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RESUMO

O organismo da mulher sofre diversas alteragdes fisioldgicas, imunoldgicas e hormonais no
periodo gestacional. Na cavidade oral parece haver um aumento na propor¢do de bactérias
anaerobias. Alguns estudos tém pesquisado a associag@o entre problemas bucais na gestacao e
o nascimento pré-termo (NPT). Entretanto, os resultados sdo ainda controversos e os
mecanismos bioldgicos envolvidos sdo pouco conhecidos. Sdo apresentados dois artigos neste
estudo. O primeiro, ja publicado, foi uma revisdo de literatura sobre alteracdes bucais na
gestacdo com o objetivo de discutir alteragdes bucais relacionadas a gestacdo, seus
mecanismos sistémicos e o tratamento odontologico na gestacao, identificou que a inflamagao
dos tecidos periodontais aumenta em extensdo e gravidade durante o curso de uma gravidez
normal, mesmo sem alteragdo na quantidade de biofilme presente. Além disso, o tratamento
odontologico durante a gravidez ¢ seguro, indicado e pertinente, constituindo-se em
importante conduta preventiva para o bindmio mae/filho. O segundo artigo, um estudo de
caso-controle aninhado a uma coorte prospectiva de gestantes na cidade de Sdo Luis-MA,
Brasil (BRISA), tem o objetivo de avaliar a associacdo entre periodontopatogenos em
gestantes e NPT. Neste estudo, utilizando andlise de equagdes estruturais, ndo foi identificada
associacdo entre a presenca de periodontopatdgenos e NPT. Conclui-se que o tratamento
odontologico durante a gestagdo promove beneficios para a saude da paciente, oferecendo
uma condi¢do oral de conforto, funcdo e estética. Além disso, a presenca de
periodontopatdgenos isoladamente ndo representa um fator de risco independente para o NPT,
mas apenas ao considerar conjuntamente todas as infec¢des ocorridas durante a gestagao.

Palavras-Chave: Infeccdo. Doencgas Periodontais. Bactérias Anaerdbias. Nascimento
Prematuro. Gravidez. IL-10. TGF-.



ABSTRACT

The woman's body undergoes various physiological, immunological and hormonal changes
during pregnancy. In the oral cavity appears to be an increase in the proportion of anaerobic
bacteria. Some studies have investigated the association between oral health problems during
pregnancy and preterm birth. However, the results are still controversial and the biological
mechanisms involved are poorly understood. Two articles are presented. The first one, already
published, was a review of the literature on oral changes during pregnancy. The objective was
to discuss the major oral changes related to pregnancy, their possible systemic mechanisms
and dental treatment during pregnancy, found that the inflammation of the periodontal tissues
increases in extent and severity during the course of normal pregnancy, even without change
in the amount of biofilm present. In addition, dental treatment during pregnancy is safe,
suitable and relevant, constituting an important preventive procedure for both (mother/child).
The second article, a case-control study nested in a prospective cohort of pregnant women in
the city of Sao Luis, Brazil (BRISA), aims to evaluate the association between periodontal
pathogens in pregnant women and preterm birth. In this study, using structural equation
modeling, it was found that the presence of periodontal pathogens was not associated with
preterm birth. We conclude that dental treatment during pregnancy promotes the health
benefits of the patient, providing an oral condition of comfort, function and aesthetics.
Moreover, the presence of periodontal pathogens alone does not represent an independent risk
factor for preterm birth, but only when considering all infections during pregnancy.

Keywords: Infection. Periodontal Diseases. Anaerobic bacteria. Preterm birth. Pregnancy. IL-

10. TGF-.
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1 INTRODUCAO

A formacao do biofilme oral ¢ um fendmeno normal que contribui para as defesas
do hospedeiro. Dessa forma, os problemas bucais sdo o resultado de um desequilibrio da
homeostase existente entre as comunidades microbianas no biofilme. Dois exemplos comuns
sdo a carie dentaria e a doenca periodontal (DP). Um iniciador desse desequilibrio pode ser o
excesso de carboidratos, que altera o biofilme supragengival, levando a uma tendéncia ao
crescimento de bactérias mais aciddricas e acidogénicas (como Streptococcus mutans) e,
consequentemente, a carie. Posteriormente, o acimulo deste biofilme, devido a uma pobre
higiene oral, pode resultar em bolsas periodontais, criando meios anaerdbicos e favorecendo a
proliferacdo de bactérias periodontopatogénicas, como Fusobacterium spp e Prevotella spp,
dentre outras (PATIL et al., 2013).

Na gestacdo, alteragdes nos niveis hormonais maternos levam a uma mudanga na
resposta imunoldgica da gestante com o objetivo de fazer com que o organismo materno nao
rejeite o embrido (MICHELON et al., 2006; DAHER e MATTAR, 2009; WATANABE et al.,
2014). Entretanto, essa mudanga torna o organismo da mulher mais susceptivel a infeccao,
inclusive orais (LOE e SILNESS, 1963; SILNESS e LOE, 1964; BARAK et al., 2003; LEAL,
2006; MINOZZI et al., 2008; ARMITAGE, 2013; FIGUEIREDO et al., 2017).

Ocorre ainda diminuicdo do pH e, consequentemente, da capacidade tampdo da
saliva durante a gravidez, o que, junto com a mudanca de hdabitos, contribui para o
crescimento bacteriano e aumenta o risco a carie (LAINE, 2002; MARTINEZ-PABON et al.,
2014) e a doenca periodontal (CARRILLO-DE-ALBORNOZ et al., 2010; REIS et al., 2010).

Além disso, alteragdes no estrogénio e progesterona associadas com a gravidez
também tém um efeito sobre a composicdo da microbiota subgengival (CARRILLO-DE-
ALBORNOZ et al., 2010), tornando-se mais anaerdbia com o progresso da gravidez (REIS et
al., 2010).

Entre as alteragdes orais que acometem mulheres gradvidas mais citadas na
literatura estdo: granuloma piogénico, gengivite e periodontite (GURSOY et al. 2008;
RUSSELL e MAYBERRY 2008; SILK et al. 2008; FIGUEIREDO et al., 2017). Infec¢des
periodontais sdo causadas por bactérias anaerobicas gram-negativas e promovem um aumento
no nivel de prostaglandina, que ¢ um importante indutor fisioldgico do parto (LEAL, 2006).

Estudos de meta-analise evidenciam que a doenga periodontal pode ser considerada um fator
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de risco independente para o nascimento pré-termo (NPT) ou o baixo peso ao nascer (BPN)
(VERGNES e SIXOU, 2007; POLYZOS et al., 2009). No entanto, os mecanismos biologicos
envolvidos nesse processo sdo pouco claros (AZARPAZHOOH e TENENBAUM, 2012;
ARMITAGE, 2013).

O NPT ¢ uma intercorréncia mundialmente relevante por elevar as taxas de
morbimortalidade neonatal (THOMAZ et al., 2015). Percebe-se que, apesar de mudancgas
favoraveis na situacdo sociodemografica, no acesso a servicos de saide e até mesmo na
diminui¢do das taxas de restri¢ao de crescimento intrauterino (RCIU), as taxas de BPN e NPT
tém aumentado no decorrer dos anos em varias regidoes do mundo (BLENCOWE et al., 2012;
BLENCOWE et al., 2013; SILVA et al., 2015).

Algumas hipdteses — neuroendocrina, de intervengdo médica e imunoinflamatoria
— para explicar as taxas de NPT té€m sido levantadas (SILVA et al., 2014). Segundo a hipdtese
neuroenddcrina, fatores como discriminacdo, pouco suporte social, violéncia, estresse e
depressdo, ou mesmo alteracdes genéticas, podem ativar o eixo hipotalamo-hipofisario,
iniciando uma cascata de eventos neuroenddcrinos, mediados pela a¢do de ocitocinas e
prostaglandinas, dentre outros, ¢ culminando com o NPT. Uma segunda hipdtese, a da
intervengdo médica, defende que o aumento das tecnologias médicas tém reduzido as taxas de
natimortalidade por meio de intervengdo cirurgica cesariana, aumentando o NPT (JOSEPH et
al., 2005; BETTIOL et al., 2000; BARROS et al., 2005; SILVA et al., 2004). Uma terceira
hipotese, a imunoinflamatdria, refere que infec¢cdes maternas durante a gestagdo — inclusive a
doenga periodontal — seriam capazes de iniciar uma resposta imunoinflamatoria mediada pela
acdo de citocinas proinflamatorias, induzindo inflamag¢ao intra-amnidtica e trabalho de parto
prematuro (ROMERO et al., 1989; XIONG et al., 2006; MACONES et al., 2004; MOORE et
al., 2004; HUCK et al., 2011; FOXMAN et al., 2014). No entanto, essas hipoteses ainda nao
foram adequadamente testadas.

