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RESUMO

Prevenir doencas de expressao mundial como a obesidade e a carie na infancia ¢ um grande desafio
para a saude publica na atualidade. Por isso, pesquisas que possibilitem o estudo de indicadores de
risco para essas doencas devem ser estimuladas. O objetivo desta pesquisa foi explorar a relagao
entre TNF-a, lactobacilos, IMC e a presenca de lesdes cariosas na infancia considerando-se
criangas eutréficas e obesas. Apos exame clinico para diagndstico de carie e obesidade com base
nos critérios da OMS, 94 criangas de 3-5 anos, frequentando pré-escolas publicas do municipio de
Bragancga Paulista/SP foram divididas nos grupos: 1. Obesos + carie; 2. Obesos + livres de cérie
(LC); 3. Eutrdficos + carie; 4. Eutroficos + LC. Saliva ndo estimulada foi coletada para andlise dos
niveis de TNF-a por meio de ensaio milliplex (Luminex® - MagPix®) e das espécies Lactobacillus
acidophilus (L. acidophilus) e Lactobacillus gasseri (L. gasseri) por meio de reacao de polimerase
em cadeia em tempo real (RT- PCR). Os dados foram analisados por estatistica descritiva e
regressao de Poisson (a=0.05). Os resultados mostraram que nos pré-escolares obesos cada
aumento de unidade no indice de massa corporal (IMC) e nos niveis de TNF-a associaram-se a
aumentos de cerca de uma vez no numero de superficies cariadas. Nas criangas eutréficas verificou-
se a presenga das cepas de L. gasseri e L. acidophilus associadas respectivamente a um aumento
de 3,04 e 1,59 vezes no nimero de superficies cariadas, j4 nas criancas obesas, a presenca L.
acidophilus ndo foi significativa e a presenca de cepas de L. gasseri se mostrou como possivel
indicador de protecdo (RR:0.49), evidenciando que a obesidade pode exercer influéncia na
modulag¢do do comportamento dessas bactérias. Conclui-se que em criangas eutroficas, a presenca
de ambas as espécies de lactobacilos investigadas associou-se a cérie, enquanto nos obesos apenas
L. gasseri relacionou-se, mas de modo oposto, refor¢ando que a obesidade ¢ capaz de modular
bactérias bucais. Apenas nas criangas com excesso de peso o TNF-a e IMC estiveram conectados
as lesdes cariosas, sugerindo que a inflamagao pode ser potencializada quando ambas as patologias
ocorrem concomitantemente.

Palavras-chave: Saliva. Citocinas. Cérie dental. Obesidade pediatrica.
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ABSTRACT

Preventing diseases of global expression such as obesity and caries in childhood is a public health
challenge nowadays. Therefore, studying risk indicators for these diseases should be encouraged.
The aim of this research was to evaluate the oral levels of tumor necrosis factor-a. (TNF-a)) and
lactobacilli considering childhood caries and obesity. After, clinical examination for diagnosis of
caries and obesity based on WHO criteria, 94 children aging 3-5 years, of public preschools of the
Braganga Paulista/SP were assigned into 4 groups: 1. Obese + caries; 2. Obese + caries free (CF);
3. Eutrophic + caries; 4. Eutrophic + CF. Unstimulated saliva was collected for analysis of levels
of TNF-a by a milliplex system (Luminex® - MagPix®). In addition, the salivary quantities of the
species Lactobacillus acidophilus (L. acidophilus) and Lactobacillus gasseri (L. gasseri) were
estimated using real time polymerase chain reaction (RT-PCR). Data were assessed by descriptive
statistics and Poison regression analysis (a=0.05). The results showed that in obese preschoolers,
each unit increase in the body mass index (BMI) and TNF-a levels was associated with
approximately one-time increases in the number of decayed surfaces. In eutrophic children, the
presence of L. gasseri and L. acidophilus strains was verified, respectively, associated with an
increase of 3.04 and 1.59 times in the number of decayed surfaces, whereas in obese children, the
presence of L. acidophilus was not significant and the presence of L. gasseri strains was shown as
a possible protective indicator (RR:0.49); showing that obesity can influence the modulation of the
behavior of these bacteria. It is concluded that in eutrophic children, the presence of both species
of lactobacilli investigated was associated with caries, while in obese children only L. gasseri was
related, but in an opposite way, reinforcing that obesity is able to modulate oral bacteria. Only in
obese children, TNF-a and BMI were connected to carious lesions, suggesting that inflammation
can be potentiated when both pathologies occur concomitantly.

