group B; Group A vs.
GroupB1; Group A vs. Group B2) were used to ascertain the association between each SNP and
the diagnosis of chronic periodontitis. All case-control association analyses were carried out,
which included allelic and genotypic associations. Genotypes were categorized into three
groups (major allele homozygous - 11, heterozygous - 12, and homozygous variant - 22).
Different degrees of disease severity (moderate or severe) were assessed by the Chi-square test
in four models: 1) allele 1 versus 2; ii) genotype 11 versus 12 versus 22 (additive model); iii)
genotype 11+12 versus 22 (recessive model); and iv) genotype 11 versus 12+22 (dominant
model). Significance threshold was set to 0.007 (0.05/7), according to Bonferroni correction
based on the total number of polymorphisms of the study (n = 7), similar to other studies (Nibali
et al., 2008, Wu et al., 2015, Su et al., 2015b).

The association between each SNP with moderate and severe periodontal disease was
estimated as an odds ratio (OR) and 95% confidence intervals (CI) by multiple logistic
regression adjusted by age, sex and smoking. Furthermore, the gene polymorphisms were
evaluated, through the logistic regression model, separately by the sex of patients to investigate

the susceptibility to CP, adjusted by age and smoking. The analysis was performed for SNPs
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that presented at least a weak association (p < 0.05) with CP after multiple logistic regression.
A multiple linear regression was used to assess the relationship of periodontal parameters (BOP,
PPDi and CALIi) with each SNP independently. Models were adjusted for age, sex and smoking

status, which were used as independent variables.

The PLINK software (Purcell et al., 2007) was used to detect differences in distributions
for each SNP between groups. All other analyses were performed by STATA software, version

12.0 for Mac (Statistics/Data Analysis, Stata Corporation, College Station, Tex., USA).

3. Results

3.1.  Characteristics of study population

To calculate the sample size necessary for the study to have power to attest the
association between the alleles with CP, the G * Power Calculator, version 3.1 (Faul et al.,
2007) program was used, considering the parameters: logistic regression; two tail, OR: 1.5; Pr
(Y =1/X=1)HO0=0.2; alpha of 0.005 and 90% power, R2 = 0. It is important to note that
alpha = 0.005 was obtained from p = 0.05 divided by 10 (7 SNPs +3 adjustment variables [age,
gender and smoking]). This calculation resulted in a total sample of 654 patients, 327 patients
per group. This number is smaller than the total of subjects enrolled in this present study (n =

716).

The demographic and periodontal characteristics of the 2 study groups (356 controls and
358 patients with moderate and severe CP) were analyzed (Table 2). No difference in sex
distribution was found between the groups. Significantly different distributions (p < 0.05) of
age and smoking status were detected between controls and CP patients. Table 2 also showed,
as expected, that periodontal tissue destruction (including bone loss) and local inflammation
were significantly higher in CP patients, particularly in the severe CP group, which presented
higher percentage of periodontal sites with bleeding on probing, interproximal probing pocket

> 5 mm and interproximal clinical attachment loss > 6 mm.

3.2.  SNP analysis

For all SNPs, the distribution of the genotypes in controls was in Hardy—Weinberg
equilibrium (p > 0.05). The position and the minor allele frequency (MAF) of the 7 SNPs was
estimated and presented in Table 1. Just one SNP had a MAF < 5% (rs3826782). The call rate
of all the investigated SNPs was > 95%.
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The genotype and allele distributions were compared between the no/mild CP with
moderate, severe and moderate + severe CP patients by association analysis (chi-square test,
Table 3). Although some results presented p-value < 0.5, the majority of these were not
significant after the Bonferroni correction. In regard to the rs2521634 SNP close to the NPY
gene, the control group (no/mild CP) had significantly higher proportions of G allele than severe
CP and severe + moderate CP (p = 0.005 and p = 0.006, respectively). Furthermore, there were
different proportion of rs2521634 genotypes between control group and severe CP group, but
not significant after Bonferroni correction in additive, dominant and recessive models (p = 0.02,
p =0.02 and p = 0.03, respectively). Concerning the intronic rs3811046 SNP in the /L37 gene,
the control group had significantly higher proportion of T allele (p = 0.004) in comparison with
the moderate CP. Moreover, there were different proportion of genotypes between control
group and moderate CP group in the same SNP (p < 0.05) in additive and dominant models (p

=0.02 and p = 0.01, respectively), which lack significance after Bonferroni correction.

To more accurately evaluate the strength of any association and to eliminate the
distortion caused by confounding effects (sex, age and smoking), multiple logistic regressions
were performed (Table 4). When we compared the genotype distributions between the Control
and Moderate or Severe CP groups, we found that the following genotypes showed associations
with: (i) Moderate CP: in rs3811046, it was observed that TG and GG genotypes were shown
to increase the susceptibility to moderate periodontal disease (TG, OR = 1.81; 95% CI=1.05 -
3.12; p = 0.03 / GG, OR=2.58; 95% CI=1.28 - 5.18; p = 0.008 / TG + GG, OR = 1.99; 95%
CI=1.18 - 3.32; p = 0.009); (i1) Severe CP: in rs2521634, it was observed that AA genotype
was shown to increase the risk to severe CP (OR = 2.34; 95% CI=1.19 — 4.59; p = 0.01).
However, considering the Bonferroni correction, those differences lack the significance (p <

0.007).

3.3.  Sex-specific effects of gene polymorphisms on periodontal disease

We further analyzed the association between gene polymorphisms and CP by sex (Table
5). Women carrying the rs3811046 SNP (heterozygous or homozygous for the minor allele) are
more susceptible to develop moderate CP, especially women carrying the homozygous
genotype, since the results were statistically significant after Bonferroni correction (GG, OR =
4.02; CI: 1.65 — 9.80; p = 0.002 / TG, OR = 2.16; CI: 1.02 — 4.58; p = 0.04). The sex-specific

OR to GG genotype were 1.19 for men, but this result was not significant.
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The opposite sex-specific effect was observed for the rs2521634 SNP. Men who carried
the rs2521634 (homozygote for the minor allele) may are more prone to develop severe CP (OR

=3.61; CI: 1.11 — 11.76; p = 0.03). The same effect wan not verified for women.

3.4.  Association of periodontal parameters with gene polymorphisms

Instead of just performing only the binary analysis (case / control), we also analyzed the
effects of these 7 genetic variants on periodontal parameters (Table 6). The direction of the
regression coefficient () represents the effect of each genotype increasing (+) or decreasing
(—) the percentage of sites with bleeding on probing, in interproximal periodontal pockets depth
with Smm (PPDi > 5 mm) or more and interproximal clinical attachment loss with 6 mm (CALi
> 6 mm) or more, that means more severity of CP. We observed that regarding the rs2521634
SNP the homozygous genotype for the rare allele (AA) was positively associated with higher
percentage of PPDi > 5 mm (B = 4.91, p = 0.004). In addition, we also found that patients
carrying the homozygous variant for the rs2521634 SNP and the rs3811046 SNP were
positively, associated with higher percentage of bleeding on probing (AA,  =8.18; p =0.02 /
GG, B=5.95; p=0.03, respectively); and higher percentage of sites with CALi > 6mm (AA,
=3.27;p=0.04/ GG, B=2.93; p = 0.02, respectively), but not statistically significant after the

Bonferroni correction.

4. Discussion

Genetic association studies based on the candidate-gene or genome-wide approach to
search for the statistical correlation between genetic variants and a pathophysiologic trait have
made important strides in developing numerous diagnostic and therapeutic strategies for various
kinds of human diseases (Su et al., 2015a). In this present study, we selected SNPs previously
associated with CP in other populations by GWAS or bioinformatic approaches in order to
validate those results in a Brazilian population. For the first time, we demonstrated the
validation of the association between the rs2521634 SNP, close to the NPY gene, and the
rs3811046 SNP in the intronic region of the /L37 gene and increased risk to moderate and severe
chronic CP in a Brazilian population.

The validated rs2521634 SNP is an intergenic SNP, located on 47 Kb downstream from
the NPY gene at the 7p15 locus (Divaris et al., 2013). This SNP was firstly associated with
severe CP (OR = 1.47; 95% CI = 1.25-1.73; p-value = 1.6 x 10) in a cohort of 4504 European

Americans (EA) participating in the Atherosclerosis Risk in Communities (ARIC) study
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through GWAS (Divaris et al., 2013). Subsequently, the NPY locus (rs2521634 SNP) was
highlighted by a gene-centered reanalysis of ARIC, and the results obtained by Rhodin et al.
(2014) showed association with chronic severe periodontitis (Rhodin et al., 2014), in agreement
with Divaris et al. (2013). Interestingly, in a Japanese population investigated by GWAS, it was
not found significant association between the rs2521634 SNP close to the NPY gene and

periodontitis (Shimizu et al., 2015).

In the present study, even after the multiple logistic regression and the Bonferroni's
correction, the rs2521634 SNP was positively associated with higher percentage of sites with
PPDi > 5 mm. This SNP was also associated with higher percentage of sites with bleeding on
probing and CALi > 6 mm, although not statistically significant after the Bonferroni correction.
The NPY protein levels, recently investigated by Haririan et al. (2017) on the saliva of patients
with CP, were significantly correlated with the clinical parameters of the mean CAL (r = 0.29,
p <0.05), bleeding on probing (r = 0.29, p <0.05) and the number of teeth with PPD > 5 mm (r
=0.34, p <0.005) (Haririan et al., 2017).

Neuropeptide Y (NPY) is a potent vasoconstrictor which is co-localized with
noradrenaline in the sympathetic nervous system (Lundberg et al., 1985). NPY has been shown
to have several roles including modulation of the immune response, angiogenesis, suggesting a
role in tissue development and repair (Bedoui et al., 2003, Zukowska et al., 2003, Pedrazzini et
al., 2003, Lundy and Linden, 2004). Evidence for NPY-mediated effects on immune cells has
arisen from studies showing the presence of NPY-positive nerves fibers in direct contact with

immune cells (Wheway et al., 2007).

NPY is the most abundant neuropeptide in bone and has recently been shown to have a
role in maintaining the balance between hard tissue formation and resorption, processes that are
relevant to the periodontal metabolism (Ahmed et al., 1994, Haug and Heyeraas, 2006). There
is a significantly lower production of NPY in bone after sympathectomy, and it is follow by
increased osteoclast number and activity (Haug and Heyeraas, 2003). NPY is therefore
potentially important in the coordination of inflammation and bone metabolism, both of which
are central to the pathogenesis of periodontal disease (Lundy et al., 2009). Altogether, NPY
have been shown to be associated with blood vessels in the periodontal ligament, suggesting a
role for this molecule in regulating blood flow in this region (Kato et al., 1996). Besides that,
NPY is present in gingival crevicular fluid (GCF), an immunologically relevant exudate of the
gingival crevice. The NPY level is significantly higher from healthy periodontal sites compared

with periodontitis sites (Lundy et al., 2009). This indicates a possible role for NPY in
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periodontal health and disease, since it is known that NPY is bound and recognized by receptors
on immune cells. Multiple signaling systems are likely to be involved in the pathogenesis of
periodontitis which is a complex disease, and NPY, which is predominantly anti-inflammatory,
may have an important role in the maintenance of periodontal health. In contrast, higher levels
of NPY were found in the saliva of patients with aggressive and chronic periodontitis compared
to healthy patients (Haririan et al., 2017). The authors suggest that substances with anti-
inflammatory activities are released in abundance in periodontal disease to reestablish a healthy

state, and this would also apply to NPY.

After a paper published of GWAS in a cohort of 4910 Caucasians as the dental part of
ARIC study (Divaris et al., 2013), the GWAS data from this population was re-analyzed.
Instead of using clinical measurements (bleeding on probing, probing depth, or attachment loss)
used to diagnose chronic periodontitis as the phenotype, that new analysis focused on
biomarkers of inflammation to define pro-inflammatory phenotype. The upper quartile of IL-
1B concentration in GCF was used to define the pro-inflammatory phenotype. the study was
recently conducted (Kim, 2017) and it is in preparation to submission to be published. Those
authors looked into 2.5 million SNPs in 22 somatic chromosomes and the re-analysis identified
a SNP (rs3811046) within the coding region of the anti-inflammatory gene Interleukin-37
(IL37), with significant association with high levels of GCF-IL-18 (p-value of less than 1x10
21), This locus is not only strongly associated with high local IL-18 levels, but it is also

associated with more severe periodontal disease (Kim, 2017).

Noteworthy, in the investigated Brazilian population the rs3811046 SNP was
statistically associated to moderate CP before correction for covariates (p=0.004, Table 3).
Considering the multiple logistic regression, the same SNP was associated with moderate CP
(Table 4) and with higher percentage of sites with bleeding on probing and CALi > 6mm (Table
6).