Especificamente sobre o papel da doenca periodontal e das bactérias
periodontopatogénicas sobre a ocorréncia de NPT, ndo identificamos estudos que avaliassem
os possiveis caminhos causais envolvidos nessa relacdo. Além disso, os resultados de revisdes
sistemdticas e de meta-analises sdo controversos; alguns identificam associacdo (KHADER
YS, TA'ANI, 2005; GEORGE et al., 2011; MATEVOSYAN, 2011; CORBELLA et al., 2012;
STADELMANN et al., 2013) e outros ndo (POLYZOS et al., 2010; UPPAL et al., 2010;
BACCAGLINI et al., 2011; CHAMBRONE et al., 2011; ROSA et al., 2012; BOUTIN et al.,
2013); e alguns alertam para problemas na qualidade dos estudos (XIONG et al., 2007;
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GEORGE et al.,, 2011; RAMCHANDANI et al.,, 2011; CORBELLA et al., 2012;
STADELMANN et al., 2013; LOPEZ et al., 2015).

2 OBJETIVOS

* Discutir alteracdes bucais relacionadas a gesta¢do, seus mecanismos sistémicos € o
tratamento odontoldgico na gestacao;
* Analisar a associagdo mediada por IL-10 e TGF-B entre periodontopatdogenos em

gestantes e nascimento pré-termo.
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3 REFERENCIAL TEORICO

3.1 Gestacao e alteracdes microbioldgicas na cavidade oral

Desde 1980, Kornman e Loesche descobriram que, durante a gravidez, hd um
aumento da propor¢do de bactérias anaerdbias e aerdbias, como Prevotella intermedia e
Porphyromonas gingivalis. Em 1981, Jensen et al. estudaram o efeito de niveis hormonais
sobre o estado gengival de 54 mulheres gravidas, 23 mulheres ndo gravidas que utilizavam
contraceptivos orais e 27 controles ndo gestantes. Eles descobriram que as mulheres gravidas
tinham um nivel de Bacteroides spp 55 vezes maior do que a do grupo de controle ndo
gravidas. Além disso, as mulheres que receberam a terapia de contraceptivos orais tinham um
nivel 16 vezes maior de Bacteroides spp em comparagdo com as mulheres do grupo controle.
No entanto, de acordo com os autores, os referidos aumentos de bactérias especificas parecem
ser ciclicos por natureza, pois seguem as alteracdes fisiologicas normais e geralmente nao
apresentam nenhuma consequéncia. Os autores ndo estudaram a relagdo entre as bactérias e
desfechos gestacionais.

Os hormonios esterdides especificos da gravidez parecem capazes de influenciar a
microbiota normal e induzir altera¢des na ecologia subgengival (RODRIGUES et al., 2004).
No segundo trimestre de gestagdo, ocorre um aumento significante de gengivite e na
propor¢do de bactérias anaerdbias/aerobias. Também foram encontradas correlagdes entre os
niveis de hormonios maternos e Prevotella intermedia (LINDHE, 1997; ARMITAGE, 2013;
CARRILLO-DE-ALBORNOZ et al., 2010) e Porphyromonas gingivalis (CARRILLO-DE-
ALBORNOZ et al., 2010).

A sobrevivéncia das bactérias localmente invasivas, como Prevotella intermedia e
Aggregatibacter  actinomycetemcomitans  (previamente  denominada  Actinobacillus
actinomycetemcomitans) na gestacdo pode também ser explicada por alteragdes imunoldgicas
que aumentam a susceptibilidade para os agentes patogénicos intracelulares (ARMITAGE,
2013). Este autor sugere que, na gestacdo, hd reducdo da atividade antimicrobiana dos
neutrofilos periféricos, componentes essenciais das defesas imunitarias inatas dos tecidos
periodontais. Isso poderia estar relacionado ao bem documentado aumento da inflamacao

gengival observado durante a gestacao (LOE e SILNESS, 1963; SILNESS e LOE, 1964;
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BARAK et al.,, 2003; LEAL, 2006; TSUKIMORI et al., 2006; MINOZZI et al., 2008;
ARMITAGE, 2013).

Diante do exposto, pode-se verificar que as doencas periodontais induzidas por
biofilme, como gengivite e periodontite, sdo infec¢des multifatoriais envolvendo interagdes
complexas de biofilmes microbianos com respostas imunes inatas e adaptativas do
hospedeiro. As alteragdes fisiologicas associadas com a gravidez tém efeitos profundos sobre
as interagdes parasita-hospedeiro encontradas nestas doengas (ARMITAGE, 2013;
FIGUEIREDO et al.,, 2017). Embora os mecanismos responsaveis pelo aumento da
inflamagdo gengival observado durante a gravidez ainda ndo estejam completamente
compreendidos, estd claro que varios fatores, como desordens da funcdo dos neutrofilos,
mudancas na fisiologia celular induzidas por hormonios e efeitos locais sobre a ecologia
microbiana desempenham, conjuntamente, papeis importantes na doenga periodontal.

Os profissionais da satde devem ter conhecimento acerca do aumento na
predisposicdo a tais intercorréncias para esclarecer as mulheres sobre a necessidade de
procurar atendimento odontoldgico na gestacdo. Entretanto, a satide bucal, parte importante e
indissociavel da saude geral, vem sendo pouco abordada e priorizada nas politicas de atengao
a saude das gestantes no Brasil e no mundo (MOIMAZ et al, 2006; RESSLER-
MAERLENDER et al., 2010).

Assim, a aten¢do odontoldégica a mulher no periodo gravidico ¢ indicada e
pertinente, seja como uma prevengao das doencas bucais e suas possiveis consequéncias, seja
para tratar doengas j& instaladas (FIGUEIREDO et al., 2017). Além disso, com certas
precaucdes, o tratamento ¢ seguro. Entretanto, crencas, mitos, receios e resisténcia
dificultaram por muito tempo esse cuidado e, ainda hoje, confundem pacientes e profissionais

(LEAL, 2006; RESSLER-MAERLENDER et al., 2010).

3.2 Imunomodulacio na gravidez

Para o sucesso de uma gestacao, sdo necessarios diversos mecanismos e alteracdes
no organismo da mae, principalmente em seus sistemas endocrino e imunologico. Caso ndo
ocorra essa modulacdo o feto pode ser rejeitado (WATANABE et al., 2014).

O sistema imunologico apresenta dois tipos de resposta: a inata e a adaptativa. A

resposta inata ¢ responsavel por uma reacdo ndo especifica aos antigenos, enquanto a resposta
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adaptativa ¢ extremamente especifica aos antigenos (AAGAARD-TILLERY et al., 2006).
Durante a gestacdao, hd mudangas nas citocinas mediadoras dessas respostas para que o feto
ndo seja rejeitado e o equilibrio imunoldégico seja mantido (WATANABE et al., 2014).
Porém, esse processo ¢ mais dificil diante de infecgdes sistémicas e morbidades como a
hipertensao (MATSUOKA, 2001).

A resposta imunoldgica da gestante sofre, portanto, um abrandamento,
diminuindo a atividade inflamatdéria, com alteracdo nas citocinas 7' helper (Th). Essa
imunomodulacdo ¢ induzida pelos hormonios progesterona e estrogénio, induzindo uma
resposta Th2 do organismo, o que permite a ndo rejeicdo do feto e a manutencdo da gravidez.
Entretanto, as citocinas Thl t€ém um papel essencial para a implantagdo e o desenvolvimento
placentario. Dessa forma, ¢ fundamental o equilibrio entre citocinas Thl e Th2
(WATANABE et al., 2014).

As citocinas do tipo Th1l podem produzir um meio pré-inflamatéorio. O excesso de
citocinas do tipo Thl (IL-2, TNF-a e IFN-y) tem sido relacionado a prejuizos para o feto e
associado com a pré-eclampsia (SZARKA et al, 2010). As citocinas Th2 estdo envolvidas na
regulacdo do desenvolvimento de citocinas Thl e na manutencdo de um ambiente anti-
inflamatorio. As citocinas Th2 tém capacidade para proteger contra a rejei¢do, portanto,
desempenham um papel fundamental durante a gravidez (SYKES et al., 2012).

O balanceamento da resposta imunoldgica da gestante, com controle dos
mecanismos inflamatérios, depende essencialmente da Interleucina 10 (IL-10) e do
Transforming Growth Factor Beta — TGF-B (DAHER e MATTAR, 2009).

A progesterona influencia o balangco Th1/Th2 através do aumento da produgdo de
IL-10 e da diminui¢do da producdo de citocinas Th1 (DAHER e MATTAR, 2009).

A IL-10 desempenha um papel fundamental na manuteng@o e desenvolvimento da
gravidez, contribuindo para a manuten¢do do corpo liteo e placenta (BROGIN MORELI et
al., 2012).