Keywords: Saliva. Cytokines. Dental Caries. Pediatric Obesity.
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1. Introducao

A obesidade ¢ uma doenca cronica ndo comunicavel, complexa e grave, caracterizada
basicamente por um desequilibrio entre a quantidade de energia ingerida e a quantidade de energia
dispendida podendo resultar num acimulo de gordura corporal com prejuizos para a satde (1,2).

Dentre os transtornos nutricionais, a obesidade infantil ¢ apontada como um dos problemas
de satde mais frequentes e ¢ considerada um grave problema de satde publica (3,4). A Organizagao
Mundial da Saude (OMS) ja considera essa doenga como uma epidemia global desde 1995 (5). O
namero de criangas acima do peso mais que dobrou entre 1989 e 2009 e em criancas de 5 a 9 anos
o numero de obesos aumentou mais de 300% (1). Um estudo conduzido em Sao Paulo com 809
pré-escolares verificou uma taxa de obesidade de 11,1% para os meninos e 6,6% para as meninas
(6).

A OMS classifica a obesidade infantil baseada no Indice de Massa Corporal (IMC), definido
pelo calculo do peso corporal (Kg), dividido pelo quadrado da altura em metros (m?), considerando-
se a idade em meses e o sexo (7). Criangas menores de 5 anos sdo consideradas obesas quando
Escore-Z > +3. O IMC ¢ um indice amplamente difundido e ¢ bastante util do ponto de vista clinico
para o diagnostico de obesidade. E valido ressaltar que a circunferéncia da cintura e do quadril
podem funcionar como indicadores da adiposidade abdominal.

O aumento na prevaléncia da obesidade pode ser explicado devido a mudancas no estilo de
vida, com o aumento do consumo de alimentos com alta densidade energética e sedentarismo (1).
Esse aumento do consumo de alimentos ricos em energia, particularmente dos agucares (8),
encontra-se relacionado a outro problema grave na populagdo infantil: a carie na primeira infancia
(CPD) (9).

A CPI ¢ caracterizada pela presenca de uma ou mais lesdes, cavitadas ou ndo, em criangas
menores de 6 anos (9). A cérie precoce pode ser considerada um problema de saude ptblica ji que
acomete mais da metade da populagdo infantil brasileira aos 5 anos (10) e 530 milhdes de criancas
no mundo (11). Nessa idade, de acordo com as metas da OMS para o ano de 2010, 90% das
criangas deveriam ser livres de carie, ou seja, o Brasil atingiu apenas 50% da meta.

A doenca cérie tem sua etiologia multifatorial ligada a uma complexa interacdo entre
condi¢des bioldgicas, ambientais e sociais. Em criangas, as praticas alimentares ndo balanceadas e
a introdu¢do precoce de agucares na dieta com frequéncia no consumo, expdem-nas a um maior

risco de desenvolver as lesoes (12).
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A lesdo de cérie acontece como resultado de um processo cronico, que se da pela interagdo
de trés fatores primordiais: microrganismos cariogénicos, substrato cariogénico e hospedeiro
suscetivel, os quais interagem por um determinado periodo de tempo. Isso acarreta num
desequilibrio nos processos de desmineralizacdo e remineralizagdo na superficie dentdria,
prevalecendo a desmineralizacdo, que ocasiona a lesdo cariosa (13). Segundo Ferjeskov e Kidd
(14), a perda mineral da estrutura dentaria vem como resultado da agdo é4cida proveniente do
desequilibrio da microbiota bucal provocado pelo acimulo de biofilme na superficie do dente. Esse
processo ¢ dindmico e ocorre de forma gradual progredindo de uma lesdo subclinica reversivel
(mancha branca) para uma lesdo clinicamente cavitada e irreversivel. Ainda, Sheiham e James (15)
citam como principal fator determinante para ocorréncia da doenca carie os agucares da dieta, que
juntamente com fatores moduladores como os microrganismos no biofilme e os acidos produzidos
por eles, associados a frequéncia de ingestdo, a qualidade do esmalte dentario e ao fluxo salivar
resultam no estado patoldgico de lesdo de carie.