In an alternative analysis, the association of polymorphisms regarding chronic
periodontitis was explored by stratification for gender. Although there is no well-established
evidence of a differential susceptibility of CP between males and females, in several different
populations males had presented worse periodontal health compared with females (Albandar,
2002). There are some studies showing a sex-specific CP susceptibility, since the dimorphic
role of some polymorphisms in humans was demonstrated as associated with complex diseases,
including CP (Chen et al., 2014, Anovazzi et al., 2010, Meisel et al., 2002, Ericson et al., 2013,

Gbadoe et al., 2016). A gender differential in gene transcription is necessary as males and
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females use a similar genome to achieve distinct phenotypes (Rinn and Snyder, 2005). It has
been suggested that gender-biased differences in gene transcription may particularly occur in
tissues with multifarious physiological roles, and gene-ontology analysis identified that
immune response genes were differentially expressed between males and females (Rinn et al.,
2004). Clinical experience confirms the influence of sex hormones on the pathogenesis and
expression of many diseases, and the observed sex-specific differences suggest that of sexual
hormones may be affect, at least in part, the association between polymorphisms and

periodontal disease (Meisel et al., 2002).

The present study showed a weak sex-specific effect between the rs2521634 SNP close
to the NPY gene and severe CP, after the Bonferroni correction, since men who carry the
homozygote for the minor allele genotype (AA) may be more prone to develop severe CP (p =
0.03, Table 5). Interestingly, sex-dependent effects of NPY were previously described in human
and mice (Freitag-Wolf et al., 2014, Forbes et al., 2012, Painsipp et al., 2011). Ten SNPs in
strong linkage disequilibrium, upstream to the NPY gene, suggested gene—sex interaction with
respect to the risk for aggressive periodontitis on a genome-wide scale in German/Austrian
population (Freitag-Wolf et al., 2014). A different SNP (rs198712) than the studied in this
present study showed strongest association in interaction (p = 5.4 x10°) with odds ratios in
males and females of 1.63 and 0.69 respectively. This study enrolling Brazilian individuals
demonstrated a sexually dimorphic role of alleles at the rs2521634 SNP close to the NPY gene
in humans and support previous genome-wide findings of a role of the NPY in the severe CP.
Concerning the SNP investigated in the /L37 gene, to our knowledge, this study, even after de
Bonferroni's correction, is the first to observe a sexually dimorphic potential role of /L37 in
humans in regard to CP. Yan et al. (2015) investigated the same SNP, and after gender
stratification the authors observed that this polymorphism was significantly associated with a
decreased risk of Graves’ disease in female patients (G allele, p-value =0.03, OR =0.777) (Yan
et al., 2015). Intriguingly, the same SNP has opposite sex-specific effect in the two diseases.
While an increased risk for CP was observed for women in this present study, females presented

a reduction in risk for Graves' disease.

The IL-37, also known as IL-1F7, is the most recently described member of the IL-1
cytokine family (Kumar et al., 2000). It is a potent anti-inflammatory cytokine, produced by
peripheral blood mononuclear cells, monocytes, dendritic cells, plasma cells and epithelial cells
in different tissues that inhibits innate inflammatory responses (Nold et al., 2010, Boraschi et

al., 2011). Under normal conditions IL-37 attenuates the innate immune response to TLR
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agonists to include suppression of pro-inflammatory cytokines (IL-18, TNF-a., IL-6, IL-17 and
IFN-y) (Boraschi et al., 2011). In addition to its inhibitory effect on innate immunity; IL-37
plays a pivotal role in regulating adaptive immunity by inducing regulatory T cells and
impairing effector T-cell functions (Luo et al., 2014). In bacterial infections, IL-37 inhibits
infection-induced inflammation. These findings indicate that IL-37 plays an essential role in a
negative-feedback system to control excessive inflammation, but its role in host
susceptibility/resistance to infectious diseases is not yet completely understood (Nold et al.,

2010).

There is only one study that investigated the gingival crevicular fluid (GCF), salivary
and plasma levels of IL-37 in individuals with chronic periodontitis and in systemically
periodontally healthy control individuals (Saglam et al., 2015). The total amounts of IL-37 in
GCF and the salivary and plasma were similar in the control and periodontal disease sites. In
the light of these findings, it seems that IL-37 is not involved in periodontal disease. However,
polymorphisms in this gene, like the rs3811046, may be involved in the regulation of the IL-37

protein.

This study has some potential limitations. The genes investigated in this study present
more than one SNP and it might be interesting to evaluate whether other genetic SNPs and
possible haplotypes play a role in subjects with CP. The true association may be missed, or the
true causal SNPs may be located in other regions of the seven studied genes, including SNPs in
the vicinity. The individuals in the two groups were not matched for important risk factors, i.e.
age and smoking status. Another limitation of this study was that, confounders (i.e. sex, age and
smoking status) were controlled for this study using multinomial logistic regression. However,
it is possible that results may be confounded by other factors not included in the model, such as
lipid profile, alcohol, body mass index, nutritional status and education of each participant.
There is a well-known limitation of the logistic regression model in general, as it can describe
only multiplicative effects of odds ratios (Witte and Greenland, 1997). The ethnically admixed
Brazilian population is other limitation. Therefore, the individuals have not been stratified into
ethnic groups or skin color due to the remarkable miscegenation of the Brazilian population.
Parra et al. (2003) does not recommend grouping Brazilians into ethnic groups based on skin
color and other physical characteristics associated with racial divisions (Parra et al., 2003).
Brazilian individuals classified as ‘white’ or ‘black’ have significantly overlapping genotypes
considered race-associated loci for Caucasians, Africans and Indigenous people. Brazilians

form one of the most heterogeneous populations in the world, resulting of the 5 centuries of
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interethnic crosses between Europeans (mainly Portuguese colonizers and Italian immigrants),
Africans (brought to Brazil as slaves) and the autochthonous Amerindians (Alves-Silva et al.,
2000). In the present study, all the patients and controls were selected from the same
geographical area (Araraquara region, Sdo Paulo State, Southeast of Brazil) and were of the

same socio-economic status.

In this study, it was observed that a specific factor, i.e. sex, masked the genetic effect in
a way that the genetic influence could be observed only in one of the sexes. This showed that
adding an interaction term towards a more comprehensive model attempting to describe more
precisely the interplay of environmental and genetic factors. In spite of these limitations, the
present study shows consistent and relevant evidence on the validation in a Brazilian population
of GWAS loci for CP. It is expected that a GWAS loci could be validated in ethnic diverse
populations, since this give useful genetic information that would be invaluable in identifying

CP high-risk individuals intending the development of periodontal disease.

Further studies are necessary to investigate the functional role of the validated SNPs in
the periodontal disease context, and whether there is influence of gender in their transcriptional
or translational levels. Moreover, although the number of Brazilian subjects enrolled in this
study permitted the statistical power, it is suggested to investigate the same genetic variants in
larger sample sizes of both Brazilians from different regions of the country, as well of multiple
ethnic populations of the world, in agreement with Laine et al (2014). Also, it is important to
use mathematical modeling of the various causative factors to further explore the complexity

of periodontitis (Laine et al., 2014).

In conclusion, here we validated for a Brazilian population the association of the
rs2521634 and the rs3811046 SNPs, previously found by GWAS, with increased risk to
moderate and severe chronic CP. These results also support the hypothesis that NPY and IL37
polymorphisms might play a role on the genetic profile predisposing to periodontal disease, and
the risk is sex-specific. Functional analyses of the role of these polymorphisms and possible
existence of confident haplotypes useful in the diagnosis of susceptible CP individuals might

contribute with the better understanding of the pathogenic process.
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Table 1. Information for 7 genotyped polymorphisms and assays

Cytogenetic Closest gene(s) and

SNP Assay ID Allele MAF HWE Call rate (%)*
Band position or distance
rs187238 C__ 2408543 10  11q23.1d IL 18 (intronic) CIG G|G 0.06 0.69 97.62
rs352140 C__ 2301954 20 3p21.2a TLR9 (exonic) CIT T|T 023 0.16 96.49
ANKRD304 (529 Kb);
rs1360573 C__ 8858561 20 10pll.2la AlG G|G 0.05 0.55 95.79
FZD8& (956 Kb)
rs2521634 C__ 15891260 10 Tpl15.3b NPY (47Kb) AlG AJA 0.07 0.66 95.65
rs3811046 C_ 27487174 10 2ql3d IL37 (intronic) GT G|G 0.14 0.55 97.76
rs3826782 C__ 27506722 10 19p13.3a EMR] (intronic) AlG AJA 0.01 0.26 96.77
1s7762544 C_ 29802770 10 6p2l.1g NCR2 (61Kb) AlG  G|G 0.05 0.99 96.21

MAF, minor allele frequency (in this study); HWE, Hardy—Weinberg equilibrium.
*Represents the amount of genotyping performed with success, in percentage, for OpenArray™ plate.



Table 2. Comparison of demographic characteristics and periodontal parameters (comparisons performed by Student’s

t or chi-square test)
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Chronic periodontitis

No/Mild Moderate + Severe Moderate Severe
n=356 n=358 n=89 n=269
Demographic Characteristics

Age (mean £ SD)* 43.6 (=11.0) 49.1 (£9.3)* 42.9 (£6.6) 51.2 (£9.2)*
Sex, n (%)

Males 115 (32.3) 146 (40.8) 39 (43.8) 107 (39.8)

Females 241 (67.7) 212 (59.2) 50 (56.2) 162 (60.2)
Smoking, n (%)

Never 275 (77.3) 229 (64.0)* 66 (74.2)* 163 (60.6)*

Ever 81 (26.7) 129 (36.0) 23 (25.8) 106 (39.4)

Periodontal Parameters**

Number of teeth 25.5 (£3.5) 22.8 (#4.5) 23.8 (#4.3) 22.5 (+4.6)
Visible plaque (% of sites) 24.7 (£20.0) 45.7 (£28.2) 41.0 (£28.7) 47.2 (£27.9)
Marginal bleeding (% of sites) 8.6 (£11.6) 20.0 (£23.3) 19.8 (£23.9) 20.0 (£23.2)
BOP (% of sites) 3.2 (x4.9) 40.2 (£23.2) 23.2 (£16.8) 45.8 (£22.3)
PPDi < 4mm (% of sites) 99.3 (£0.3) 86.8 (£14.2) 96.0 (£6.6) 83.8 (£14.7)
PPDi > Smm (% of sites) 0.1 (x0.3) 13.2 (£14.2) 4.0 (£6.6) 16.2 (x14.7)
CALi <3mm (% of sites) 99.5 (£0.8) 68.3 (£21.5) 87.2 (£9.0) 62.1 (£20.8)
CALi = 4-5mm (% of sites) 0.5 (x0.8) 20.1 (=11.9) 11.6 (£8.6) 22.9 (£11.5)
CALi > 6mm (% of sites) 0.0 (x0.2) 11.6 (£14.1) 1.3 (£2.1) 15.0 (x14.7)

*p <0.05 comparing to No/Mild CP. **p < 0.001 for all periodontal parameters, comparing No/Mild versus Moderate,

Severe and Moderate + Severe CP.

Abbreviations: CP, chronic periodontitis; BOP, bleeding on probing; PPDi, interproximal probing pocket depth; CALI,
interproximal clinical attachment level.



Table 3. Alleles and genotype distribution of the 7 SNPs in the studied individuals (performed by chi-square test)
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Periodontal Disease, n (%)

72 (p -value)®

Allele / Genotype No/Mild Moderate + Severe Moderate Severe a b c
(C>G) rs187238

C/G 504 (72.83) /188 (27.17) 533 (76.14) /167 (23.86, 133 (77.33) /39 (22.67)400 (75.76) / 128 (24.24) 0.16 023 0.25

cc 185 (53.47) 197 (56.29) 50 (58.14) 147 (55.68)

CG 134 (38.73) 139 (39.71) 33 (38.37) 106 (40.15) 0.10 0.35 0.18

GG 27 (7.80) 14 (4.00) 3(3.49) 11 (4.17)

CC/CG+GG  185(53.47)/161 (46.53) 197 (56.29) /153 (43.71} 50 (58.14) /36 (41.86) 147 (55.68) /117 (44.32) 046 044 059

CC+CG/GG 319 (92.20) /27 (7.80) 336 (96.00) /14 (4.00) 83 (96,51)/3(3.49) 253 (95.83)/11 (4.17) 0.03 0.16 0.07
(C>T) rs352140

C/T 336 (49.12) /348 (50.88) 378 (54.62) /314 (45.38} 93 (53.45) /81 (46.55) 285 (55.02) /233 (44.98) 0.04 031 0.04

CcC 76 (22.22) 106 (30.64) 25 (28.74) 81 (31.27)

CT 184 (53.80) 166 (47.98) 43 (49.43) 123 (47.49) 0.04 0.44 0.04

TT 82 (23.98) 74 (21.39) 19 (21.84) 55(21.24)

CC/CT+TT 76 (22.22) /266 (77.78) 106 (30.64) /240 (69,36, 25 (28.74) /62 (71.26) 81 (31.27) /178 (68,73) 0.01 020 0.01

CC+CT/TT 260 (76.02) / 82 (23.98) 272 (78,62) /74 (21.39) 68 (78.16) /19 (21.84) 204 (78.76) /55 (21.24) 042 0.67 043
(A>G) rs1360573