A diminuicdo dos niveis de IL-10 pode inibir a resposta Th2, levando a pré-
eclampsia, NPT e RCIU, eventos frequentemente associados a infec¢do durante a gravidez
(THAXTON ¢ SHARMA, 2010; FERGUSON et al., 2014). E provavel que as infecgdes
bacterianas, virais e parasitarias induzam a resposta imune Th1, promovendo a propagacao do
IFN-y, a regulagdo da IL-12 e a inibi¢do das respostas Th2 (THAXTON e SHARMA, 2010).

Existem, entretanto, muitas divergéncias quanto a associacdo entre o nivel de IL-

10 e NPT, pois niveis mais baixos ja foram apontados como fatores de risco para desfechos
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perinatais adversos, assim como niveis mais elevados (WEISSENBACHER et al., 2013).
Portanto, a relagdo entre os niveis de citocinas anti-inflamatdrias e pré-inflamatorias, doengas
sistémicas, desfechos gestacionais adversos ao nascimento apresenta resultados conflitantes.

O tipo celular Th2 estimula a produgdo de TGF-B, outra citocina
imunossupressora que exerce papel fundamental na imunomodulagio e no estabelecimento da
gravidez, auxiliando na ndo rejei¢do do feto (GORCZYNSKI et al., 2002).

O TGF-B direciona todo o processo de fecundagdo e implantacdo, sendo
encontrado no liquido seminal e produzido precocemente na interface materno-fetal pelo
embrido e pela decidua. Influencia, portanto, na implantacdo e no desenvolvimento
placentério e fetal (DAHER e MATTAR, 2009).

Pela diminuicdo da resposta das citocinas Th-1, o TGF-f cumpre um papel
relevante no sistema imune periférico, mediando a aquisicdo da tolerancia imunologica
(SCHMIDT-WEBER e BLASER, 2004). A tolerancia ¢ essencial para a prevencdo de
respostas imunitarias inapropriadas, sendo um componente essencial para o ambiente uterino,
permitindo a implantagdo do embrido e consequente gestacao (JONES et al., 2006).

O TGF-B estd expresso em trés isoformas distintas no endométrio, o TGF-$2
predominantemente localizado no estroma, enquanto TGF-B1 e TGF-3 estdo presentes no
epitélio e células do estroma (JONES et al., 2006). J& foi observado que niveis séricos mais
baixos de TGF-B1 estdo associados a ocorréncia de RCIU (LI, 2014). Além disso, mutagdes
no TGF-B2 podem interferir na formacdo e crescimento do feto (SHAARAWY, EL
MELEIGY, RASHEED, 2001). Niveis mais elevados de endoglina solivel em gestagdes com
RCIU podem estar relacionados com a hipoxia placentéria, envolvendo o TGF-B3 (YINON et
al., 2008).

O subtipo TGF-Bl atua no desenvolvimento embriondrio e na regulacio
imunoldgica da gravidez, na inibicdo da producdo de citocinas do tipo Thl e promocao da
diferencia¢do Th2 (BRIDOUX et al., 1997).

Somente com o equilibrio e a coordenagdo imunoldgica e hormonal é possivel
ocorrer a tolerancia da mae ao feto (WATANABE et al., 2014). Como essas alteragdes se
fazem sistemicamente, ¢ impossivel dissociar a condi¢cdo oral da gestante ao resto do corpo,
portanto a resposta imunoldgica abrandada interferird também na satide oral da mulher

gravida, tornando-a mais susceptivel a infec¢des orais (FIGUEIREDO et al., 2017).
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Abstract

The aims of this literature review are: to depict the main oral diseases that are related to pregnancy; to clarify some
of the possible systemic mechanisms that are associated with these changes; and to address issues about oral care
during pregnancy. A woman'’s organs undergo various physiological, neurological, and hormonal changes dur-
ing pregnancy. Such changes occur gradually and are essential for the development of the fetus, providing what
is needed for tissue formation and establishment of reserves for uterine and fetal life. In turn, the oral cavity shows
some events during this period. Among the changes most frequently cited in the literature are pyogenic granu-
loma, gingivitis, and periodontitis. The inflammation of the periodontal tissues due to the formation of the biofilm
increases dramatically in size and severity during the course of a normal pregnancy, even without changes in the
amount of biofilm present. In addition, a decrease in salivary pH is observed in pregnant women and may lead to
an increased incidence of dental caries in this period.

Key words: dental caries, endocrine, periodontal diseases, prematurity - risk assessment and prevention, prena-

tal care.
Introduction

During the course of a normal pregnancy, several deep
and dynamic physiological changes occur in both the
mother and the developing baby. Some of the endocrine
and immune changes induced by pregnancy increase the
susceptibility of the mother to various infections, includ-
ing those of the oral cavity."®

Researches have shown that pregnant women are
exposed to a higher risk of gingival alterations. The in-
creased susceptibility to infections in the oral cavity can
occur due to pH decrease and, consequently, the salivary
buffer capacity during pregnancy, which, along with the
change of dietary and oral hygiene habits, contributes to
bacterial growth and increases the risk of caries.””

Among the changes most frequently cited in the liter-
ature are: pyogenic granuloma (Fig. 1), gingivitis (Fig. 2),
and periodontitis (Fig. 3)." It is important to consider

that there is evidence of the association between oral
health during pregnancy and adverse problems, includ-
ing low birthweight, preterm birth, and pre-
eclampsia 61213

Dental care for women during pregnancy is indicated
and appropriate, either as prevention of oral diseases
and their possible consequences, or to treat existing dis-
eases. With certain precautions, the treatment is safe.
Nonetheless, dental care during pregnancy has long
been hindered by various beliefs, myths, fears, and resis-
tance and many patients and professionals are still con-
fused about the topic.*'*

Methods

We carried out a literature review using electronic re-
trieval systems and databases (PubMed [MEDLINE],
ScienceDirect, and Scielo), accessing published work
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Figure 1 Pyogenic granuloma. Note the presence of a lobu-
lated, usually pedunculated lesion, with color ranging
from pink to red or purple.

Figure 2 Gingivitis. Note the increased tissue volume and
more red gum.

from 1960 to 2015. We aimed: to depict the major
systemic manifestations that can interfere with oral man-
ifestations during pregnancy; to highlight the main oral
changes related to pregnancy; and to address important
aspects about dental treatment during pregnancy. We
used the following search terms: ‘prenatal care,
‘endocrine,” “prematurity — risk assessment and preven-
tion,” ‘immunological factors,” ‘periodontal disease,’
‘pregnant,’ and ‘dental caries.”

Results and Discussion

Systemic alterations

A woman'’s body undergoes several changes during ges-
tation. These changes occur gradually and are essential
for the development of the fetus, providing what is
needed for tissue formation and the establishment of
reserves for uterine fetal life.'® The fundamental physio-
logical changes that occur in the body during pregnancy
as well as the immune and endocrine changes that are
related to the most prevalent oral manifestations during
pregnancy are depicted below.

Physiological changes during pregnancy

® Increased heart rate around 10 b.p.m. from 14 to 30
gestational weeks;

® Increased respiratory rate;

e Increased oxygen consumption and a decrease in
residual respiratory volume to about 15-20%;

© 2017 Japan Society of Obstetrics and Gynecology
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Figure 3 Periodontitis. Note the loss of bone tissue.

¢ Increased blood volume by about 1500 mL (normal
volume in women is 4-4.5 L), setting a clinical frame-
work for physiological anemia, which can cause
gingival bleeding;

¢ Fatigue can occur in the metabolism of carbohydrates,
requiring an increase in levels of insulin and can thus
convert asymptomatic subclinical diabetes into clini-
cal diabetes mellitus, which in turn is called gesta-
tional diabetes. This increases the risk of gingival
and periodontal diseases.'®

Immunological changes and their oral implications during

pregnancy

* During pregnancy, there is a reduction of antimicro-
bial activity of peripheral neutrophils, essential com-
ponents of the innate immune defenses of the
periodontal tissues. This could be related to the well-
documented increase in gingival inflammation
observed during pregnancy;

* Predilection for inflammatory gingival and periodon-
tal diseases during the imbalance of sexual hormones;

¢ The prevalence and/or worsening of an existing gum
disease is higher during pregnancy due to the sharp
response to the biofilm;

e The effects of pregnancy on pre-existing gingival
inflammation can be felt from the second month
because it is at exactly this point that an elevation on
plasma levels of estrogen and progesterone occurs.
This level reaches its peak in the 8th month, when
the gravidarum gingivitis reaches its maximum
severity. "’

Hormonal changes and their oral implications during

pregnancy

* Microcirculatory system alterations produced by the
hormones estrogen, progesterone, and chorionic

gonadotropin lead to the following changes: swelling
of the endothelial cells, increase of platelets and

17
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leukocyte adhesion to vessel walls, formation of
microthrombi, disruption of perivascular mast cells,
increased vascular permeability, and vascular
proliferation.’®

* The estrogen affects the salivary peroxidases, operat-
ing against various types of bacteria by changing the
oxidation-reduction potential.’”