Hayden et al.(16) e Saporitii et al. (17), citam que o comportamento sedentario e a ingestao
de alimentos processados e ricos em agucar com grande frequéncia podem aumentar o risco de
ganho de peso e obesidade, bem como aumentar o risco da doenga cérie uma vez que o alimento

entra em contato muitas vezes com a superficie dentéria.

1.1. Obesidade, carie e processo inflamatorio

A obesidade ¢ considerada uma doenga inflamatoria cronica podendo influenciar e aumentar
a probabilidade de aparecimento de varios problemas bucais. Vérios estudos associam isto ao fato
de que o elevado teor de gordura provoca alteracdes hormonais e inflamatoérias (18, 19, 20, 21, 22).

Segundo Prado et al. (23), um novo conceito sobre a fungdo bioldgica do tecido adiposo tem
sido apresentado, fortalecendo a ideia deste tecido ndo ser apenas um estocador de energia, um
protetor mecanico e um regulador da temperatura corporal, mas sim um 6rgao dindmico envolvido
em varios processos metabdlicos e fisiologicos. Os autores relatam que o 6rgao adiposo € composto
por tecido adiposo marrom (TAM) e o tecido adiposo branco (TAB), sendo que estes ultimos
secretam substancias com importantes efeitos enddcrinos. Segundo os autores uma das mais
importantes descobertas das pesquisas recentes em obesidade ¢ o conceito de que ela ¢
caracterizada por uma inflamacao cronica e que citocinas como a fator de necrose tumoral o (TNF-

a) e interleucinas-6 (IL-6) (pré-inflamatorias) vem recebendo atengdo especial da literatura
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especializada, pois o aumento da concentracdo dessas promove grande impacto em diversas
fungdes corporais.

O nivel circulante de muitas citocinas associadas a inflamacdo apresenta-se elevado em
pacientes obesos. Os adipocitos secretam essas citocinas que, direta ou indiretamente, elevam a
produgdo e circulacdo de fatores relacionados com a inflamag¢ao (23). Yudkin et al. (25) relata o
envolvimento do tecido adiposo em processos como obesidade, diabetes mellitus tipo 2,
hipertensdo arterial, arteriosclerose, processos inflamatérios agudos e cronicos e indica que a
compreensdo das suas propriedades funcionais contribuird para melhorar o prognostico de muitas
doengas.

E importante salientar que citocinas inflamatérias como TNF-a e IL-6 podem ser encontradas
na saliva (26). Essas citocinas tendem a diminuir com a reducdao de peso (27). Estudo de
Williamson et al. (28), verificaram uma correlagdo positiva entre as concentra¢des de IL-6 no
plasma e na saliva, coletada sem estimulagdo, em adultos saudaveis.

Considerando-se a relagdo da carie e o processo inflamatério, o estudo de Gornowicz et al.
(29) mostrou uma associagao entre a concentragdo de TNF- o na saliva e a carie dentaria em
adolescentes. Isso pode ser explicado pelo fato de que a cdrie estd intimamente conectada ao
acumulo de biofilme dentario, o qual abriga inimeras bactérias patogénicas capazes de produzir
toxinas que favorecem o processo inflamatorio.

O termo biofilme dentario, também chamado de placa bacteriana, ¢ relatado como uma
comunidade microbiana heterogénea firmemente aderida na superficie do esmalte de modo
organizado, envolvida por uma matriz extracelular, composta principalmente de polissacarideos
produzidos pelos proprios microrganismos (14).

No primeiro estagio da formacgdo do biofilme as bactérias se aderem a uma biopelicula
existente na superficie dentaria, formada pela adsorcdo (adesdo) de proteinas e glicoproteinas
salivares e do fluido gengival (13). Este mesmo autor cita que apesar da diversidade microbiana,
somente algumas espécies estdo relacionadas a doenga cérie, como por exemplo, Lactobacillus spp
(LB).