A/G 532(78.24) /148 (21.76) 514 (74.93) /172 (25.07,139 (79.89) / 35 (20.11)375 (73.24) / 137 (26.76) 0.15 0.64 0.04

AA 204 (60.00) 192 (55.98) 57 (65.52) 135 (52.73)

AG 124 (36.47) 130 (37.90) 25 (28.74) 105 (41.02) 0.23 030 0.11

GG 12 (3.53) 21 (6.12) 5(5.75) 16 (6.25)

AA/AGHGG 204 (60.00) / 136 (40.00) 192 (55.98) /151 (44.02) 57 (65.52) /30 (34.48) 135 (52.73) /121 (47.27) 0.29 0.35 0.08

AA+AG/GG 328 (96.47)/12 (3.53) 322 (93.88) /21 (6.12) 82(94.25)/5(5.75) 240 (93.75) /16 (6.25) 0.11 035 0.12
(G>A) 152521634

G/A 529 (77.34) /155 (22.66) 482 (70.88) /198 (29.12) 126 (73.26) / 46 (26.74)356 (70.08) / 152 (29.92)  0.006* 0.26 0.005*

GG 206 (60.23) 173 (50.88) 45 (52.33) 128 (50.39)

AG 117 (34.21) 136 (40.00) 36 (41.86) 100 (39.37) 0.03 0.39 0.02

AA 19 (5.56) 31(9.12) 5(5.81) 26 (10.24)

GG/GA+AA 206 (60.23) /136 (39.77) 173 (50.88) /167 (49.12} 45 (52.33) /41 (47.67) 128 (50.39) / 126 (49.61) 0.01 0.18 0.02

GG+GA/AA 323 (94.44) /19 (5.56) 309 (90.88) /31 (9.12) 81(94.19)/5(5.81) 228(89.76) /26 (10.24) 0.07 0.92 0.03
(T>G) rs3811046

T/G 457 (65.86) /237 (34.15) 428 (61.14) /272 (38.86) 94 (54.02) / 80 (45.98) 334 (63.50) /192 (36.50) 0.07 0.004* 0.39

TT 153 (44.09) 136 (38.86) 25 (28.74) 111 (42.21)

TG 151 (43.52) 156 (44.57) 44 (50.57) 112 (42.59) 0.19  0.02 0.60

GG 43 (12.39) 58 (16.57) 18 (20.69) 40 (15.21)

TT/TG+tGG 153 (44.09) /194 (55.91) 136 (38.86) /214 (61.64, 25 (28.74) /62 (71.26) 111 (42.21) /152 (57.79) 0.16 0.01 0.64

TT+TG/GG 304 (87.61) /43 (12.39) 292 (83.43) /58 (16.57) 69 (79.31) /18 (20.69) 223 (84.79) /40 (15.21) 0.12  0.05 0.32
(G>A) rs3826782

G/A 620 (90.38) / 66 (9.62) 620 (89.34) / 74 (10.66) 156 (89.66) / 18 (10.34) 464 (89.23) /56 (10.77) 0.52  0.77 0.51

GG 282 (82.22) 278 (80.12) 71 (81.61) 207 (79.62)

AG 56 (16.33) 64 (18.44) 14 (16.09) 50 (19.23) 0.76 0.86 0.94

AA 5(1.46) 5(1.44) 2 (2.30) 3(1.15)

GG/GA+AA 282 (82.22) /61 (17.78) 278 (80.12) /69 (19.88) 71 (81.61) /16 (18.39) 207 (79.62) /53 (20.38) 0.48 090 042

GG+GA/AA 338 (98.54) /5 (1.46) 342 (98.56)/5(1.44) 85(97.70)/2(2.30) 257 (98.85)/3 (1.15) 0.99 0.58 0.75
(A>G) 157762544

A/G 529 (77.11) /157 (22.89) 521 (75.95) /165 (24.05, 130 (75.58) / 42 (24.42)391 (76.07) / 123 (23.93) 0.61 0.67 0.67

AA 204 (59.48) 196 (57.14) 48 (55.81) 148 (57.59)

AG 121 (35.28) 129 (37.61) 34 (39.53) 95 (36.96) 0.81 0.76  0.89

GG 18 (5.25) 18 (5.25) 4 (4.65) 14 (5.45)

AA/AGtGG 204 (59.48) /139 (40.52) 196 (57.14) /147 (42.86) 48 (55.81) /38 (44.19) 148 (57.59) /109 (42.41) 0.54 0.54 0.64

AA+AG/GG 325 (94.75) /18 (5.25) 325 (94.74) /18 (5.25)  82(95.35) /4 (4.65) 243 (94.55) /14 (5.45) 1.00  0.82 0.91

*The p-value was estimated by chi-square test, comparing No/Mild versus Moderate + Severe PD (a); Moderate PD (b); Severe PD (c).

Bold font indicates p < 0.05; *indicates statistical significance after Bonferroni correction (p <0.007).

Abbreviations: PD, periodontal disease.
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Table 4. Adjusted OR and 95% CI for association among SNPs and moderate / severe CP (performed by multiple logistic

regression analysis)

No/Mild verus No/Mild versus No/Mild versus
Moderate + Severe CP Moderate CP Severe CP
Adjusted OR? Adjusted OR? Adjusted OR?
Allele / Genotype p-value p-value p-value
(95% CI) (95% CI) (95% CI)
(C>G) rs187238
CC 1.00 1.00 1.00
CG 0.89 (0.65 - 1.24) 0.51 0.94 (0.57-1.54) 0.80 0.87 (0.60-1.25) 0.44
GG 0.55(0.28 - 1.11) 0.10 0.41(0.12-1.42) 0.16 0.65(0.30-1.41) 0.27
CC/CG+GG 0.84 (0.61 - 1.15) 0.28 0.85(0.52-1.37) 0.50 0.83 (0.59-1.18) 0.31
(C>T) 15352140
CC 1.00 1.00 1.00
CT 0.74 (0.51 - 1.08) 0.12 0.71 (0.41 -1.26) 0.24 0.76 (0.50 - 1.16)  0.20
TT 0.68 (0.43 - 1.07) 0.09 0.69 (0.35-1.36) 0.28 0.66 (0.40-1.09) 0.11
CC/CT+TT 0.72 (0.50 - 1.03) 0.07 0.71 (0.41 -1.20) 0.20 0.73 (0.49-1.08) 0.12
(A>G) 151360573
AA 1.00 1.00 1.00
AG 1.09 (0.78 - 1.51) 0.61 0.73(0.43-1.24) 0.25 1.26 (0.87 -1.81) 0.22
GG 1.65 (0.78 - 3.52) 0.19 1.42 (0.47-4.24) 0.53 1.76 (0.77 -3.99) 0.18
AA/AGHGG 1.14 (0.83 - 1.60) 0.41 0.80(0.49-1.31) 0.37 1.31(0.92-1.86) 0.14
(G>A) rs2521634
GG 1.00 1.00 1.00
AG 1.25(0.90 - 1.75) 0.19 1.45(0.88-2.39) 0.14 1.18 (0.81-1.72) 0.38
AA 1.95 (1.04 - 3.66) 0.04 1.20(0.42-3.41) 0.73 2.34 (1.19-4.59) 0.01
GG/GA+AA 1.35(0.98 - 1.85) 0.07 1.41 (0.88-2.29) 0.16 1.33(0.94-1.90) 0.11
(T>G) 3811046
TT 1.00 1.00 1.00
TG 1.15(0.82 - 1.62) 0.40 1.81 (1.05-3.12) 0.03 0.95(0.66 -1.39) 0.81
GG 1.59 (0.99 - 2.56) 0.06 2.58 (1.28 -5.18) 0.008 1.25(0.73-2.12) 0.42
TT/TG+GG 1.25(0.91 - 1.72) 0.17 1.99 (1.18 - 3.32)  0.009 1.02 (0.72-1.45) 0091
(G>A) 133826782
GG 1.00 1.00 1.00
AG 1.13 (0.74 - 1.70) 0.57 0.99 (0.52-1.88) 0.97 1.15(0.73 -1.81)  0.55
AA 0.93 (0.25-3.41) 0.91 1.58 (0.30 - 8.38)  0.59 0.63 (0.14-2.87)  0.55
GG/GA+AA 1.11 (0.74 - 1.66) 0.61 1.04 (0.56 -1.91) 0.91 1.10 (0.71 - 1.71)  0.68
(A>QG) 137762544
AA 1.00 1.00 1.00
AG 1.11 (0.80 - 1.54) 0.55 1.23(0.74-2.01) 0.43 1.13(0.78 -1.64) 0.52
GG 1.07 (0.53 - 2.19) 0.84 1.02 (0.33-3.17) 0.98 1.06 (0.49 -2.31) 0.88
AA/AGHGG 1.10 (0.80 - 1.52) 0.54 1.19(0.74-1.93) 0.47 1.12 (0.79 - 1.60)  0.53

"The OR with 95% CI were estimated by multiple logistic regression models after controlling for age, sex and smoking.
Bold font indicates p < 0.05. There is no statistical significance after Bonferroni correction (p < 0.007).
Abbreviations: CP, chronic periodontitis; OR, odds ratio; CI, confidence interval.
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Table 5. Adjusted OR and 95% CI for association among SNPs and moderate / severe CP by sex (performed by

multiple logistic regression analysis)

No/Mild versus No/Mild versus No/Mild versus
Moderate + Severe CP Moderate CP Severe CP
Adjusted OR? Adjusted OR? Adjusted OR?
Allele / Genotype p-value p-value p-value
(95% CI) (95% CI) (95% CI)
(G>A) rs2521634
Male
GG 1.00 1.00 1.00
AG 1.27 (0.72-2.24) 0.40 1.50 (0.68 -3.31) 0.31 1.20 (0.63 -2.27)  0.58
AA 3.12 (1.04-9.40) 0.04 2.34 (0.50 - 10.87) 0.28 3.61 (1.11-11.76) 0.03
Female
GG 1.00 1.00 1.00
AG 1.28 (0.85-1.95) 0.24 1.42 (0.75-2.70) 0.29 1.24(0.78 -1.97)  0.37
AA 1.51 (0.69 -3.34) 0.31 0.73 (0.16 - 3.41)  0.69 1.88 (0.81-4.37) 0.14
(T>G) 13811046
Male
TT 1.00 1.00 1.00
TG 1.04 (0.59-1.83) 0.89 1.41 (0.63 -3.16) 0.41 0.87 (0.46 -1.65) 0.68
GG 0.94(0.42-2.13) 0.88 1.19(0.36 -3.90) 0.77 0.76 (0.31 -1.88) 0.56
Female
TT 1.00 1.00 1.00
TG 1.22 (0.80-1.87) 0.36 2.16 (1.02 -4.58) 0.04 1.00 (0.63 - 1.60) 0.98
GG 2.04 (1.13 -3.68) 0.02 4.02 (1.65-9.80) 0.002* 1.58 (0.81 -3.06) 0.18

"The OR with 95% CI were estimated by multiple logistic regression models after controlling for age and smoking.
Bold font indicates p < 0.05. *indicates statistical significance after Bonferroni correction (p < 0.007).
Abbreviations: CP, chronic periodontitis; OR, odds ratio; CI, confidence interval.
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Table 6. Regression coefficient and 95% CI for effects of SNPs in periodontal parameters (performed by multiple linear

regression analysis)

Bleeding on probing PPDi > Smm CALi > 6mm
(% of sites) (% of sites) (% of sites)
adjusted pB* adjusted p* adjusted pB*
Allele / Genotype p-value p-value p-value
(95% CI) (95% CI) (95% CI)

(C>G) 15187238

CC 1.00 1.00 1.00

CG -0.85(-4.59-2.88) 0.65 0.04 (-1.78 -1.87)  0.96 -0.38 (-2.10-1.34)  0.67

GG -2.63 (-10.37-5.11) 0.51 0.01 (-3.78 -3.80)  1.00 -1.25(-4.82-2.33) 0.49
(C>T) 15352140

CC 1.00 1.00 1.00

CT -3.85(-8.15-0.45) 0.08 -1.17 (-3.29-0.95) 0.28 -1.18 (-3.17-0.82) 0.25

TT -4.74 (-9.85-0.37)  0.07 -1.89 (-4.41-0.63) 0.14 -2.14 (-4.51-0.23) 0.08
(A>G) 151360573

AA 1.00 1.00 1.00

AG 3.01 (-0.75-6.76)  0.12 1.52 (-0.29-3.34) 0.10 0.77 (-0.91 -2.46)  0.37

GG -1.40 (-9.89-7.08) 0.75 2.11 (-2.00-6.22)  0.31 1.21 (-2.60-5.01) 0.53
(G>A) 152521634

GG 1.00 1.00 1.00

AG 0.46 (-3.33-4.25)  0.81 1.42 (-0.41-3.25) 0.13 1.25(-0.45-2.95) 0.15

AA 8.18 (1.19-15.17)  0.02 4.91 (1.54 - 8.28) 0.004* 3.27 (0.14 - 6.40) 0.04
(T>G) 133811046

TT 1.00 1.00 1.00

TG -0.72 (-4.56-3.12)  0.72 -0.38 (-2.26 - 1.51)  0.70 -0.87 (-2.64-0.90) 0.33

GG 5.95(0.55-11.35) 0.03 2.08 (-0.57-4.73)  0.12 2.93 (0.44 - 5.42) 0.02
(G>A) 153826782

GG 1.00 1.00 1.00

AG 0.89 (-3.80-5.59) 0.71 0.12 (-2.15-2.40) 0.92 -0.47 (-2.57-1.64) 0.66

AA -4.90 (-19.79-9.98) 0.52 2.41 (-4.80-9.63) 0.51 0.79 (-5.88 -7.45)  0.82
(A>G) 157762544

AA 1.00 1.00 1.00

AG -0.54 (-4.31-3.23) 0.78 -0.38 (-2.20-1.45) 0.68 -0.25(-1.94-1.44) 0.77

GG -1.15(-9.28-6.98)  0.78 -0.60 (-4.54-3.34) 0.77 -0.71 (-4.36-2.93) 0.70

"The regression coefficient with 95% CI were estimated by multiple linear regression models after controlling for age.

sex and smoking.