* Both estrogen and progesterone, associated with in-
flammatory mediators, can promote changes in vas-
cular responses and connective tissue turnover in the
periodontium. This association may explain the
higher prevalence of inflammation during periods of
hormonal fluctuation."”

* Well-documented changes in the microbiota occur
during these hormonal changes with an increase in
the proportion of anaerobic and aerobic bacteria, such
as Bacteroides melaninogenicus, Prevotella intermedia,
and Porphyromonas gingivalis."®

One of the main changes in the immune system dur-
ing pregnancy is the partial mitigation of the immune
responses that are mediated by the mother’s cells, as
50% of the antigens in the cells of the fetus are derived
from the father, and these cells are chronically exposed
to the mother’s immune system. Several complex physi-
ological changes are therefore induced during preg-
nancy in order to prevent immune rejection in the
mother’s body of her fetus.® The adjustment of the
mother’s immune system occurs soon after birth. Linked
to this post-partum recovery of inflammatory responses,
some latent infections that had been suppressed during
pregnancy might be activated. This phenomenon has
been called “immune reconstitution syndrome.”’

Although the biofilm has long been established as an
etiological factor sine qua non for the development of
periodontal disease,?! it has also been shown that the
biofilm is not likely the sole cause, as merely the presence
of periodontal pathogens is not sufficient for disease to
occur?? Hence, there must be an understanding on
how systemic factors may influence the development,
progression, and severity of periodontal disease. This
aspect has been addressed in the classification of peri-
odontal disease proposed by Armitage in 1999, when
he included those diseases related to sexual hormones
in the following categories: gingivitis associated with
puberty, gingivitis associated with the menstrual cycle,
and pregnancy-associated gingivitis.®

During pregnancy, women can produce large
amounts of sexual steroidal hormones, such as estrogen
and progesterone. According to Lindhe ef al.,? gingival
inflammation triggered by biofilm can be accentuated
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by these hormonal changes, especially in the second
and third trimesters of pregnancy. In 2000, Tilakaratne
et al** conducted a controlled study in a rural commu-
nity in Sri Lanka to evaluate periodontal disease during
pregnancy as well as at 3 months post-partum. The
authors found that the incidence of gingival bleeding
during pregnancy increased significantly compared
with the control group, being more significant in the
third trimester, despite similar levels of biofilm between
the groups. Furthermore, the bleeding index had
decreased at 3 months post-partum. Markou et al.”
agreed with these results, stating that changes in the gin-
gival tissues are not only caused by hormonal changes,
and that these reactions may also enhance the periodon-
tal tissues’ reaction to the biofilm, thus contributing to
the installation of periodontal disease.

Main oral manifestations in pregnant women

It is well known that due to some systemic changes, the
situation of pregnancy exhibits a greater predisposition
for some oral problems. Salivary disorders, such as
reduction of pH and buffer capacity, may lead to an
increased risk of oral diseases, including caries, gingivi-
tis, and periodontal disease.® The following section will
discuss the conditions most commonly addressed in
the published work.
Pregnancy and high susceptibility to pyogenic granuloma
Gingival pyogenic granuloma is a nonspecific inflamma-
tory lesion that can occur in both sexes. However, it is
closely related to the gestational period. When this lesion
is found during pregnancy, it is called ‘granuloma or
pregnancy tumor.” Characteristically, it presents as a lob-
ulated, usually pedunculated lesion, with color ranging
from pink to red or purple; it has a fast-growing and var-
ied size, and can bleed profusely when touched® Further-
more, it is more common in the anterior and buccal
aspect of maxilla, beginning at 23 gestational weeks.'”
Gingival pyogenic granuloma occurs in 0.5-5% of preg-
nant women and regresses spontaneously after child-
birth, which makes it associated with hormonal
changes.'”?®

Notwithstanding the fact that the causes of pyogenic
granuloma development have not yet been clarified,
most of the injuries are associated with the presence of
local irritants.”?® However, some authors have reported
that the pathogenesis of the lesion is linked to female sex-
ual hormones, which stimulate an increase of the local
production of angiogenic factors, such as vascular endo-
thelial growth factor?* This was confirmed by the
study of Cardoso et al.”” who observed an association
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between pyogenic granuloma and pregnant women
aged older than 25 years in the first trimester (50%,
P = 0.05) and between granuloma and pregnant women
aged 26-35 years in the third trimester (78.9%, P = 0.001).
According to Armitage,® clinical symptoms associated
with pyogenic granuloma during pregnancy are
relatively small, and usually include bleeding gums,
sensitivity, and aesthetic problems.

Treatment for this condition may include surgical
removal, especially if the lesion is large and symptom-
atic. Nevertheless, in many cases, pyogenic granuloma
decreases partially or completely after childbirth, partic-
ularly if local irritants are removed.®

Effects of pregnancy on periodontal diseases

Taking into account the profound disturbances in the
maternal immune system during pregnancy and in the
post-partum period, it is not surprising that clinical and
biological characteristics of periodontal infections are
affected.® The percentage of pregnant women who need
periodontal treatment can reach 100%.%

According to Rodrigues et al.,* pregnancy and specific
steroid hormones seem to be able to influence the normal
microflora and induce changes in the subgingival ecol-
ogy. In the second trimester, there is a significant increase
of gingivitis, and in the ratio of anaerobic and aerobic
bacteria; also, there is a correlation between plasma
levels of estrogen and progesterone and the presence of
B. melaninogenicus sp (singular species) intermedius.

On the other hand, studies conducted by Figuero
et al.*® and Carrillo-de-Albornoz et al.** despite having
found an increase in gingival index during pregnancy,
have found no relation between gingivitis and increase
in levels of hormones in saliva during pregnancy.

Despite several results of epidemiological studies on
the causes, there are abundant data and a general con-
sensus that the severity and extent of gingival inflamma-
tion tends to increase during pregnancy.”>*>® In
addition, cohort studies that compared pregnant and
non-pregnant women without periodontal disease
showed that there was more gingival inflammation
during pregnancy, even though there were no significant
differences in the plaque scores.>***

In some cases, the gingival inflammation is severe
and may be accompanied by intense bleeding and gin-
gival sensitivity.® Longitudinal studies have shown that
during pregnancy, the probing depth increases as the
gingival inflammation worsens.”*® The increase in the
probing depth was attributed to the movement of the
gingival margin coronally due to swelling induced by
inflammation. In turn, Gilirsoy et al’ found that,

© 2017 Japan Society of Obstetrics and Gynecology
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generally, there is no permanent loss of clinical attach-
ment. Nonetheless, in some pregnant women, espe-
cially those who acquired chronic periodontitis before
pregnancy, progression with periodontitis occurs after-
wards.*®* In fact, during pregnancy, there are some
changes in the interactions between periodontal micro-
biota and the host, which can be favorable for peri-
odontal damage.® Regarding the role of cytokines,
expression levels of interleukins (IL-1B and IL-6), tu-
mor necrosis factor-a, and inducible nitric oxide syn-
thesis were recently evaluated in pregnant women
with and without periodontal disease compared to
non-pregnant women with and without periodontal
disease, and it was found that this disease is not influ-
enced by pregnancy.*’

Previous analyses of microbiological culture have
demonstrated that changes in estrogen and progesterone
associated with pregnancy have an effect on the compo-
sition of the subgingival microbiota,**! which was also
confirmed by more recent studies.’>** Reis et al. corrobo-
rate this assertion by reporting that the subgingival mi-
crobiota becomes, with the progress of pregnancy,
more anaerobic.*?