A placa ¢ visivel a olho nu e tem caracteristica de uma massa mole e aderente que se deposita
continuamente sobre a superficie dos dentes, podendo sofrer mudangas continuas, variando em
composi¢do nos diferentes locais da boca. Nesta massa podem estar presentes microrganismos que

produzem 4&cidos (férmico, acético, butirico, lactico e sulfidrico) a partir do metabolismo de
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acucares, que provocam desmineralizacdo dos dentes ou, ainda, enzimas e outros produtos
potencialmente toxicos que lesam o epitélio e penetram no tecido conjuntivo do sulco gengival (30,

31).

1.2. Lactobacillus spp.

Tanto a céarie como a obesidade estdo associadas a uma disbiose. No estudo realizado por
Parisotto et al. (32), no qual investigou-se a associagdo entre o desenvolvimento de cérie e a
microbiota, observou-se que no grupo de criangas que apresentaram carie ativa, houve significativa
associacdo com Lactobacillus spp. De modo interessante, Million et al. (33), por meio de uma
revisdo de literatura apontou que as espécies Lactobacillus acidophilus (L. acidophilus)
associaram-se ao ganho de peso, enquanto a espécie Lactobacillus gasseri (L. gasseri) associou-se
a perda de peso.

As bactérias do género Lactobacillus colonizam o biofilme dentdrio e compreendem um
grupo de organismos que t€ém um papel importante na progressdo das lesdes cariosas. Sao
bastonetes Gram positivos, anaerobios acidogénicos e aciduricos, capazes de realizar tanto o
metabolismo oxidativo como o fermentativo. L. acidophilus sdo grandes produtores de acido latico
(31).

L. gasseri sdo bactérias probidticas, encontradas normalmente no intestino humano. Sugere-
se que essa espécie poderia funcionar como uma nova possibilidade terapéutica no tratamento da
obesidade, pois possui a capacidade de promover a perda de peso e a diminuicdo da gordura

abdominal (33).

1.3. A saliva

A saliva é uma secrec¢ao aquosa constituida por uma complexa mistura de produtos secretados
pelas glandulas salivares maiores e menores, composta de dgua (99,5%), componentes organicos
(0,3%) e inorganicos (0,2%) oriundos de outras substancias provenientes da mucosa da orofaringe,
vias aéreas superiores, refluxo gastrintestinal, fluido do sulco gengival, restos alimentares e
componentes derivados do sangue, podendo variar entre os individuos (34, 35).

Slavkin (36) relata que o uso da saliva para monitorar o estado da satide e da doenca de um
individuo ¢ um altamente desejavel para a promog¢do da satde. O autor cita que os avangos

cientificos e tecnologicos tém possibilitado analises dos componentes salivares com aumento da
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especificidade e da sensibilidade e que uma nova era em relagdo ao diagndstico molecular na
cavidade bucal chegou com grande importancia. Nesse sentido, Dawes (37) sugere ser pertinente
e viavel o uso da saliva em estudos devido a simplicidade e facilidade da coleta desses fluidos e a
quantidade de informagdes determinantes em seus constituintes. Seu armazenamento ¢ facil e de
baixo custo quando comparada a coleta de sangue.

De forma interessante, Choromanska et al. (35) afirmam que a obesidade aumenta o risco de

doengas sist€émicas e pode alterar a composicao salivar, considerando-se bactérias e enzimas.

1.4. Fator de necrose tumoral a (TNF-a)

As citocinas sdo definidas como proteinas soltiveis sintetizadas por células que mediam a
comunicagdo intracelular, por transmitirem informagdes as células-alvo, via interagdes com
receptores especificos tipicamente conhecidos como mediadores e reguladores de respostas
inflamatorias (38).

Como ja descrito anteriormente, o tecido adiposo ¢ um 6rgdo endocrino ativo que secreta
uma grande variedade de citocinas pro-inflamatdrias, como TNF- a e IL-6, as quais sdo secretadas
em quantidade proporcional ao tecido adiposo existente. Khosravi et al. (39) relataram que TNF-a
apresenta grande diversidade de atividades bioldgicas, as quais além de reagdes inflamatorias
incluem: respostas imunologicas e regulacdo interna do tecido adiposo, influenciando vérios
processos intracelulares, incluindo a apoptose.