Bold font indicates p < 0.05. *indicates statistical significance after Bonferroni correction (p < 0.007).

Abbreviations: 3, regression coefficient; CI, confidence interval;, PPDi, interproximal probing pocket depth; CALI,

interproximal clinical attachment level.
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4 DISCUSSAO GERAL

O presente estudo realizou pela primeira vez uma metanalise investigando a relacio
entre dislipidemia e periodontite cronica (PC), examinando os niveis séricos de parametros
lipidicos. Embora muitos estudos tenham investigado esta relacdo, nenhuma metanalise foi
realizada até o momento. As questdes importantes voltadas para saude geralmente sdo
estudadas por diferentes grupos de pesquisa em diferentes populagdes. Em muitos casos, os
resultados desses multiplos estudos sdo diferentes e conflitantes, o que dificulta a tomada de
decisdes clinicas. A necessidade de chegar a decisdes que afetam a pratica clinica promoveu o

H7.18 ~ Portanto, a metanalise, um

impulso para a "medicina baseada em evidéncias"
procedimento estatistico que integra os resultados de varios estudos independentes,
desempenha um papel central na medicina baseada em evidéncias ''°. Na verdade, na hierarquia

da evidéncia clinica, as metandlises estdo no topo.

Embora a intencdo de uma metanalise seja encontrar e avaliar todos os estudos que
atendam aos critérios de inclusdo, nem sempre ¢ possivel obté-los. Uma preocupagdo critica
nas metanalises voltadas para Periodontia sdo os diferentes critérios clinicos utilizados para
classificagdo da doenga periodontal . Estudos epidemiologicos da PC sdo complicados pela
diversidade de defini¢des e medidas utilizadas para descrever e quantificar essa doenca. A
heterogeneidade nos critérios de diagnostico periodontal apresentou-se claramente nesta
revisdo sistematica. Alguns autores utilizaram critérios bem definidos, incluindo
principalmente por Page e Eke '2° ou Russell 2!, No entanto, certos estudos utilizaram critérios
proprios, com base em dados clinicos (por exemplo, profundida de sondagem média,
porcentagem de sitios com um certo limiar de perda inser¢do clinica ou perda Ossea
radiografica) ou mesmo auto-relatos de pacientes. Isso demostra as dificuldades de se ter um
critério universalmente aceito para diagndstico da periodontite '2*123, Na tentativa de reduzir
esse viés, na metanalise aqui apresentada, separamos os estudos em dois grupos (que utilizaram
critérios seguros e inseguros para diagnostico da PC) de acordo como descrito previamente por

Nibali et al. ' (APENDICE A).

Existe uma forte necessidade de futura uniformidade nos estudos epidemiolégicos em
Periodontia. Tais estudos deveriam adotar critérios clinicos semelhantes para permitir que os
dados resultantes sejam comparados com aqueles obtidos de outros estudos '2*. Para refletir
verdadeiramente a atividade da doenca, o uso combinado de profundidade de sondagem (PS),

nivel de inser¢do clinico (NIC) e sangramento a sondagem (SS) devem ser considerados como
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varidveis a serem avaliadas em futuros estudos epidemiologicos 23,

Em nossos dois estudos caso-controle aqui presentes (Capitulos 2 e 3) os pacientes
foram classificados em dois diferentes grupos, de acordo com os critérios definidos pela

CDC/AAP (Centers for Disease Control and Prevention/ American Academy of

) 120 L. 119

Periodontology) '*°, um dos critérios definidos por Nibali et a como diagnostico seguro
para doenga periodontal (APENDICE A). Neste critério, duas defini¢des sdo fornecidas para
periodontite: uma para periodontite severa e outra para periodontite moderada. A defini¢cdo do
caso para a periodontite severa ¢ rigorosa para garantir que os pacientes identificados pela
definicdo tenham a doenga. A definicdo provavelmente exclui alguns casos genuinos de
periodontite. Para resolver este problema, as defini¢des de casos para periodontite moderada
destinam-se a detectar pacientes com periodontite menos severa. As medidas de NIC e PS sao
necessarias por varios motivos. Embora o NIC seja considerado uma medida mais precisa do
que a PS, o uso do NIC sozinho poderia incluir por engano alguns sitios periodontalmente
saudaveis porque a perda de inser¢do pode ocorrer por uma recessao gengival ndo inflamatéria
120 Além disso, um paciente com periodontite pode ser tratado com sucesso sem retorno do

NIC para o normal 124,

Recentemente, Offenbacher et al. '2° definiram o fenotipo da doenga periodontal como
tragos complexos usando andlise de componentes principais (PCA). Neste modelo de PCA
foram criados tragos complexos periodontais (periodontal complex traits - PCTs). Para esta
investigacdo, o PCA inclui a andlise de microrganismos periodontopatogénicos (oito
patdgenos), niveis do mediador inflamatério IL-1P no fluido crevicular gengival (GCF) e
classificagdo clinica da PC de acordo com os mesmos critérios utilizados por nos, da CDC /
AAP '2° ¢ foram identificados seis PCTs. Neste modelo, a doenga periodontal é um grupo de
condicdes bioldgicas distintas, que podem ter apresentacdes clinicas sobrepostas. O objetivo
desta andlise ¢ favorecer, principalmente para estudos genéticos, a identificacdo de loci
relacionados as caracteristicas biologicas e a patogénese da doenga periodontal, € ndo somente
a caracteristica clinica da doenga !?6. Essa analise, apesar de interessante, nio foi possivel ser
realizada em nosso estudo pois ndo foi realizada coleta de GCF e placa bacteriana dos pacientes

aqui avaliados.

Um outro importante fator a ser considerado em nossa metanalise que pode provocar
viés dos resultados ¢ a grande variedade de grupos étnicos-raciais envolvidos no estudo.
Existem muitos estudos que investigaram as diferencas raciais-étnicas na relagdo entre os

componentes do perfil lipidico '27-13°, No geral, existem diferengas importantes no perfil
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lipidico de acordo com a etnia, cujas causas sdo complexas. Dentre os possiveis contribuintes,

131" A metandlise em subgrupos de acordo com a etnia dos

incluem-se fatores genéticos
pacientes mostrou pequenas variagdes entre os continentes, mas ndo foram encontradas
diferencas estatisticamente significativas mesmo apOs a meta-regressdo. No entanto, estes
resultados foram altamente heterogéneos. Da mesma forma que ocorre em relacdo ao perfil
lipidico, os diferentes grupos étnicos, ou diferentes cores de pele, carregam diferentes
combinagdes de variantes genéticas. Para alguns pesquisadores a utilizagdo de “rétulos”
étnicos, raciais ou cores de pele sdo marcadores bioldgicos pobres associados a diferencas

enotipicas 132, porém a classificacdo étnica ainda pode explicar interacdes complexas entre
9

genética, meio ambiente, sociedade e outros fatores 3.

Entretanto, esta analise ¢ muito dificil de ser realizada no Brasil. Muitos estudos
genéticos em populacdes brasileiras ndo tem estratificado os pacientes em relacdo a cor da pele
134-137 " incluindo nossos 2 estudos caso-controle. A explicagdo para esta observagdo € que a
miscigenagdo caracteristica da populagao brasileira resultou de cinco séculos de cruzamentos
interétnicos entre europeus (principalmente colonizadores portugueses e imigrantes italianos),
africanos (trazidos para o Brasil como escravos) e indigenas 3%, Como todos os grupos étnicos

1 138

brasileiros podem apresentar algum grau de mistura racial '°°, e hd uma dissociagdo da cor da

139,140 - o5 individuos brasileiros incluidos no

pele individual e uma ascendéncia gendmica
presente estudo ndao foram distinguidos por caracteristicas étnicas ou cor da pele . Parra et al.
140 n3o recomenda o agrupamento de brasileiros em grupos étnicos com base em cores € outras
caracteristicas fisicas associadas a divisdes raciais. Os individuos brasileiros classificados como
"brancos" ou "negros" tém gendtipos significativamente sobrepostos considerando os loci
associados a raca para caucasianos, africanos e indigenas, provavelmente devido a
miscigenacdo '*°. Uma outra possibilidade mais sofisticada seria determinar a ascendéncia
gendmica de cada individuo, genotipando um conjunto de polimorfismos previamente
validados como marcadores informativos de ancestralidade (ou AIMs, do inglés ancestry
informative marker), polimorfismos de frequéncias alélicas substancialmente diferentes entre
as populacdes. Entretanto, a quantidade de marcadores necessarios para caracterizar
ancestralmente uma populagdo ¢ alvo de debate. Est4 técnica vem sendo utilizada em pesquisas

odontoldgicas no Brasil 141-143,

Apesar de ndo realizarmos a estratificagdo por cor de pele, ¢ muito importante que os
resultados encontrados em nossos estudos possam ser validados em outras regides do Brasil.

Estudos mostram que existem, apesar de pequenas, diferencas de ancestralidade em relagdo a
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cor da pele nas diferentes regides do Brasil '**. Em todas as regides estudadas, a ascendéncia
europeia era predominante, porém com propor¢des variando de 60,6% no Nordeste a 77,7% no
Sul %, Nos presentes estudos (Capitulos 2 e 3), todos os individuos (casos e controles) foram
selecionados da mesma area geografica e tinham o mesmo status socioecondmico. Assim,
compreende-se que os individuos analisados da regido de Araraquara, que ¢ central do Estado
de Sdo Paulo, no Sudeste do Brasil, sdo representativos da populagdo brasileira, uma vez que
possui proporgdes intermedidrias em relagdo as ascendéncias, quando comparado a outras
regides do Brasil 134144, Acredita-se que a tendéncia a longo prazo é que pessoas de cor de pele

140 Ou seja,

branca ou negra, tenham uma propor¢do similar de ascendéncia africana
comprovando que a cor de pele ndo ¢ representativa para os estudos genéticos enfocando a

populacdo brasileira.

Em nossa metanalise, apos a meta-regressdo, uma metanalise homogénea indicou que a
PC foi significativamente associada a uma redu¢do da HDL e elevacdo da concentragdo de LDL
e triglicerideos. O unico pardmetro estudado que ndo apresentou associacdo com a PC foi o
colesterol total. Isso pode ser justificavel pelo fato do colesterol total geralmente aumentar com
a idade e, normalmente, poucas alteragdes nos niveis ocorrem em pacientes com menos de 60
anos . Entretanto a média de idade dos pacientes neste estudo era menor que 60 anos. Os niveis
elevados de LDL e triglicerideos foram previamente associados a agdo das citocinas pro-
inflamatérias, como TNF e IL-1B, induzidas por microrganismos e suas endotoxinas 43146, No
presente estudo, observou-se associacdo entre os niveis elevados de LDL e triglicérides nos

pacientes com PC.