Correlations were found between the levels of mater-
nal hormones and P. intermedia,'*** P. gingivalis,** and
species of Bacteroides*' and Campylobacter retus.*®

Among the immunological changes associated with
pregnancy is an increase in susceptibility to intracel-
lular pathogens, and it is not surprising that the
survival of locally invasive bacteria, such as P.
intermedia and Aggregatibacter actinomycetemcomitans,
increases during pregnancy.’® It is very likely that
the reduction in bactericidal activity of peripheral
neutrophils in pregnancy is related to the well-
documented increase in gingiva inflammation seen
during pregnancy.**

Given the assertions above, it can be seen that biofilm-
induced periodontal diseases, such as gingivitis and
periodontitis, are multifactorial infections, which involve
complex interactions of microbial biofilms with innate
and adaptive immune responses of the host. The physio-
logical changes associated with pregnancy have pro-
found effects on host-parasite interactions found in
those diseases.® Although the mechanisms responsible
for the increase in gingival inflammation observed dur-
ing pregnancy have not been fully elucidated, it is clear
that several factors, such as disorders in the neutrophil
function, changes in cell physiology induced by hor-
mones, and local effects on the microbial ecology, play
an important role in the process of periodontal disease
as a whole.
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Salivary changes and risk of tooth decay

Higher incidence of dental caries in pregnant women
than in non-pregnant women has been observed in dif-
ferent studies.”” During pregnancy, dietary changes
are common, such as regular consumption of snacks,
sugary drinks, and citrus foods, to satisfy desires or pre-
vent nausea. Such habits may lead to a drop in salivary
pH, thus favoring an increase in the number of acido-
philic microorganisms.**’ Jain and Kaur"” observed an
increase of Streptococcus mutans and Lactobacillus levels,
especially in late pregnancy, comparing the saliva of
pregnant with non-pregnant women.*”

However, a poor oral hygiene practice is often
observed during gestation, which may explain an
increase in bacterial growth in the oral cavity, leading
to an increased incidence of dental decay, as well as the
gingival and periodontal changes.

It can be deduced that most of these effects on the oral
tissues during pregnancy could be avoided by practicing
proper oral hygiene and clinical dental follow-up.”*”

Dental management during pregnancy

Many authors*®1>3#8 state that pregnant women

should be considered as a priority population group
for dental care because:

1 Pregnant women can have some oral changes specific
to this period;

2 They may have accumulated necessities that can jeop-
ardize their own health and that of their children;

3 They should be targeted by health education pro-
grams because they have a core role in the attitudes
in the family network, influencing eating and hygiene
habits of all family members;

4 They are a group that is easy to access during gesta-
tion, consistently attending health services, which
are an important facilitator; furthermore, they can
be enrolled in programs with scheduled intervals
and a failure to address them would be a missed
opportunity.

The simple incidence of oral problems in pregnant
women has already justified the need for treatment in
this group.” Furthermore, the vertical transmission of
pathogenic oral microorganisms has been a concern,
when pathogens are transmitted between members of
the same family, and the first oral colonization is
established between 5 and 7 years old. Children of
mothers with periodontal disease are at high risk of
developing destructive periodontal disease according
to Asikanen ef al.*°
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Another very important aspect is that studies have in-
dicated associations between periodontal disease and
preterm birth as well as low-birthweight babies.>~>*
Periodontal infections are caused by Gram-negative
anaerobic bacteria that promote an increase in the level
of prostaglandin, which is an important physiological
inducer of early childbirth.

Therefore, oral treatment during pregnancy is also
necessary in order to minimize the risk of complications
and the transmissibility of microorganisms; it has
become an important preventive procedure for the
mother and child. Hence, diagnosing and treating oral
diseases that can compromise a mother’s oral health
and her baby are key steps to ensuring a safe prenatal
period.**

Conclusion

During pregnancy there are changes in the adaptive im-
munity that results in an impact on the clinical course of
various infectious diseases. Due to the formation of the
biofilm, the inflammation of the periodontal tissues in-
creases dramatically in size and severity during the
course of a normal pregnancy, so it is extremely impor-
tant to include visits to the dentist during the pregnancy
period.

Moreover, it should not be forgotten that controlling
and treating oral infections, alone, are promoters of
health benefits for these patients, offering them an oral
condition of comfort, function and aesthetics.
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Abstract

Purpose The association between periodontopathopenic microbiota and preterm birth (PTB) has been overly studied. How-
ever, the biological mechanisms involved are little known. The objective is to evaluate the effect of periodontopathopenic
bacteria burden (PBB ), periodontal disease and other inkections during pregnancy on preterm birth (PTB), through Structural
Equation Modeling.

Methods This was a case—control study nested in a prospective cohort called BRISA, including 330 pregnant women, 110
cases and 220 controls. This study included the following varizbles: cytokines interkeukin-10 (IL-10) and transforming
growth factor beta (TGF-p), periodontal disease, PBB, ape, socioeconomic status (SES), systemic infections and PTB. The
corm lations between variables were analyzed using Standardized Coefficent (SC).

Results Greater PBB interfered positively with the occurrence of periodontal disease (SC: 0.027; pz0.011), but these were
not associated with the cytokines studied, nor with PTB. The lower serum levels of [L-10 (SC —0.330; p0.022) and TGF-p
(SC —0.612: p <0.001), and the presence of other sysemic infections during pregnancy (SC 0.159; 0.049) explained the
higher occurence of PTB.

Conduslon It is possible that only the mom severe periodontal disease and other systemic inections are capable of altering

the cascade of cytokines regulating the inflammatory process and have an effect on the occurrence of PTB.

Keywords Infecton - Periodontal diseases - Anaerobic bacteria - Premature birth - Epidemsological studies
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Introduction

Preterm birth (PTB) is the second leading cause of death in
children under five and is one of the msjor risk factors for
neonatal infections and growth disorders [ 1, 2]. The etiology
of PTB has not yet been fully elucidated. However, socio-
economic conditions, maternal sy stemsc, and oral inections
have been identitted as important risk factors for this out-
come [3, 4].

Maziernal infections may trigger inflammatory msponses
in the mother and fetal tissues that may lead to prostaglandin
production, increased myometrial contractility, rupture of
fetal membranes, and consaquent PTB [4-6]. However, no
study has simultaneously evaluated whether these systemic
infectons—backerial vaginosis, urinary tract inlection, mea-
shes, chickenpax, rubella, toxoplasmosis, and syphilis—and
periodontal disease may interfere with PTB.
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Systemic infections may interfere with the inflammatory
process and aler the number of regulatory cytokines, such
as inierieukin-10 and TGE. However, the pathophysiological
mechanism is not yet known, nor is it known whether the
inflammatory response of systemic in®ctions difters from
oral inkctons, such as periodontal disease [7, 8], for the
PTH outcome.

The relationship between periodontal disease during
pregnancy and the occarrence of adverse outcomes at hirth,
such as PTB. is still controversial [9-11]. The severity of
periodontal disease in pregnant women has been considered
a potential risk factor for the occurrence of PTB [9, 10]. The
mechanism invoived has not been fully elucidated, but there
are two proposed pathways in which periodontal disease can
be associaied with PTB: (1) directly, when the periopatho-
pens invade the fetal-placental unit. subsaguently stimulating
the inflammation; or (2) indirectly, when systemic inflam-
matory mediators act simultaneously with inflammation in
the periodontal tissues [12, 13].

Them are systematic reviews and metzanalyses (9, 11,
14] in which women with periodontitis were at increased
risk of having babies with PTB. However, in 2 meta-analysis
that included articles evaluating the effect of periodontal
treatment during pregnancy on adverse outcomes at birth,
no effect reversal was observed [15].

The distinct criteria for the diagnosis of periodontal dis-
ease may contribuie to the under- or ovemstimation of this
disease etfect on the PTB [11]. How the PTB is classitied,
and the variability of settings used for confounding adjust-
ment can also be responsible for differences in the results
|15]. Themfore, the infectious mechanisms involved in the
PTB are not fully understood.

Periodontal disease is an oral condition whose diagno-
sis is difficult to ascertain. In the prsent study, “Periodon-
topathogenic Burden™ was a continuous latent variabie,
deduced from the observed correlations [ 16] amonp four
baceria: Aggrepatibacter actinomycaemcomitans, Fusobac-
terium nucleaum, Porphyromonas gingtvalis, and Prevotella
intermedia. This strategy reduces measurement error [ 16].
Nevertheless, the presence of these bacteria is not enough
by itself to measure periodontal disease. Therefor, we also
considered other indicators as part of the theoretical model,
like periodontal probing depth, clinical attachment level. and
bieeding on probing. Furthermore, we are going to st direct
and indirect associztions between the risk tactors and PTB.

Studies evaluating factors associated with PTB used 2
traditional multiple regression approach [13, 17-19]. with-
out analyzing the direct and indirectefiects of a set of inde-
pendent variables on this outcome. The classic analytical
methods cannot deal with this kind of complexity. Therfore,
we advocate the use of the Structural Equation Modeling—
SEM—to analyze different pathways. SEM may be a better
tool for studying complex phenomena [ 16].

4} Springer

The present study aimed to evaluate the effect of PBB,
periodontal disease (PD), and other infections during preg-

nancy on PTH. as well as the possible explanatory pathways
(direct and indirect) of these associations, through SEM.

Methods
Study design and sample characterization

We developed 2 case—control stady nested to the prospective
BRISA [20] cohort. The reference population consisied of
pregnant women who receivad prenatal care in public and
private health services and were reterred to the University
Hospital of the Federal University of Maranhao, where they
underwent ultrasonography between 22 and 25 months of
pestational ape (GA) and wem inciuded in the study.