Segundo Oliveira e Bressan (40), haveria um ciclo vicioso entre obesidade e inflamagao
induzidas por alterac¢do no tecido adiposo. Mais especificamente, na obesidade ocorre a hipertrofia
dos adipocitos, que estimulam a liberacdo de citocinas indutoras de inflamacao, contribuindo para
a expansdo do tecido adiposo. Essa expansdo, por sua vez, gera a hipoxia, estimulando a produgao

de mais citocinas pro-inflamatorias.
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2. Objetivos
2.1. Objetivo Geral

O objetivo deste projeto de pesquisa foi explorar a relagdo entre TNF-a, lactobacilos, IMC e

a presenca de lesdes cariosas na infancia considerando-se criangas eutroficas e obesas.

2.2. Objetivos Especificos

* Avaliar os niveis de TNF-a na saliva de criangas com ou sem carie, eutréficas ou obesas;

* Verificar a presenga das espécies L. acidophilus e L. gasseri na saliva de criangas com ou
sem carie, eutroficas ou obesas;

* Construir um modelo que avalie os indicadores de risco significativos para a CPI
considerando-se o grupo de criangas obesas € o grupo de criancas eutroficas com relagdo aos
parametros investigados: TNF-a, IMC e preseng¢a de determinadas espécies de lactobacilos;
lembrando que a carie estd associada a inflamagdo cronica devido ao acumulo do biofilme e a

obesidade esta associada a niveis inflamatorios subclinicos.
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3. CAPITULO I — Artigo submetido ao periédico “Pathogens”

EXPLORING THE RELATIONSHIP AMONG SALIVARY
LEVELS OF TNF- A, LACTOBACILLI, OBESITY, AND CARIES
IN EARLY CHILDHOOD

Lucia Aparecida Federighi Pereira Leme!, Karina Ferreira Rizzardi !, Isis Bolsonaro
9

Santos ! and Thais Manzano Parisotto 1'*

! Laboratory of Clinical and Molecular Microbiology, University Sdo Francisco, Braganga
Paulista, S3do  Paulo, Brazil; lucia.leme@usf.edu.br, karina f r@hotmail.com,

isisbolsonaro(@gmail.com, thais.parisotto@usf.edu.br

* Correspondence thais.parisotto@usf.edu.br; Tel.: +55 11 24548474; 12916-900, Brazil.

Abstract: This research aimed to explore the relationship among tumor necrosis factor- o (TNF-
a), lactobacilli, obesity, and early childhood caries. After caries and obesity diagnosis based on the
WHO criteria, 94 preschoolers were assessed. Unstimulated saliva was collected for analysis of
TNF- a by the Milliplex system and for Lactobacillus acidophilus and Lactobacillus gasseri using
RT-PCR. In obese children, each unit increase in the body mass index (BMI) and the TNF-a levels
was associated with a one-time increase in the number of decayed surfaces. While in eutrophic
preschoolers, the presence of L. gasseri and L. acidophilus was linked, respectively, to an increase
of 3.04 and 1.59 times in the number of decayed surfaces; in obese children, the presence of L.
acidophilus was not significant and L. gasseri was shown as a possible protective indicator
(RR:0.49). In conclusion, TNF- o BMI was connected to carious lesions only in obese preschoolers,
suggesting that inflammation could be underscored when both pathologies are concomitant. The
presence of both species of lactobacilli investigated was connected with caries in eutrophic
children; whereas in obese children only L. gasseri was significant and in an opposite way,

reinforcing that obesity can modulate oral bacteria.

Keywords: Saliva. Cytokines. Dental Caries. Pediatric Obesity.
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1. Introduction

Obesity is a serious non-communicable and complex disease, basically characterized by an
imbalance between energy intake and energy expenditure, which can result in an accumulation of

body fat that presents a risk to health (WHO, 2003).

Among nutritional disorders, childhood obesity is identified as one of the most frequent
problems and is considered a major public health issue (ALMEIDA et al., 2002; MELLO et al.,
2004), killing even more people than underweight in certain countries (WHO 2021). The World
Health Organization (WHO) has considered this disease as a global epidemic since 1995 (WHO,
1995). The number of obese people has nearly tripled since 1975, and in children under the age of
5, the number reached 39 million in 2020 (WHO 2021).