Foram investigados no Capitulo 2 deste estudo, dois genes importantes associados a
LDL: a Apolipoprotein B (APOB) e o Receptor de LDL (LDLR). ApoB ¢ uma apolipoproteina
primaria da LDL atuando no transporte constante de colesterol para tecidos e células periféricas
82 ApoB possui estruturas para ligar-se ao LDLR, que sdo receptores presentes em células. O
LDLR desempenha um papel fundamental na regulagdo do metabolismo do colesterol,
removendo o excesso de LDL no sangue *. Existem estudos relacionando as duas proteinas
e/ou seus respectivos genes a PC e bactérias periodontopatogénicas. Por meio de
imunohistoquimica foi mostrado que o estimulo de LPS de Porphyromonas gingivalis (P.g.)
durante 16 horas diminuiu os niveis de expressdo de LDLR nas células mesenquimais da
medula 6ssea e no tecido periodontal de ratos, em compara¢do com o grupo controle, sem a

147

estimulacdo com LPS bacteriano '*’. Estudos com P.g. também foram realizados em relag@o a

ApoB. Incubagdo de sangue total com P.g. resultou em proteolise e degradacdo de ApoB em
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LDL 48130 Curiosamente, o LDLR (que se liga a ApoB) no figado ndo reconhece LDL
modificado pela degradagdo de ApoB, resultando assim no acimulo de LDL na circulagdo 4.
A modificagdo de LDL induzida pela degradacdo seletiva da proteina ApoB por P.g. resulta em
particulas lipidicas agregadas que podem ser absorvidas por macréfagos e consequentemente
acelera a progressdo da aterosclerose em camundongos '°!. Além disso, ApoB, esta presente no
fluido crevicular gengival 2, Além disso, os niveis de ApoB no GCF sdo maiores em sitios
com periodontite do que nos sitios saudaveis *’; e os niveis de ApoB em sitios com doenga

diminuem apos tratamento periodontal com raspagem e alisamento radicular ¥’.

Uma vez que a PC estd associada a niveis plasmaticos de LDL mais elevados >3, e foi
relatado que os polimorfismos nos genes APOB e LDLR podem aumentar as concentragdes
plasmaticas de LDL, o artigo 2 teve como objetivo avaliar se esses polimorfismos contribuem
para a suscetibilidade para PC. Entretanto, demonstramos pela primeira vez que nenhum dos
quatro SNPs associados a dislipidemia nos dois genes estavam significativamente associados
aos pacientes brasileiros afetados pela PC. A publicacdo de resultados negativos, como os
encontrados em relagdo aos SNPs nos genes APOB e LDLR s3o muito importantes para a
literatura cientifica, inclusive para futuras metanalises. Um dos grandes problemas em
metanalises, incluindo a publicada nesta Tese (Capitulo 1) ¢ o viés de publicacdo relacionado
ao fato de existirem diversos resultados de pesquisa ndo publicados (como resultados
negativos). Ha uma boa razao para se preocupar com essa perda potencial, porque estudos com
resultados significativamente positivos sdo mais provaveis de serem publicados em comparagao

a estudos com resultados "negativos" ou sem associagdo com a doenga !5

O estudo da interagdo gene-fator ambiental ¢ importante para melhorar a precisdo na
avalia¢do de influéncias de ambos genética e fatores ambientais nas doengas. Uma compreensao
da interagdo gene-ambiente também tem implica¢cdes importantes para a saude publica. Ela
ajuda a prever as taxas de doengas e fornece uma base para recomendagdes de prevencao de
doengas %4, O efeito conjunto entre dois fatores pode ser medido em uma escala aditiva ou
multiplicativa. Embora exista um debate sobre qual escala deve ser utilizada, tem havido
consenso geral de que a escala aditiva ¢ mais adequada para avaliar as interagdes '>. Apesar
das interagdes entre genes e meio ambiente parecerem ser um andlise 6bvia a ser considerada,
testes de tais interagdes ainda ndo sio rotina em estudos genéticos '°°. Ha poucos estudos que
investigam estas interagdes associadas a periodontite cronica, particularmente com o tabagismo
153.157-139 Qs genotipos de risco em SNP do gene receptor de vitamina D (VDR) interagiram

sinergicamente com o tabagismo na susceptibilidade a PC '*°. Para o nosso conhecimento,
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existe apenas um estudo sobre a interacdo gene-ambiente com SNPs nos genes APOB e LDLR;
infelizmente, eles ndo eram os mesmos SNPs estudados neste presente estudo '¢°. As interagdes
gene-ambiente provavelmente serdo importantes para futuras estratégias de diagnostico,

progndstico e manejo da PC %,

Em relag@o ao Capitulo 3, dois genes previamente estudados em GWAS para PC foram
validados na populagdo brasileira. O gendtipo AA do SNP rs2521634 no gene NPY foi
associado com risco aumentado para PC severa (OR = 2,34; IC 95% = 1,19 - 4,59; p = 0,01).
Além disso, o0 mesmo genotipo foi associado a maior porcentagem de profundidade de
sondagem interproximal (PSi) > Smm (f = 4,91, p = 0,004). Este SNP foi primeiramente
associado a DP severa (OR = 1,47; IC 95% = 1,25-1,73; p-valor = 1,6 x 10-6) em um estudo
com 4504 americanos em um GWAS 4. Posteriormente, o resultado foi confirmado na mesma
populagio, mostrando associagdo com PC severa '%!. Os niveis de proteina NPY, recentemente

investigados por Haririan et al. '62

na saliva de pacientes com DP, correlacionaram-se
significativamente com os parametros clinicos periodontais: média do nivel clinico de inser¢ao
(r = 0,29, p <0,05), sangramento a sondagem (r = 0,29, p <0,05) e o numero de dentes com

profundidade de sondagem > 5 mm (r = 0,34, p <0,005).

Considerando o SNP rs3811046, os genotipos TG e GG mostraram um aumento a
suscetibilidade a PC moderada. Além disso, as mulheres portadoras do geno6tipo homozigdtico
para o alelo raro no mesmo SNP foram mais suscetiveis a desenvolver DP moderada (OR =
4,02, IC: 1,65 - 9,80, p = 0,002), mesmo ap6s a correcdo de Bonferroni. Como descrito
previamente, Offenbacher et al. '° definiu o fendtipo da doenga periodontal como tragos
complexos usando andlise de componentes principais (PCA). Nos resultados de GWAS
utilizando PCA, os autores analisaram 2,5 milhdes de SNPs ¢ identificaram um SNP
(rs3811046) dentro da regido codificante do gene anti-inflamatorio /L37, com associagdo
significativa com altos niveis de FCG-IL-18 (p-valor inferior a 1x10-21) e também fortemente

associado a PC severa !9,

Existem alguns estudos que mostram suscetibilidade sexo-especifica a PC, uma vez que
o papel dimoérfico de alguns polimorfismos em seres humanos foi associado a doengas
complexas, incluindo PC 135164167 Um diferencial na transcri¢do de genes entre os géneros &
necessario, pois homens e mulheres usam um genoma similar para alcangar fenotipos distintos
168 'Yan'® (2015) investigou o SNP rs3811046, 0 mesmo por nds investigado para PC e, ap0Os

a estratificagdo por género, os autores observaram que esse polimorfismo estava

significativamente associado a um menor risco de doenga de Graves em pacientes do sexo
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feminino (alelo G, p-valor = 0,03, OR =0,777). Intrigantemente, 0 mesmo SNP tem efeito sexo-
especifico contrario nas duas doencas. Embora o risco de PC, neste presente estudo, tenha sido

associado a mulheres, na doenca de Graves, as mulheres apresentaram reduc¢do de risco.

Foi reconhecido que os resultados do GWAS precisam ser reproduzidos em outras
amostras independentes. Um resultado de GWAS anterior ¢ "replicado" quando ¢ reproduzido
em uma populacdo similar do estudo original; mas quando o resultado de GWAS ¢ reproduzido
em uma populagdo diferente (por exemplo, etnicamente), esse resultado foi "validado" '7°. No
Capitulo 3 do presente estudo, selecionamos SNPs anteriormente associados a CP em outras
populacdes por GWAS ou abordagens de bioinformatica para validar esses resultados em uma
populacdo brasileira. Pela primeira vez, demonstramos a validagdo da associagdo entre o SNP
1s2521634, perto do gene NPY e o SNP rs3811046 na regido intronic do gene /L37 e aumento
do risco para PC moderado e severa em uma populagdo brasileira. Estudos adicionais sdao
necessarios para investigar o papel funcional dos SNPs validados no contexto da doenga
periodontal, interagdo genética com fatores ambientais e se ha influéncia do género, em seus

niveis de transcri¢do ou translacional.
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5 CONCLUSAO

Capitulo 1: Pode-se concluir que, apesar das limitacdes deste estudo, apds meta-regressao,
uma metandlise homogénea indicou que a periodontite cronica foi significativamente
associada a uma redug¢do da HDL e elevacdo da concentracdo de LDL e triglicerideos.

Portanto, a periodontite cronica pode ter associagdo com o controle metabolico lipidico.

Capitulo 2: Nao foi verificada associagdo significativa entre os pardmetros clinicos
periodontais e as frequéncias de genotipos de qualquer dos SNPs avaliados (rs5925, rs688,
15676210, rs693) nos genes LDLR e APOB. No modelo multivaridvel, ndo houve diferencas
significativas nas frequéncias de gendtipos para todos os SNPs que compararam o controle
e os grupos de pacientes com periodontite cronica. As interagdes multiplicativas e aditivas
entre cada SNP e tabagismo nao foram estatisticamente significantes. Além disso, nenhum
dos haplétipos nos genes APOB e LDLR estava significativamente relacionado ao risco de

doenga periodontal.

Capitulo 3: Foi possivel validar em uma populacdo brasileira, a associagdo do SNP
1$2521634 proximo do gene NPY, e do SNP rs3811046 na regido intronica do gene /L37,
com risco aumentado para periodontite cronica moderada e severa, sendo esse risco sexo-
especifico. Esses resultados refor¢am a evidéncia de que os polimorfismos nos genes NPY
e IL37, previamente encontrados por GWAS, podem desempenhar um papel no perfil

genético que predispde a periodontite cronica.
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APENDICE A — Metodologia detalhada
Metodologia detalhada da revisdo sistematica com metanalise (Capitulo 1)
Foi realizada uma revisao sistematica de acordo com as diretrizes Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA) e também de acordo com Meta-

analysis of Observational Studies in Epidemiology (MOOSE) !,

1 Pergunta principal

A questdo central foi proposta seguindo os principios “PECO” (P — paciente ou
populacdo; E — exposicao; C — comparagdo ou controle; O — outcome, resultado, efeito) para
descobrir as diferengas nos parametros lipidicos séricos de pacientes com e sem periodontite
cronica (PC): "Os individuos com doenca periodontal cronica sem doenga sistémica tém
diferentes niveis de parametros lipidicos séricos (HDL, DL, triglicerideos e colesterol total) em

comparag¢ao a individuos periodontalmente saudaveis?"

2 Estratégia de pesquisa

Pesquisas eletronicas nos bancos de dados PubMed, Web of Science, Scopus, EMBASE
e Cochrane Controlled Trials Registry, complementadas por uma pesquisa através das listas de
referéncia dos estudos incluidos, foram realizadas entre artigos publicados de 1968 até o final
de fevereiro de 2016. Os artigos relevantes foram identificados através de uma pesquisa em
bancos de dados seguindo a utilizagdo das palavras-chaves:

* As 2 palavras chaves do MESH (https://www.ncbi.nlm.nih.gov/mesh) selecionadas e
suas derivacdes foram combinadas em todas as possibilidades: “Periodontal Diseases” and
“Lipids”.

* Palavras-chave para Periodontal Diseases: “Periodontal Disease” ou “Periodontitis”

ou “Alveolar bone loss"; E
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* Palavras-chave para Lipids: “HDL” ou “High Density Lipoprotein” ou “LDL” ou
“Low Density Lipoprotein” ou “Triglycerides” ou “Total Cholesterol” ou “Dyslipidemia” ou

“Hyperlipidemia” ou “Hypertriglyceridemia” ou “Hypercholesterolemia” ou “Lipids”.

A pesquisa da literatura em todos os bancos de dados eletronicos foi exportada para a o
software EndNote Program ™ X7 (Thomson Reuters, Nova York, NY, EUA), a fim de eliminar

as referéncias duplicadas.

3 Selecao dos estudos

Selecionamos artigos de pesquisa originais de acordo com os seguintes critérios de
inclusdo: 1) estudos longitudinais e transversais (estudos coorte e caso-controle); 2) presenca
dos dados sobre os parametros lipidicos séricos (HDL, LDL, triglicerideos e colesterol total) de
adultos com e sem periodontite cronica; 3) individuos sem alteragdes sistémicas, incluindo
historico de doenga cardiovascular (DCV) e diabetes; 4) pacientes ndo fumantes; 5) estudos que
mostram o uso de métodos estatisticos e os valores numéricos de média e desvio padrdo,
incluindo as unidades de medida para quantificar os niveis lipidicos séricos; 8) artigos
publicados na lingua inglesa.

Estudos desenhados especificamente para investigar mulheres gravidas e individuos
com aterosclerose, artrite reumatoide, tratamento de hemodialise € / ou com tratamento
sistémico para dislipidemia ndo foram incluidos neste estudo. Foram excluidos também
pesquisas que de acordo com seus critérios de inclusdo e exclusdo, selecionaram apenas
pacientes sem hiperlipidemia (relacionada ao desfecho desta metandlise), uma vez que limitou
os pacientes a baixos niveis lipidicos. Também foram selecionados artigos sem resumos, mas
com titulos que sugeriam relacdo com os objetivos desta revisdo, para analise do texto completo.