The recruitment took place between 022010 and
1172011, involving 1.447 pregnant women (baseline or T 1).
Ot these, 66 did not show up to follow-up visits or did not
answer the questionnaires. A total of 1381 (93.94%) were
followed up on at the ime of the baby's birth (T2). For this
study, all pegnant women whosa babies were born preterm
(n=110) and a control samplke, 2:1 (n=220), selected by
simple random draw without replacement. were included
in the study, of which pregnant women whose babies were
born fulk-term, totalizing 330 dyads (pregnant women and
children).

Sample power calculation

We estimated that this sample size would have an 87% prob-
ability to identify significant odds ratios of 2.5, considering
a 5% probability of type | error and prevalence of 12.0% of
eXpOosUR Mo controls,

Data collection

In the baseline, the fllowing variables wem collected: age
(in years). economic ciassification according to the Brazilian
Association of Study and Research (ABEP in Portuguese)
[21] criteria, income, PBB measured from the gingival crv-
icular flusd, periodontal clinical parameters and serum [1L-10
and TGF-p.

Duly trained examiners (Kappa > 0.80) collected the gin-
gival crevicular fluid and gauged the periodontal clinical
parameters.

We collected the gingival crevicular fluid of the preg-
nant women through an absorbent paper cone, which was
tilled into tubes containing 5 mM of EDTA solution. Sub-
sequently, the saliva was clarified through centrifugation
at 13.000 rpm in a cooked microcentrifuge (at 4 °C) and
then frozen at— 70 “C. We performed Izboratory tests for
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determining the PBB in the gingival crevicalar fluid using
checkerboard DNA-DNA hybridization technology [22].
We evaloated 13 different types of bacteria, but, for this
manuscript, we seleced four periodontopathogenic bac-
leria: Apgrepatibacter aainomycetemcomitany (ATCC
29.523), Fusobacterium nucleatum (ATCC 25,586). Por
phyromonas pingivalis (ATCC 33,277) and Previella
intermedia (ATCC 25,611) [22].

The following periodontal clinical parameters were
measured: Periodontal Probing Depth (PPD), Clinical
Attachment Level (CAL), and Bleeding on Probing (BOP)
in all teeth, except third molars, in six sites per tooth 23]
with the aid of millimeter periodontal probe (North Caro-
lina no 15/ WHO # 11.5. Hu-Friedy, Chicago, USA). We
measured periodontal disease from the gingival margin
1o the most apical extension of the sulcus or pocket. We
estimaed the CAL from cement-enamel junction 1o the
most apical ex tension of the sulcus or pocket. We veritied
the BOP by the presence or absence of bleading ater pers-
odontal probing.

During the baseline. blood samples from pregnant
women were collected through venipuncture by 2 nursing
technician. The blood was submitted to the ELISA st to
determine the presence and guantity of cytokines interleu-
kin-10 4 1L-10) and transforming growth factor beta (TGF-
p). All used reagents wem from the cytokine kit ThI/Th2/
Thi7 purchased by Becton Dickinson Biosciences (San
Jose,CA, USA) [24].

In the second stage (T2), we collecied data regarding GA
and the following systemic infctions during pregnancy:
bacterial vaginosis, urinary tract in®ection, measikes, chick-
enpox, rubella, toxoplasmosis, and syphilis. The women
underwent a gynecological examination with the use of &
disposable speculum. The criteria for the diagnosis of bac-
terial vaginosis wem Nupent score and/or the presence of
indicator cells [25). We considered the presence of a >7
soom as indicative of bacterial vaginosis. For the other infec-
tions, we inerviewed women using a structured guestion-
naire. We asked about the presence of one or more of the
systemic infections (lisied above) dizpnosed by a doctor,
nurse, or dentist.

We assessad GA through an algorithm obtained from the
ultrasound performed in the first trimester of gestation and
by the date of the last menstrual period (LMP).

Observed variables

(1) Materna! age (in years): (2) periodontal disease (yes,
it PD >4 mm, presence of BOP and CAL> 4 mm, or not);
(3) systemic infections in pregnancy (yes, if you have at
least one of the above infections, or not); (4) PTB (yes if
GA <37 weeks, or not).

Latent variables

1. Socioeconomic status (SES)—it consisied of the fol-
lowing variables: {(a) monthly tamily income basad on
the Brazilian minimum wage (R$ 510.00 / US$ 296.51
in 2010), categorized as: less than 1 salary, from | to
3 salaries, 3-5 salaries and higherfequal to 5 salares;
(b) occupation of the head of household (unskilled
labor, semi-skilled 1abor, skilled labor, office roks,
protessional of higher kevel and administrators’manag-
ers/director/ow ners); and (¢) economic class accord-
ing to the Brazilian Criteria of Economic Classifica-
tion—BCEC (In Portuguese: Critério de Classificagio
Econdmica Brasit—{CEB) [21], categorized as A/B
(best), C and D/E (worst).

PBB—it consisted of four types of periodontopatho-
penic backeriza, identitted in the pinpival crevicular fluxd
of pregnant women: Aggrepatibacter actinomycetem-
combtans, Fusobacterium nucleatum, Porphyromonas
gingivaliy, and Prevotella intermedia.

Statistical analysis

In the analysis, we estimated the absolute and percentage
frequencies and 95% conndence intervals (95% CI) for cat-
eporical varizbles, as well as means (+ standard deviations)
or medians (+ inerquartile deviations), espectively, for
numerical variables with the symmetric or asymmetric dis-
tribution. We used Stata 14.0 (Stata Corp.. College Station.
United States) for this purpose.

To investipate the effects (direct, indirect and total) of
PBB, Periodontal disease and other infections in pregnant
women on PTB, adjusted for confounders, a theoretical
model was initially proposed (Fig. 1), which were tested
by SEM. using the software Mplus 7.0 (Muthen & Muthen,
Phitadelphia, Pennsylvania, United States).

The SEM is a echmigue to deal with multiple dependency
relations simultancously and to be able to represent concepts
not observed in these relations, reducing the measurement
error in the estimation process. This statistical analysis esti-
mates a series of multiple regression eguations. The modal
is a supposad patern of direct and indirect linear ®lations
between a set of observed variables and constructs [16].
It consists of two sub-models: the measurement model,
which establishes how the constructs are measured; and the
structurzl mode!, which analyzes the theomtical model as 2
whole, where the associations among the variables am esti-
mated by Standardized Coefticient (SC). We interpreted the
SC of the structural mode| as follows: coefficients with val-
wes close to 0.10 indicake a small effect, around 0.30 indicae
minor effect and above 050 indicate a major effect. Nepative
SCs indicae inverse association and positive SC indscates a
direct association | 16].

[
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The elaboration of a latent variablke is carried out in the
measurement maodel, where l1atent variable indicators are
specitiad. A pood latent variable has convergent vatidity,
verified by standardized factor loadings with high valves
(greater than 0.50) | 16].

We evaluated the study model by the adjustment
index. including RMSEA (Root Mean Sqguare Error of
Approximation), CFl (Comparative Fit Index), TLI
(Tucker-Lewis Index) and WRMR (Weighted Root
Mean Square Residual). Acoeptable index values were
considered for the models: RMSE < 0.05; the upper im-
its of 9% CI of RMSEA < 0.08: the values of CFI and
TLI > 0.95: WRMR < 1.00. We also evaluated the Chi
square, degrees of freedom and p value, but we did not
adopt them as parameters for the mode! adjustment. given
its sensitivity to the sample size (19). We considered
the WLSMV estimator (Mean- and Variance-Adjusted
Weighted Least Squares) which incorporates cate gorical
variabies [ 16]. The associations were estimated using the
SFL, considering a 5% alpha.

£ Springer

Proposed theoretical model

For the construction of the theoretical model, we inferred
that high PBB and the prsence of PD activity during preg-
nancy might increase the probability of occurrence of PTB
117]. We also considerad that the prsence of systemic infec-
tions [26] during pregnancy might interfere with the pro-
gression of PD in PBB as well as in the PTB outcome [27].
We also believed that these infectious pathways coukd be
explained dimctly or mediated by the action of cytokines
IL-10 or TGF-§ [27] (Fig. 1).

Results

We included 330 women: 110 with chikdren born preterm
and 220 full-term. The average age of women was 25.9
(4 5.7) years, ranping from 15 to 45 years. A higher pro-
portion of women with a family income of 4.7 minimum
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wages was observed, with 17.9% in the labor market,
belonging to social class C (67.3%) (Table 1).

Table 2 shows the adjustment index of the models
tested. All adjustment indicators were satistactory for
the model.

The variables that formed the latent SSE and PBB pre-
sented SFL greater than 0.5, indicating good convergent
validity (Tabk 3).