No entanto, estudos experimentais (modelos animais e celulares), cartas ao editor, revisoes de
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literatura e artigos nao publicados foram excluidos. Os artigos de pesquisa originais que nao
seguiram a todos os critérios descritos acima também foram excluidos desta metanalise.
Devido a falta de um consenso geral para o diagnostico de PC, e ao uso de diferentes
defini¢cdes de PC nos artigos cientificos, estabelecemos um limiar de diagnéstico como parte de
uma avalia¢do de qualidade metodologica e validagdo externa. Os critérios de selecao referentes

a este diagndstico seguro de PC foram baseados em uma metanalise anterior 3 como segue:

DefinicGes Clinicas de Doenca Periodontal:

a. diagnostico seguro de PC:

* Pelo menos 2 sitios em diferentes dentes com nivel clinico de inser¢ao (NCI) >6 mm
e pelo menos 1 sitio com profundidade de sondagem (PS) >4 mm, ou

* Pelo menos 2 sitios em dentes ndo adjacentes com NCI >3 mm, ou

« Indice Periodontal Comunitario (CPI) com cédigo 4 em pelo menos 1 quadrante, ou

* Nos casos em que ndo seja relatada NCI ou PS, apresente perda 6ssea alveolar
radiografica (POA) > 30% ou de pelo menos 5 mm do comprimento radicular em pelo menos
2 dentes.

b. diagnéstico inseguro de PC:

Os parametros para a classificacdo da doenga, ou seja, PS, NCI ou POA nao foram

claramente definidos ou ndo tdo rigorosamente categorizados.

4 Avaliacio da qualidade dos estudos

A avaliagdo do risco de viés foi realizada separadamente para cada estudo. A avalia¢do
foi conduzida por dois investigadores (RN, SCP) independentemente, e a acordancia entre os
examinadores foi entdo avaliada. Qualquer discrepancia entre os dois examinadores na

avaliacdo da qualidade dos estudos foi resolvida através da discussdo entre ambos. Para estudos
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transversais (caso-controle e coorte) e longitudinais, a Escala de Newcastle-Ottawa (Newcastle-
Ottawa Scale - NOS) foi utilizada para avaliar a qualidade do estudo. Esta escala foi
desenvolvida para avaliar a qualidade dos estudos de forma f4cil e conveniente para revisoes
sistematicas e metanalises. Em resumo, esta escala consiste em nove itens classificados em trés
grupos principais: (i) selecdo dos grupos de estudo, (ii) comparabilidade dos grupos e (iii)
determinagdo da exposi¢do de interesse 4. Os estudos foram entdo ranqueados com um minimo

de zero e maximo de nove pontos. A taxa de concordancia entre os investigadores foi de 83,3%.

5 Extrac¢ao de dados dos estudos

A busca inicial de avaliagdo de titulos e resumos foi realizada com cuidado
independentemente por dois investigadores (RN e SCP), e verificou-se a acordancia. Em
seguida, os textos completos dos artigos julgados pelo titulo e resumo por serem relevantes
foram lidos de forma independente e avaliados em relacdo aos critérios de selecdo. A taxa de
concordancia entre os investigadores foi de 92,1%. Um terceiro investigador (RMSC) avaliou
os estudos que ndo foram consenso entre os outros 2 investigadores.

Os seguintes parametros foram extraidos de cada estudo selecionado: nome do primeiro
autor e ano de publica¢do, pais, tamanho total da amostra, porcentagem de pacientes do sexo
masculino, razdo de pacientes do sexo masculino (centrado em 1: 1 — razdo grupo PC: grupo
controle), média de idade dos participantes, razdo da média de idade dos pacientes (centrado
em 1: 1 - razdo grupo PC: grupo controle), critérios diagndsticos para doenga periodontal, tipo
de coleta de sangue (soro ou plasma) e exame de sangue (em jejum ou ndo) e estudos pareados
para indice de massa corporal (IMC) entre grupos (sim ou ndo). Além disso, os niveis séricos
dos parametros lipidicos (HDL, LDL, triglicerideos e colesterol total) foram extraidos de cada

estudo para andlises estatisticas (tamanho da amostra, média e desvio padrao de cada grupo).
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No caso de mais de um artigo do mesmo autor utilizando a mesma amostra e mostrando
os mesmos resultados para os niveis de perfil lipidico, apenas um desses artigos foi selecionado.
No caso de dois ou mais grupos de pacientes com periodontite cronica, com base na extensao e
gravidade da doenga, apenas foram coletados os dados do grupo de pacientes com PC severa,

para minimizar qualquer heterogeneidade entre os estudos incluidos.

6 Analise Estatistica

Entre os estudos, encontramos duas unidades de medida diferentes usadas para
quantificar os niveis séricos de parametros lipidicos: mg/dL. ou mmol/L (o mesmo que o mM).
Para padronizar as unidades, convertemos os niveis de parametros lipidicos de todos os estudos
para mg/dL. Para converter os dados de colesterol total, HDL e LDL de mmol/L para mg/dL,
multiplicamos o valor por 38,67. Além disso, para converter TG de mmol/L em mg/dL,
multiplicamos por 88,57 °.

Nos estudos em que foi utilizado erros padrao (EP), para ser comparavel com os outros
estudos presentes na metandlise, eles foram convertidos em desvios padrdo (DP). O célculo
depende tanto do erro padrao quanto do tamanho da amostra (N), usando uma simples equagao
DP =EP x VN ©.

O tamanho do efeito foi calculado e reportado como a diferenga média (mean difference
- MD). O intervalo de confianca (IC) de 95% foi calculado para cada parametro lipidico e o
efeito combinado foi considerado significativo para os valores de p < 0,05. Foi utilizado o
software estatistico (Review Manager [RevMan], Versao 5.1. Copenhagen: The Nordic
Cochrane Center, The Cochrane Collaboration, 2011) para agrupar os dados e produzir os
forest plots. Realizamos também anélises de subgrupos para estudos com e sem diagnostico

seguro de PC.
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Forest plots para cada metanalise apresentam os dados brutos (ie, desvio padrdo e
tamanho da amostra), diferenca média (exibidas como quadrados) e IC (exibidas como linhas)
para o efeito escolhido, bem como estatisticas de heterogeneidade (Chi2 e 1), nimero total de
participantes por grupo, efeito médio geral (estatisticas de MD e Z) e percentual de peso
atribuido a cada estudo.

Os testes do Qui-quadrado e do indice de inconsisténcia (I?) foram utilizados para
avaliar a heterogeneidade dos estudos incluidos nesta metandlise. A heterogeneidade dos
ensaios foi considerada estatisticamente significante para p < 0,1, em vez de p < 0,05, ja que
esse teste tem pouco poder. O Modelo de efeito fixo (Método Mantel-Haenszel) foi utilizado
quando nenhuma evidéncia de heterogeneidade foi detectada nos resultados; Caso contrario,
um modelo de efeitos aleatorios (Método DerSimonian-Laird) foi aplicado.

Meta-regressdes foram realizadas para explorar o impacto do risco de viés dos estudos
incluidos usando um modelo de efeitos aleatorios. Andlises de regressdo univariada e
multivariada foram realizadas. Para a andlise univariada, adicionamos o ano em que o estudo
foi publicado, tamanho total da amostra, qualidade dos estudos (considerando a classificagao
NOS), diagnostico periodontal (seguro ou inseguro), idade (centrado em média de todos os
pacientes), propor¢do de idade (centrado em 1: 1 - razdo grupo PC: grupo controle), género
(centrado na porcentagem de homens), propor¢ao de pacientes homens (centrado em 1: 1 - razdo
grupo PC: grupo controle), estudos pareados para IMC entre grupos (sim ou nao), tipo de coleta
de sangue (soro ou plasma) e exame de sangue (em jejum ou ndo) como covariaveis. Se o
coeficiente de regressao das covariaveis fosse significativo (p <0,1), entdo as covariaveis foram
inseridas na meta-regressao multivariada. Utilizamos IC 95% e consideramos um valor p < 0,05
para ser estatisticamente significante na meta-regressao multivariada.

Se algum dos parametros tivesse influenciado o resultado da metanalise, uma nova

andlise estatistica foi realizada para excluir o viés gerado. Os artigos que introduziram aumento
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significativo do risco de viés foram excluidos. Todas as andlises de meta-regressdao foram
realizadas utilizando o software estatistico OpenMeta [Analyst] 7.

Para testar a influéncia de cada estudo sobre o tamanho do efeito geral, a analise de
sensibilidade foi realizada usando o método /leave-one-out apds meta-regressdo; isto &,
removendo um estudo cada vez e repetindo a andlise 2.

O viés de publicacao foi analisado através de grafico de funil (funnel plof) e confirmado
pelo teste de correlagdo de Begg e pelo método de regressdo de Egger. O método de Begg ¢ um
teste de correlagdo entre a estimativa de efeito e o erro padrdo °. O teste de Egger utiliza
regressdo logistica linear, com base no desvio padrdo e na precisdo dos estudos '°. O p-valor <
0,10 foi utilizado como indicagdo da presenca de potencial viés de publicacdo para ambos os
testes. Se o viés de publicacado foi indicado (nos testes de Begg ou Egger) nas metanalises apos
realizacdo dos testes leave-one-out e meta-regressdo, o método de corte e preenchimento de
Duval e Tweedie (Duval and Tweedie’s trim-and-fill) foi aplicado para ajustar a diferenga

1. Todas as andlises de viés de publicagdo foram realizadas usando o software

média
Comprehensive Meta-Analysis, versdo 3.3.070 (2014).

Para avaliar se a etnia dos pacientes poderia ser uma potencial variavel causadora de
heterogeneidade entre os estudos incluidos na metandlise, realizamos metanalises adicionais

por subgrupo de acordo com o continente onde a pesquisa foi desenvolvida, ou seja, o

continente em que residem os sujeitos investigados dessa etnia.
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Metodologia detalhada dos estudos caso-controle (Capitulos 2 e 3)

1 Selecao da amostra

Foram convidados para participarem deste estudo pacientes que procuraram
atendimento nas diversas clinicas da Faculdade de Odontologia de Araraquara — FOAr -
UNESP. Apoés esclarecer os objetivos e tirar quaisquer possiveis duvidas da pesquisa, os
pacientes que se adequarem aos critérios de inclusdo e exclusdo e que aceitarem participar
voluntariamente, foram convidados a assinar o termo de consentimento livre e esclarecido,
conforme ja aprovado pelo Comité de Etica em Seres Humanos da FOAr - UNESP (57/04)
(ANEXO

B). Seguem os critérios de inclusdo e exclusdo:

e CRITERIOS DE INCLUSAO: individuos normoglicémicos acima de 30 anos, de
ambos os sexos, com pelo menos 10 dentes na cavidade bucal (excluindo terceiro molar)
e de qualquer grupo étnico-racial (pois a tentativa de isolar determinadas caracteristicas

raciais ¢ dificil em um pais altamente miscigenado).

e CRITERIOS DE EXCLUSAO: pacientes que realizaram tratamento periodontal nos
ultimos 6 meses, historico de antibioticoterapia nos ultimos 3 meses, uso cronico de
drogas anti-inflamatdrias, histéria autodeclarada de doencas que influenciam o
imunoldgico sistémico (diabetes mellitus, infeccdo pelo HIV ou quimioterapia

imunossupressora), além de pacientes gravidas ou em lactagao.

Ap0s o exame periodontal, os individuos foram classificados em dois diferentes grupos,
de acordo com os critérios definidos pela CDC/AAP (Centers for Disease Control and

Prevention/ American Academy of Periodontology) '%:

e Grupo B (n = 358): pacientes com periodontite cronica (PC) severa (2 ou mais sitios
com perda de inser¢ao interproximal maior que 5 mm em dentes diferentes e pelo menos
um sitio com profundidade de sondagem maior que 4 mm) ou periodontite moderada (2
ou mais sitios com perda de insercdo interproximal maior que 3 mm em dentes
diferentes ou pelo menos dois sitios com profundidade de sondagem maior que 4 mm

em dentes diferentes) (Tabela 1) '%;
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Grupo A (n = 356): pacientes sem periodontite cronica (pacientes que nio se
enquadram nos critérios de periodontite severa ou moderada) (Tabela A1)'2.

Tabela A1 - Classificados da Doenca Periodontal, de acordo com os critérios definidos pela CDC/AAP

Defini¢ao Clinica

Classificagdo NI PS
Grupo | Periodontite leve
A e Saudaveis Nao se enquadram nos critérios de periodontite severa ou moderada
Periodontite > 2 sitios com NIi > 4mm oU > 2 sitios com PSi > Smm
Grupo Moderada (em dentes diferentes) (em dentes diferentes)
B . . . .
Periodontit > 2 siti m NIi > 6mm - .
criodontite = < STtos com T = 6 E > 1 sitio com PSi > 5Smm
Severa (em dentes diferentes)

*Exclusdo de terceiros molares. PS: profundidade de sondagem interproximal; Nli: nivel de insergdo
interproximal.
Fonte: Elaboragdo propria.