The higher PBB intertered positively in the occurmnce
of PD(SC 0.027; p 0.011). We observed that lower serum
levels of 1 L-10 explain the presence of systemic infections
(SC —0.317; p 0.005). The lower serum levels of [L-10
(SC—-0.330; p0.022) and TGF-p (SC - 0.612; p<0.001)
and the presence of other systemic infections during preg-
nancy (SC0.159;0.049)explain the higher occurrence of
PTB (Tabke 4).

Discussion

Higher PBB had a direct and positive efiect on pariodontal
disease activity in pregnancy, but these factors did not
increase the risk of PTB. The lower serum fevels of IL-10
were explained by the presence of systemic infections dur-
ing pregnancy. The presence of systemic infections and the
lower serum kevels of [ L-10 and TGF-p contributed to the
increase in PTB.

The pathogenesis of the periodontal disease is a result
of the accumulation of bacterial species in subgingival
biofilm, particularly by Gram-negative anaerobic and
microaerophilic bacteria, such as Porphyromonay pingi-
valis, Prevotella intermedia. Prevotella nigrescens, Tan-
nerella forsythia, Treponema denticola, Fusobacterium
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Index Mode!
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ox.Cl 00000041
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cie 0.995
TU* 0.993
WRSM' 0.706

*Certatying Chi sguare—»2 (reference: lowest value)
*Imterval 90%. comfidence (reference: 1C 0% upper bownd less than
0.08)

“Roct Memn Sgaare Error of Appnximation—RMSEA (mexne:
less than0.05)

“Companstive Fit Index—CF1 (mexnae: greser tham 0.90)
“Tucker-lewis Index —TF] (= e2nce: greater thas0.90)

"Weighted Root Mesn Square Residual - WRMR (meference: kess than
1.00}

Table3 Facor loadings, standand ermors, 2ad P values for indicators
of the lmient varizhles - BRISA (2011-2013)

Latent variahle Factor loading  Stamdard error P vakee
SES
Incoene 0680 0078 <0001
BCEC 0647 0073 <0001
Ocupation 0588 0049 <0001
PBB
Agprepatibucte atine 0952 0033 <0001
My escomilony
Prevatella ivermedia 0977 0032 <0001
Porphyrewamas pingi- 0922 003s <0001
waliy
Fusobacterism nelea. 0872 0.040 <0001
lum

BCEC Brarilian economic classibction criteria, PAF periodon-
topathogenic bacteria burden, SES socieconomic states

nucleatum, Ag gregatibacter actinomycetemcomitans, and
Campylobacter rectus |28-30]. The association between
PBB and periodontal disease corroborates the idea that
oral microbiota becomes more pericdontopathogenic in
pregnancy |17]). However, the evidence from previous
studies is limited, since it is difficult to measure both peri-
odontal disease and the dynamics of this microbiota |31,
32].

Various types of analysis and models have been helpful
in understanding the maultifactorial causes of periodontal
disease [28-30]. Although the PBB has consisted of four

&) Speinger

ty pes of periodontopathogenic bacteria, we also evaluated
some other bacteria—Morax catarrhalis, Pseudomonas
aeruginosa, Haemophilus influenzae, Streptococcus gor-
donii. Streptococcus mutans, Streptococcus sobrinus,
Streptococcus intermedius, Streptococcus constellatus,
and Streptococcus mitis. However, we seleced for our
study those most associated with periodontal disease
|28-30], as well as those that produced a good constract
(latent variable—PBB), with the best nt indices of the
model. Although the restriction to only four bacteria is
a limitation of our study, the formation of a latent PBB
variable reproduces more accurately the specific coag-
gregation ineractions between the periodontopathogenic
microorganisms that occur during periodontal disease.

PBB and periodontal disease did not affect PTB. Stud-
ies on the relationship between PD) and adverse perina-
tal outcomes present conflicting resalts [8, I8, 33-35].
Meta-analysis studies have yielded controversial resuits
[9, 11, 15]. Some showed an association between peri-
odontal in®ction and PTB [9, 11], whike others did not
observe any association [15). Therefore, there are still
doubts reparding these inconclusive msults. These ditler-
ent results may be partially explained by the heteroge-
neity of the diagnostic criteria and the classification of
periodontal disease. In this study, we measured the clini-
cal parameters for periodontal disease in all weth, which
reduces the issues regarding the under- or overestimation
of this exposure. Furthermom, ditlerences in study design,
sample size, and s2lection can also be responsible for dif-
ferences in the results found [15]. In addition, the vari-
ahility of settings for confounding may be 2 source of bias,
1o the point where in®ctious mechanisms involved in the
PTB are not fully understood |12, 13]. Furthermore, it is
possible that the association between periodontal disease
and PTB is influenced by other systemic infections and
inflammatory mechanisms [36].

T lymphocytes piay an important roke in pe gnancy main-
enance, espacially in the balance between the T hefper |
(Th1) response, predominantly proinflammatory, and the
T helper 2 (Th2), predominantly anti-inflammatory [37].
Activation of regulstory T cells (Treg) | 38] teads to the pro-
duction of interleukin-10 (IL-10) and transforming growth
factor g (TGF-p). which act by inhibiting the inflamma-
tory response |39]. In front of sysiemic infctions, the Th2
response is suppressed, thus compromising this immune
balanoe [40].

The lower levels of I1.- 10 were explzined by the occur-
rence of systemic infections during pregnancy. This result
corroborates the literature, since the deficiency of this
cytokine is associa®ed with hypoxia and viral and/or bac-
terial ingections. [L-10 stimulates the production of tolero-
penic dendritic cells, essential for the machanism of mater-
nal immunological tokrance. However. in the presence of
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systemic infections. there is a decrease in levels, which
compromises this immune balance [41-43].

The decrease in IL- [0 levels and the lower serum
TGF-p levels explained the higher occurrence of PTB.
These results are foltowing the studies of Ruiz et al. (2012)
|44] and Harperet al. (2013) [44], in which PTB was asso-
cia®ed with low serum levels of IL-10. However, 2 posi-
tive correlation between [L.-10 and PTH has aiready been
observed, suggesting that IL-10 can also be considered
a biomarker of inflammation [45]. Theretore, the results
are also undertined by major discrepancies. We speculate
that there may be different subtypes of [L-10. as well as
different subty pes of TGF-p [46_ 47].

TGF-p is essential in maternal immune responses. It
acts by decreasing the response of Th-1 cells and is essen-
tial for embryo implantation, growth, and maturation of
the fetus [48]. Decreasad levels of this parameter may con-
tribuge to the development of PTB [48]. However, higher
levels of TGF-§§ were associated with a grater chance of
PTB <35 weeks |37]. whereas in another study this asso-
ciation was not detected [49].

The divergence of the results regarding the role of
these cytokines in the occurrence of PTB can be partially
explained by methodological differences in the study
design. size, and period to collect the biological samples
for determining the serum lkevels of these cytokines, in the
criteria for the GA classitication and in the varizbles taken
into account for the model adjustment.

The presence of systemic infections during pregnancy
explained the higher occurrence of PTB. This msuit is in
line with the current literature, since the intra-amniotic
inflammation can occur due to the presence of microor-
ganisms (bacteria, parasites or viruses) or other disease
me chanisms, in which the necrosis or the cellular stress

induce the release of important inflammatory madiators in
the induction of PTB [50, 51].

The acting mechanism of this possible association is not
fully elucidated. [t may be mediated through prointlamma-
tory cytokines with the release of prostaglandin, increased
uerine contractility, favoring premature rupture of fetal
membranes [ 52). Another possibility is that systemic inkc-
tions may unhalance the expression of ® gulatory cytokines,
such as IL- 10 and TGF- . increasing the risk for PTB [24].

A limitation of our study was that infectious diseases,
during pregnancy, except bacerial vaginosis, were self-
repored, thus being subjectad to memory bias and misesti-
mation. However, we asked for inkctions occurring during
pregnancy, thus, at a time still very clos2 to the inferview,
reducing the possibility of memory bias. Farthermore, we
anly consider the presence of disease when diagnosed by
a healthcare professional, which reduces misclassitica-
tion. Another important issoe is the possibility of disease
treatment interference in the study outcome. Systematic
reviews indicate that antibiotic treatment of bacerial vagi-
nosis in pregnant women with abnormal vaginat flora maght
reduce PTB |53, 54]. For ethical reasons, we referred all
women diagnosad with some infection to 2 medscal or den-
tal appointment. It may have mduced the strength of the
associgtion. However, some meta-analyses showed no evi-
dence that periodontal treatment during pRgnancy prvents
advers2 pregnancy oatoomes, such as PTB [15, 35, 55), nor
emphasize the low quality of the evidenoe [56-58]. Never-
theless, when analyzed together, infctions remained associ-
ated with the occurrence of PTB.