Os critérios clinicos acima mencionados ja foram utilizados em estudos de
polimorfismos genéticos, incluindo estudos de varredura ampla do genoma, ou seja, Genome-
Wide Association Study (GWAS) para Periodontite Cronica '*!4, Pacientes que fumam ou ja
fumaram nd3o foram excluidos. Foram realizadas andlises de regressdo logistica ou linear

multipla utilizando o status de tabagismo como variavel de controle.

2 Calculo do tamanho amostral

Para calcular o tamanho da populagdo necessaria para que o estudo tivesse poder
suficiente de atestar a associa¢do do(s) alelo(s) com a PC foi utilizado o programa G*Power
Calculator, versdo 3.1 !5, considerando os pardmetros: regressdo logistica; two tail, OR: 1.5;
Pr(Y=1/X=1) HO = 0,2; alfa de 0,007 (para o artigo 2) e 0,005 (para o artigo 3) e poder de 90%,
R2=0.E importante salientar que o valor alfa=0,007 e 0,005 foram obtidos de p=0,05 dividido
por (4 SNPs + 3 varidveis de ajuste [idade, género e tabagismo] no Capitulo 2) e (7 SNPs + 3
variaveis de ajuste [idade, género e tabagismo] no Capitulo 3). Este célculo resultou em uma
amostra menor que 714 pacientes (n = 619 para o artigo 2; n = 654 para o artigo 3), que foi o

tamanho amostral utilizados nos 2 artigos (Figuras Al e A2).
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Figura A1- Resultado do G*Power utilizando os parametros descritos no Capitulo 2.

critical z = 2.6968
04
0.3
0.2 +
0.1 B a
’ 2
04 T T T T T T T T T T T T T T v T T T T
-3 -2 -1 0 1 2 3 4 5 6
Test family Statistical test
z tests B Logistic regression B
Type of power analysis
A priori: Compute required sample size - given a, power, and effect size
Input parameters Output parameters
Tail(s) Two Critical z 2.6968443
Determine Odds ratio 1.5 Total sample size 619
Pr(Y=1|X=1) HO 0.2 Actual power 0.9004238
a err prob 0.007
Power (1-B err prob) 0.9
R? other X 0 ~
X distribution ~ Normal 1°] A I l lgo 2
X parm p 0

Fonte: Elaboragdo propria.

Figura A2 - Resultado do G¥*Power utilizando os parametros descritos no Capitulo 3

critical z = 2.807
0.4
0.3
0.2
0.1 B a
| 2
o |l . ] ) L} 4 ! . 1 L) Ll . ) 4 ! v Ll v T v 1
-3 -2 - 0 1 2 3 4 5 6 7
Test family Statistical test
z tests B Logistic regression
Type of power analysis
A priori; Compute required sample size - given a, power, and effect size B
Input parameters Output parameters
Tail(s)  Two a Critical z 28070338
Determine Odds ratio 15 Total sample size 654
Pr(Y=1|X=1) HO 0.2 Actual power 0.9003135
a err prob 0.005
Power (1-B err prob) 0.9
R? other X 0 -
X distribution = Normal & A I ' lgO 3
X parm p 0

Fonte: Elaboragdo propria.
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3 Anamnese e exame periodontal

Todos os pacientes foram submetidos & anamnese completa que avaliou o historico de

saude geral e bucal.

Como mencionado no item 1 (selecdo dos pacientes), todos os individuos foram
submetidos a um exame periodontal completo. Os exames clinicos periodontais foram
realizados com a utilizagdo da sonda periodontal milimetrada e padronizada de 15 mm
(University of North Carolina — UNC 1-15 Hu-Friedy), e tiveram os parametros clinicos de
profundidade de sondagem (PS) e nivel clinico de inser¢ao (NCI) examinados em seis sitios
(mésio-vestibular, vestibular, disto-vestibular, mésio-lingual, lingual e disto-lingual) de cada

dente, além de sangramento a sondagem.
Foi considerado nesse estudo:

e Indice de placa visivel: presenca ou ndo de placa bacteriana visivel a olho nu, apos

secagem da superficie dentaria com jato de ar, em todas as faces de todos os dentes;

e Indice de sangramento marginal: presen¢a ou auséncia de sangramento marginal apos

percorrer o espaco do sulco de uma proximal a outra, com a sonda periodontal

milimetrada inclinada em 60 graus em relacdo ao dente;

e Posi¢do da margem gengival: distancia da margem gengival a jungdo cemento-esmalte;

e Mensuracdo da profundidade de sondagem: distancia da margem gengival ao fundo do

sulco gengival, medida com sonda periodontal milimetrada em 6 sitios por dente;

e Sangramento a sondagem: presenga ou auséncia de sangramento, decorrido um tempo

de 30 segundos depois de mensurada a profundidade de sondagem;

e Avalia¢do do nivel clinico de inser¢do: corresponde a somatoria das medidas da posi¢ao

da margem gengival e profundidade de sondagem, para cada sitio de cada elemento

dentario.

Os critérios utilizados para classificar a doenga periodontal nos Capitulos 2 e 3, como
previamente citado, fora os critérios definidos pela CDC/AAP '2. Devido a isso, foram
considerados nestes dois estudos os pardmetros clinicos de profundidade de sondagem

interproximal (PSi) e nivel clinico de inser¢do interproximal (NCIi) examinados em quatro
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sitios (mésio-vestibular, disto-vestibular, mésio-lingual e disto-lingual) de cada dente, além de

sangramento a sondagem apenas dos sitios interproximais.

Todos os participantes desta pesquisa receberam orientacdo sobre o que ¢ a doenca
periodontal e suas implicagdes na saude geral. Apds o exame periodontal completo, os
participantes foram encaminhados para a Clinica de Periodontia desta Faculdade para

tratamento periodontal. Todos também receberam instru¢do de adequada higiene oral.

4 Coleta de material bioldgico e extracio de DNA

Foi solicitado a cada individuo que realizasse um bochecho com solucgao de dextrose a
3% autoclavada por 2 min. Os tubos contendo o bochecho foram mantidos resfriados (em caixa
de isopor com gelo) do local da coleta até o momento do processamento em laboratério. Cada
tubo foi centrifugado a 2000 rpm por 10 min para separar o pellet de células que se despregam
da mucosa oral. A este pellet de células foi adicionado uma solugdo Tampao (TrisHCI 10mM,
EDTA 0,1 M, SDS 0,5% - pH 8.0), sendo armazenado em freezer (—80°C) at¢é a finalizagdo das

coletas de todos os individuos.

Para extragdo do DNA, como foi um grande nimero de amostras, e foi necessaria alta
qualidade do DNA, utilizamos o método que se mostrou mais eficiente: o método adaptado do
acetato de amonia a 8M '°. As amostras foram descongeladas e entdo foi adicionado 5 uL de
proteinase K e incubadas a 55°C por 2h. Em seguida adicionou-se 500pL de acetato de amonio
8M e centrifugou-se a amostra a 14.000 rpm por 10 mim a 25°C. Ao sobrenadante foi
adicionado 540 pL de isopropanol e posteriormente centrifugado a 14.000 rpm por 5 mim.
Foram feitas 2 lavagens do pellet obtido com etanol 70% para remover o isopropanol,
centrifugando-se a 14.000 rpm por 5 mim. O pellet foi seco a temperatura ambiente e

ressuspendido em 100 pL de TE.

O DNA genomico de cada amostra foi avaliado com relagdo a concentragao (ng/pl) e
pureza (260/280nm; 260/230nm) no aparelho NanoVue™ Plus Spectrophotometer (GE
Healthcare Life Sciences, EUA), e foi armazenado a -80°C até o momento da genotipagem. O
protocolo de genotipagem por OpenArray necessita da quantificagdo prévia do DNA de cada

amostra utilizando o sistema de fluorescéncia Qubit (Thermo-Fisher).

Para as amostras que ndo apresentaram concentracdo igual ou maior que 50 ng/ul e

pureza (principalmente a razdo 260/280nm) entre 1.7 e 2.1, no aparelho NanoDrop™
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2000/2000c Spectrophotometer, foi realizada a precipitagdo do DNA para purificar e/ou para
concentrar amostras, tornando-as ideais para genotipagem utilizando o sistema de genotipagem

TagMan® OpenArray™ (Applied Biosystems).

Para realiza¢do desta técnica, a amostra de DNA ressuspendida em TE, adicionou-se
1/20 (do volume da amostra de DNA) de acetato de s6dio 3M (pH=5,2) a temperatura ambiente.
Estimou-se o volume total e foi adicionado o dobro do volume de etanol absoluto gelado.
Homogeneizou-se levemente ate evidenciar a “nuvem” de DNA, e entdo deixar no freezer
overnight. No dia seguinte, retirou-se a amostra do freezer para centrifugar a 14000 rpm por
15min a 4°C. Juntamente ao pellet obtido, foi feita 1 lavagem colocando-se etanol 70%, seguido
de centrifugacdo a 14000rpm por 15min a 4°C. Ao fim, deixou-se secar o pellet a temperatura
ambiente. O pellet foi ressuspendido em 20 pL de TE, objetivando aumentar a concentra¢ao do

DNA.

5 Seleciao dos SNPs

Para a selecdo dos SNPs foi utilizado o banco do International HapMap Project
(www.hapmap.org) e 1000 Genomes Project (http://www.internationalgenome.org),
consoércios internacionais com os padrdes de polimorfismos de individuos de diferentes etnias.
Utilizamos dados de SNPs validados nos blocos haplotipicos considerando as populagdes
CEU+TSI (combinacdo de populagdes caucasianas: [CEU = individuos residentes de Utah com
ascendéncia Europeia Ocidental e Norte] e [TSI = individuos da Toscana na Italia]) do Projeto
HapMap e do Projeto 1000 Genomes. Nesse banco de dados estdo disponiveis informagoes

sobre os SNPs nos genes de interesse. Foram selecionados genes candidatos, no qual os SNPs

deveriam apresentar nas populagdes CEU ou TSI menor frequéncia alélica (MAF) > 5% (0.05).

Para isso foram selecionados:

e Capitulo 2: variantes genéticas em alguns genes atualmente consideradas por apresentar
suscetibilidade para dislipidemia e algumas vezes também a outras doengas sistémicas. Estes
genes e suas proteinas vém sendo estudadas em relagdo a doenca periodontal, mas ainda ndo
foram estudados SNPs nestes genes em associacdo a PC (Tabela 2). Pesquisamos
minuciosamente de SNPs associados a dislipidemia e fragdes lipidicas a partir de estudos de
GWAS utilizando o NHGRI-EBI Catalog of published genome-wide association studies
(https://www.ebi.ac.uk/GWAS).

e Capitulo 3: variantes genéticas em alguns genes atualmente consideradas por apresentar

suscetibilidade para periodontite cronica, porém estes resultados ainda ndo foram validados para
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populacdo brasileira. Estes SNPs apresentaram associagdo com PC a partir de GWAS e de
estudos que envolvem analises sofisticadas de bioinformatica e bioestatistica (Tabela A2).
Pesquisamos minuciosamente SNPs associados a PC a partir de estudos de GWAS utilizando o

mesmo catalogo de GWAS (https://www.ebi.ac.uk/ GWAS).

Tabela A2 - Informacdes dos ensaios € SNPs avaliados, incluindo dados de menor frequéncia alélica
(MAF)

Genes relacionados ao metabolismo lipidico

1$5925 LDLR 19p132b T|C  C[C:0.22 C|C:0.18 C|C 0.16
rs638 LDLR 19p132b CJT TT:022 TT:0.17 T|T 0.14
rs676210 Apo B 2p24.1c GJA  AJA:0.06 AJA:0.06 AJA 0.06
rs693 Apo B 2p24.1c  C|T  TT:020 T[T:0.19 TT 0.14

Genes relacionaods a estudos de GWAS ou de Bioinformatica para DP

NCBI SNP Cytogeneti 5 1o10g CEU % TSI % MAF do
1D Gene ¢ Band estudo
rs1360573  close FZDS 10pll.2la A|G  G|G:0.08 G|G:0.08 G|G 0.05
rs187238 IL18 11g23.1d C|G  G|G:0.10 G|G:0.05 G|G 0.06
rs2521634 close NPY  Tpl15.3b AlG  AJA:0.02 AJA:0.05 AJA 0.07
rs352140 TLRY 3p21.2a C|T T|T: 023 C|C:0.11 T|T 0.23
rs3811046 IL37 2ql13d G|T G|G:0.08 G|G:0.06 G|G 0.14
rs3826782 EMRI 19p13.3a A|G  A|G:0.16 AJA:0.01 AJA 0.01
1s7762544  close NCR2  6p2l.lg AlG  G|G:0.05 G|G:0.05 G|G 0.05

Fonte: Elaboragdo propria.
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6 Genotipagem dos SNPs

Neste estudo, a deteccdo dos SNPs foi realizada utilizando a plataforma OpenArray Real
Time PCR System. Trata-se de uma plataforma semi-automatizada de alta demanda e
relativamente de baixo custo, pois utiliza quantidades de reagentes extremamente inferiores
quando comparado aos outros métodos disponiveis, uma vez que a rea¢do de PCR e a deteccao
sdo realizadas em uma lamina com 3072 orificios microscopicos compostos por superficies

hidrofilicas e hidrofobicas.