This study underlines strengths such as the data collec-
tion in two moments; periodontal examination in all teeth
at six different sies each, in the second trimester of ges-
tation; the objective diagnosis for bacterial vaginosis; the
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way we collectad the GA variable through [LMP. combinaed
with the ultrasound analysis, reduced a possible memory
and measurement baas for the outcome. Adjustment for sys-
temic infections is another important aspect of this study,
since much of the studies evaluating the association hetween
periodontal disease, and adverse gestational outcomes, do
not consider other infections in confounding adjustment.
We wem unzbk to identify other studes that had conduced
analyses to qualify the oral backeria invoived in this associa-
tion in theoretical models, including periodontal disease as
well.

There is littie evidence-based on case-control studies
nested in a cohort with adequake sampling power. We were
unabie to sdentity other studses that had performed analyses
to qualify the oral bacteria involved in this association in
theoretical models, including periodontal disease as well. In
addstion, we did not sdentify studies that had usad SEM. One
of the strengths of this stdy is the statistical method used to
simultaneously test the association of SES, PB B, periodontal
disease, syseermic infections, and cytokines, with PTB, using
SEM. By being able to estimate 2 seres of separate and
interdependent multipke m® gression eguations, this method
tends to yeld more reliable results. Moreover, it allows the
estimate of the total, direct. and indirect effects between
variables, presenting the ones that are mediating the total
effect | 16]. In addition, this method yields results that are
easy to interpret and allows us to work with initial losses of
variahies that can be imputed by the method of estimation.

Thus, aithough the esearch question is not unprece-
dented, the controversial results in the literature, indicating
the nead for studses with mom robust methodological design
19, 11-13, 15], motivated us to conduct this investigation.

This study sample was nested to the Brazilian birth
cohorts (BRISA). The main purpose of BRISA was to iden-
tify risk factors for preterm birth TB), using mom accurate
methods to have greater predictive power than other classic
studies [X), 50]. Some of these methodological strate pies
were blood cytokine dosage, bacterial identification by DNA
analysis, periodontal examinations at six si€s per tooth in
all teeth, calculation of gestational age by algorithm con-
sidering date of last menstruation and uitrasound, among
others procedures. We also inctuded in our theoretical mode!
some of the risk factors almady identitied in previous stud-
ies using the BRISA cohort data as socioeconomic factors
|60], maternal age [61], and regulatory cytokine expression
[24]. Studies have revealed a possible association between
periadontal disease during pregnancy and PTB [9. 11, 14].
These tindings indicate the importance of including oral
heaith variables for mother and child in cohort studies to
understand how these factors are associated with different
outcomes. In the current literature, most of the risk fac-
tors have been tesied individually, while the BRISA pro-
duces studies in which the factors are investigated using an

€ springer

inke grated multidisciplinary approach to propose more effec-
tive strategies for the mduction of PTB.

The pesence of PBB expiains the higher occurrence of
periodontal disease during pregnancy, bat these factors do
not interere in the increase in PTB. The presence of sys-
£mic inkctions explains lower serum levels of IL-10. The
lower serum fevels of IL-10 and TGF-§ and the presence of
sy semic in®ctions explain the oocurrence of PTB. Them-
fom, it is possible that only the mom severe periodontal dss-
ease and other sysiemic infections are capable of alering the
cascade of cytokines mgulating the inflammatory process
and have an effect on the occurrence of PTB.
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6 CONSIDERACOES FINAIS

Durante a gravidez ha modificagdes na imunidade adaptativa que resultam em um
impacto sobre o curso clinico de varias doengas infecciosas, incluindo o granuloma piogénico
e as doengas periodontais. A inflamacao dos tecidos periodontais aumenta dramaticamente em
extensdo e gravidade durante o curso de uma gravidez normal, mesmo sem alteracdo na
quantidade de biofilme presente — ¢ mister enfatizar. Este aumento da incidéncia de
inflamagdo gengival durante o periodo gestacional ¢ um fendmeno bem documentado e
universalmente aceito pela comunidade cientifica.

A presenca de bactérias periodontopatogénicas isoladamente parece nao
representar um fator de risco independente para o NPT. E possivel que essa associagdo nio
apareca porque nao estdo sendo medidas todas as infec¢des ocorridas na gestagdo. Quando
vistas em conjunto, as infecgdes sistémicas explicam parte deste desfecho, via TGF-p.

De modo que a farmacogenética baseia-se no fato de que existem razdes genéticas
para que algumas pessoas respondam favoravelmente a um medicamento e outras
experimentem reagdes negativas para o mesmo agente, ha razdes provavelmente genéticas
para que as mulheres gradvidas respondam diferentemente a encargos inflamatorios ou
infecciosos causados pelo biofilme.

Além disso, ndo se deve esquecer que o controle e tratamento de infecgdes
periodontais, por si sO, sdo promotores de beneficios para a saide da gestante, oferecendo

uma condicao oral de conforto, fungdo e estética.
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ANEXO A - PARECER DO COMITE DE ETICA EM PESQUISA

HOSPITAL!
e o UMVERSIDADE FEDERAL DO MARANHAQ
" ‘ HOSPITAL UNIVERSITARIO
COMITE ETICA EM PESQUISA

PARECER CONSUBSTANCIADO
Parecer N°223/2009
Pesquisador (a) Responsével: Anténio Augusto Moura da Silva
Equipe executora: Antdnio Augusto Moura da Silva, marco Antonio Barbieri, Heloisa
Bettiol, Fernando Lamy Filho, Liberata Campos Coimbra, Maria Teresa Seabra S.B. e
Alves, Raimundo Antonio da Silva, Valdinar Sousa Ribeiro, Vania Maria de Farias
Aragdo, Wellington da Silva Mendes, Zeni Carvaltho Lamy, Mari Ada Conceigéo Saraiva,
Alcione Miranda dos Santos, Arlene de Jesus Mendes Caldas, Cecilia Claudia Costa
Ribeiro, Silma Regina P. Martins, Flavia Raquel F, Nascimentos, Marilia da Gloria
Martins, Virginia P.L. Ferriani, Mavisa WMarcia M. Pinhata, Jacqueline P. Monteiro José §.
Camelo Junior, Carlos Eduardo, Wartinelii Junior, Sonir Roberto R, Antonini e
Aparecida Yulie Yamarmoto
Tipo de Pesquisa: Projeto Tematico
Registro do CEP: 350/08 Processo 4771/2008-30
Instituiglo onde serd desenvolvido: Hospital Universitario, Maternidade Marly Sarney, Clinica
Sa0 Marcos, Maternidade Benedito Leite, Maternidade Maria do Amparo, Santa Casa de
Misericordia do Maranh&o, Maternidade Nazira Assub, Clinica 880 José e Clinica Luiza
Coslho.
Grupo:
Situagédo: APROVADRO

O Comité de Etica em Pesquisa do Hospital Universitario da Universidade Federal do
Maranhdo analisou na sessio do dia 20.03.08 o processo N°. A7TA12008-30, referante ao projeto
de pesquisa: "Fatores etiolbégicos do nascimento pré-termo e consegiiéncias
dos fatores perinatais na saude de crianca: coortes de nascimento em
duas cidades brasileiras”, lendo como pesquisadora responsavel Anténio Augusto
Moura da Silva, cujo objetive geral é “Investigar novos fatores na etiologia da
prematuridade, utilizando-se abordagem integrada e colaborativa em
duas cidades brasileiras numa coorte de conveniéncia, iniciada no pré-
natal”.

Tendo apresentado pendéncias na época de sua primeira avaliacdo, veio em tempo
habil supri-las adequada e satisfatoriamente de avordo com as exigéncias das Resolucles que

regem esse Comité. Assim, madiante a importéncia social e cientifica que o projeto apresenta &
sua aplicabilidade e conforrmidade com oS requisitos élicos, somos de parecer favordvel 2
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Hospital Universitario da Universidade Federal do Maranh&o
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FHU-UFMA
realizacio do projete classificando-¢ como APROVADO, pols © mesmo atende aos requisitos
fundamentais da Resolucio 196/96 & suas complementares do Conselhio Nacional de Saude.

Solicita-se & pesquisadora o envio a este CEP, relatorio parciais sempre quando houver
alguma aitera¢do no projeto, bem como o relatdrio final gravado em CD ROM.

S8 Luis, 08 de abril de 2009,

gw%é%&m

Coofdenador do Comité de Etica em Pesquisa
Hospital Universitério da UFMA
Ethica homini habital est

Hospital Universitario da Universidade Federal do Maranhdo
Rua Bardoe de ftapary, 227 Centro C.E.P. §5. 020-070 Séo Luis — Maranhdo Tel: (98) 2109-1250
E-mail cep@huufma.br
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