O ensaio ¢ flexivel e permite a disposi¢ao de diferentes numeros de alvos e amostras. O
formato escolhido para este ensaio foram chips com 64 ensaios para 48 amostras. 4 SNPs na
lamina de genotipagem foram utilizados para controle interno da técnica, conforme orientagao
do fabricante. A customizag¢ao da lamina ¢ realizada previamente com a sele¢do de cada SNP a
ser investigado por meio de um ensaio especifico. Cada ensaio ¢ composto por um par de
primers e um par de sondas, marcadas com os fluor6foros VIC e FAM, especificos para a regido
do SNP, os quais sdo depositados nos orificios. Assim, foram escolhidos 60 SNPs para
genotipar os pacientes, com enfoque na avaliagdo da PC e comorbidades associadas, que

complementam projetos finalizados que contaram com o apoio da FAPESP. Dentre os 60 SNPs

investigados, estdo incluidos os 11 SNPs apresentados nos Capitulos 2 e 3 desta Tese.

Todas as etapas da genotipagem foram realizadas conforme as instrugdes do fabricante.
A genotipagem foi realizada utilizando 2,5 pL de cada amostra individual de DNA (total de

125 ng de DNA gendmico) analisados em um pogo de uma placa de 384 pogos, juntamente com
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2,5 pL de 2X TagMan®OpenArray® Genotyping Master Misture, de acordo com os protocolos
do fabricante. A transferéncia das amostras de DNA para a placa contendo o mix de reagdo e
subsequentemente a transferéncia da rea¢do para a lamina do OpenArray foi realizada pelo
instrumento OpenArray AccuFill System (Life Technologies), ocorrendo entdo a solubilizagao
dos primers e sondas dispostos nos orificios da lamina. Pelo menos um controle branco,
composto por agua DNAse free foi introduzido em cada ldmina para cada ensaio. As laminas
foram seladas e levadas ao sistema de PCR em tempo real QuantStudio 12K Flex (Life

Technologies).

A leitura da fluorescéncia foi realizada em “end point”, ou seja, apds o final de todos os
ciclos de amplificacdo. A andlise dos dados obtidos foi realizada utilizando o software de
andlises AppliedBiosystems®, através do modulo de andlises de genotipagem, versdo 3.2,

recomendado pelo fabricante do ensaio e equipamentos. Este software ¢ gratuito e online

através do Thermo Fisher Cloud (https://apps.thermofisher.com). Importante: a genotipagem
foi realizada de modo cego para o fenotipo do paciente, ou seja, as amostras foram codificadas
de modo a impedir o conhecimento sobre o grupo ao qual pertencem.

O modo de analise utilizado foi o “Auto Calling”, em que o proprio software realiza as
chamadas dos genotipos de acordo com a intensidade da leitura dos fluoréforos. As amostras
foram classificadas como homozigotas para os genotipos 1 e 2 ou heterozigotas. Os resultados
foram considerados validos quando a genotipagem apresentava nivel de qualidade (call rate)
determinada pelo software de 95% ou superior. A Figura A3 apresenta, como exemplo, os
graficos de clusterizagdo dos genotipos de dois SNPs. Pode-se observar que o call rate de ambas
foi de mais de 95%, o que também ocorreu para a maioria dos ensaios TagMan. Isso significa
que a metodologia produziu resultados confidveis e que foi possivel genotipar quase a totalidade
dos pacientes para cada SNP. Eventuais amostras que apresentaram genétipo inconclusivo, nao

foram consideradas na anélise.

Figura A3 - Graficos de clusterizagdo de dois SNPs investigados pelo sistema OpenArray



158

C__1839697_20 (Call Rate = 97.067%)

4000 ¥

g

Allele 2 (Allele 2)
g

0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000
Allele 1 (Allele 1)

[ NTC (4) @ Allele 1/Allele 1 (55) © Allele 1/Allele 2 (271) @ Allele 2/Allele 2 (367)
No Amplification (9)

C_15874272_10 (Call Rate = 96.508%)

3500

3000

2500

Allele 2 (Allele 2)
r S
8 8

1000

500

0 500 1000 1500 2000 2500 3000 3500 4000 4500
Allele 1 (Allele 1)

[0 NTC (4) @ Allele 1/Allele 1 (70) @ Allele 1/Allele 2 (309) @ Allele 2/Allele 2 (310)
No Amplification (15)

Fonte: Elaboragdo propria.

Resumidamente, a metodologia consistiu nos procedimentos apresentados no Workflow

apresentado na Figura A4 .

Figura A4 - Workflow dos procedimentos que foram realizados para genotipagem das
amostras utilizando o sistema OpenArray

Prepare the nucleic acid samples (Chapter 2)

The workflow for sample preparation varies, depending on starting from the MicroAmp®
Optical 96-Well Reaction Plate using cDNA or your own DNA.
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Fonte: Applied Biosystems QuantStudio™ 12K Flex Real-Time PCR System: OpenArray®
Experiments User Guide, Publication Part Number 4470935 Rev. C

7 Analise estatistica dos dados

Os dados demograficos foram expressos como a média + desvio padrao (DP) para dados
numéricos e como frequéncia para dados categdricos. Diferengas nas frequéncias e médias de
fatores demograficos foram testadas usando a andlise de qui-quadrado para varidveis

categoricas (género e tabagismo) ou t de Student para variaveis continuas (idade e parametros
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periodontais). A formula de equilibrio de Hardy-Weinberg (HWE) foi aplicada as frequéncias
de gendtipos entre os pacientes do grupo controle para testar qualquer desvio do equilibrio

esperado do genotipo, usando o teste qui-quadrado.

No Capitulo 2, o teste de Kruskal-Wallis foi utilizado para avaliar a diferencas entre os
parametros periodontais (nimero de dentes, indice de placa visivel, sangramento marginal,
sangramento a sondagem, profundidade de sondagem interproximal e perda de inser¢do clinica
interproximal) em cada gendtipo para cada SNP de forma independente, para avaliar se existia
diferenca entre os gendtipos. No Capitulo 3, foi utilizada uma regressao linear multipla para
avaliar a relagdo dos parametros periodontais (BOP, PPDi e CALi) com cada SNP de forma
independente. Os modelos foram ajustados para idade, sexo e status de tabagismo, que foram

utilizados como varidveis independentes.

No Capitulo 2 foi realizada a comparacdo entre pacientes controle e pacientes com PC
(somando-se pacientes com periodontite moderada e severa). Foram utilizadas trés varidveis
bindrias independentes diferentes no Capitulo 3 (Grupo controle vs. PC moderada, Grupo
controle vs. PC severa, Grupo controle vs. PC moderada + severa) para determinar a associa¢ao
entre cada SNP e o diagndstico de PC. Foram realizadas todas as andlises de associagdo caso-
controle, que incluiram associagdes alélicas e genotipicas. Os gendtipos foram categorizados
em trés grupos (alelo mais frequente homozigoto - 11, heterozigotos - 12 e alelo variante
homozigota - 22). As andlises de Qui-quadrado foram realizadas em quatro modelos: 1) alelo 1
versus 2; ii) gen6tipo 11 versus 12 versus 22 (modelo aditivo); iii) gendtipo 11 + 12 versus 22
(modelo recessivo); e iv) gendtipo 11 versus 12 + 22 (modelo dominante). A associagdo entre
cada SNP com PC foi estimada obtendo-se odds ratio (OR) e intervalos de confianga de 95%

(IC) através de regressao logistica multipla ajustada para idade, sexo e tabagismo.

No Capitulo 3, os polimorfismos dos genes foram avaliados, através do modelo de
regressao logistica, separadamente pelo sexo dos pacientes para investigar a suscetibilidade a

PC género-especifica, ajustada para idade e tabagismo.

No Capitulo 2, examinamos as interagdes multiplicativas e aditivas entre os SNPs e
tabagismo com relagdo ao risco de PC. Andlise de interagdo gene-tabagismo foi avaliada através
de regressao logistica mais do que multiplicativa (por exemplo, Caso / Controle * covaridveis
+ SNP1 + tabagismo + SNP1 x tabagismo). Para a intera¢do aditiva, foram calculadas trés
medidas e seus IC de 95%: 1) Relative Excess Risk Due to Interaction (RERI); 2) Attributable
Proportion due to interaction (AP); e 3) Synergy index (S). RERI ¢é o excesso de risco devido

a uma interagdo relativa para o risco sem exposi¢do. AP refere-se a proporcao atribuivel da
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doenga entre individuos expostos a ambos os fatores, devido a interagdo dos fatores. S € o risco
excessivo de ambas as exposi¢des quando existe uma interagdo aditiva, em relagdo ao risco de
ambas as exposi¢des sem interagdo !7. RERI =0, AP = 0 e¢ S = 1 indicam nenhuma interagao,
enquanto RERI> 0, AP> 0 ou S> | indicam interag@o sinérgica ou mais do que aditiva; e RERI
<0, AP <0 ou S <1 significa interagdo negativa ou menor que a aditiva 3. Se IC de 95% de
qualquer uma dessas medidas ndo incluia os valores nulos (0 para RERI / AP ou 1 para S), a

interagdo aditiva foi considerada estatisticamente significante !7.

A significancia estatistica (p-valor) foi ajustada para 0,0125 (0,05 / 4) no Capitulo 2 e
0,007 (0,05 / 7) no Capitulo 3, de acordo com a correcdo de Bonferroni com base no nimero
total de polimorfismos estudas nos artigos 2 € 3 (n =4 e n = 7, respectivamente), semelhante a

outros estudos 72!,

O software PLINK 22 foi utilizado para detectar diferengas nas distribui¢des de alelos e
genotipos de cada SNP entre os grupos. Todas as outras anélises foram realizadas pelo software
STATA, versdo 12.0 para Mac (Statistics / Data Analysis, Stata Corporation, College Station,
Tex., EUA).
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conditions (which are incorporated herein) form the entire agreement between you and
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WILEY concerning this licensing transaction and (in the absence of fraud) supersedes
all prior agreements and representations of the parties, oral or written. This Agreement
may not be amended except in writing signed by both parties. This Agreement shall be
binding upon and inure to the benefit of the parties' successors, legal representatives,
and authorized assigns.

e In the event of any conflict between your obligations established by these terms and
conditions and those established by CCC's Billing and Payment terms and conditions,
these terms and conditions shall prevail.

e WILEY expressly reserves all rights not specifically granted in the combination of (i)
the license details provided by you and accepted in the course of this licensing
transaction, (ii) these terms and conditions and (iii) CCC's Billing and Payment terms
and conditions.

e This Agreement will be void if the Type of Use, Format, Circulation, or Requestor
Type was misrepresented during the licensing process.

e This Agreement shall be governed by and construed in accordance with the laws of
the State of New York, USA, without regards to such state's conflict of law rules. Any
legal action, suit or proceeding arising out of or relating to these Terms and Conditions
or the breach thereof shall be instituted in a court of competent jurisdiction in New
York County in the State of New York in the United States of America and each party
hereby consents and submits to the personal jurisdiction of such court, waives any
objection to venue in such court and consents to service of process by registered or
certified mail, return receipt requested, at the last known address of such party.

WILEY OPEN ACCESS TERMS AND CONDITIONS

Wiley Publishes Open Access Articles in fully Open Access Journals and in Subscription
journals offering Online Open. Although most of the fully Open Access journals publish
open access articles under the terms of the Creative Commons Attribution (CC BY) License
only, the subscription journals and a few of the Open Access Journals offer a choice of
Creative Commons Licenses. The license type is clearly identified on the article.

The Creative Commons Attribution License

The Creative Commons Attribution License (CC-BY) allows users to copy, distribute and
transmit an article, adapt the article and make commercial use of the article. The CC-BY
license permits commercial and non-

Creative Commons Attribution Non-Commercial License

The Creative Commons Attribution Non-Commercial (CC-BY-NC)License permits use,
distribution and reproduction in any medium, provided the original work is properly cited
and is not used for commercial purposes.(see below)

Creative Commons Attribution-Non-Commercial-NoDerivs License

The Creative Commons Attribution Non-Commercial-NoDerivs License (CC-BY-NC-ND)
permits use, distribution and reproduction in any medium, provided the original work is
properly cited, is not used for commercial purposes and no modifications or adaptations are
made. (see below)

Use by commercial "for-profit" organizations

Use of Wiley Open Access articles for commercial, promotional, or marketing purposes
requires further explicit permission from Wiley and will be subject to a fee.

Further details can be found on Wiley Online Library
http://olabout.wiley.com/WileyCDA/Section/id-410895 .html
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ANEXO B - Comité de Etica e Pesquisa
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Nao autorizo a publicacio deste trabalho até 28 de marco de 2020.
(Direitos de publica¢io reservado ao autor)
Araraquara, 28 de marco de 2018.

Rafael Nepomuceno Oliveira