The increase in the prevalence of obesity can be explained in part by changes in lifestyle,
with excessive consumption of high energy-dense food, ultra-processed food, and sedentarism
(TUR et al., 2021). Furthermore, studies have recently shown that the composition of gut
microbiota influences obesity onset in childhood (TUR et al., 2021).

Interestingly, eating habits and microbial dysbiosis is related to another serious problem in
the population: early childhood caries (ECC) (PITTS et al., 2019). Recent studies exploring obesity
and caries have suggested that the mouth could reflect the intestine condition with respect to
bacteria and bacterial phyla under certain circumstances (INDIANI et al., 2020, RIZZARDI et al.,
2021).

Early childhood caries is characterized by the presence of one or more lesions, cavitated or
not, in children under 6 years of age (PITTS et al., 2019). Carious lesions occur as a result of a
chronic and dynamic process that occurs gradually, progressing from a reversible subclinical lesion
(white chalky spot) to a clinically cavitated and irreversible lesion. The mineral loss from the tooth
structure comes due to bacterial acidic action, a consequence of an imbalance of the oral microbiota
in the cariogenic biofilm, accumulated on the non-shedding dental tissues. The term dental biofilm,
also called bacterial plaque, is reported as a heterogeneous microbial community firmly adhered to
the enamel or dentine surfaces in an organized manner, involved by an extracellular matrix, mainly
composed of polysaccharides (FEJERSKOV; KIDD, 2005). It is important to highlight that the
dysbiosis occurring in the cariogenic biofilm results in an increase in acidogenic and aciduric

species, such as lactobacilli.
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Lactobacillus spp. is Gram-positive, catalase-negative, acidogenic, and aciduric oxygen-
tolerant anaerobes, capable of performing both oxidative and fermentative metabolism
(STOODLEY et al., 2002). It was already reported that these bacterial species are intimately
associated with childhood caries (SELWITZ et al., 2007, PARISOTTO et al. 2011, INDIANI et
al., 2020). Interestingly L. acidophilus is a great producer of lactic acid and was associated with
weight gain (MILLION et al., 2012). Lactobacillus gasseri, in turn, are bacteria (STOODLEY et
al., 2002) associated with weight loss (MILLION et al., 2012). A systematic review of probiotics
showed that the effect on body weight is strain-dependent and while L. gasseri strain BNR17 was
able to reduce weight gain, L. gasseri L66-5 promoted weight gain (ROUXINOL-DIAS, 2016). It
is suggested that some Lactobacillus spp. could act as new therapeutic possibilities in the treatment
of obesity, favoring weight loss and contributing to a decrease in abdominal fat accumulation

(MILLION, 2012).

The association between early childhood caries and obesity has been discussed in the
literature and a recent systematic review with metanalysis points to a positive relationship between
these two pathologies (MANOHAR et al., 2020). Obesity, which is a chronic inflammatory disease,
could increase the probability of oral problems development; as many studies show that body fat
accumulation is connected to hormonal and inflammatory changes (NICHOLAS et al, 2018;
HILGERS, 2006; DAS, 2001). According to PRADO et al. (2009), a new concept of the biological
function of adipose tissue has been presented, strengthening the idea that this tissue is not only
associated with energy storage but rather a dynamic organ involved in numerous metabolic and
physiological processes. It is noteworthy that adipocytes can secrete cytokines (soluble proteins
synthesized by cells that mediate intracellular communication), which, directly or indirectly, can
increase the production of factors related to inflammation. In obese patients, the circulating level
of inflammatory cytokines is high (BULLO et al., 2003) and some of them, i.e. TNF-a, can be
identified in saliva (DESAI and MATHEWS, 2014). Scientific and technological advances have
enabled analyzes of salivary components with increased specificity and sensitivity, characterizing
a new era in terms of molecular diagnosis in the oral cavity. The use of saliva to monitor health
status and illness is strongly desirable for well-being promotion, especially for young children, as

it comprises an easy and non-invasive collection method.

Considering the relationship between dental caries and the inflammatory process, the study

by GORNOWICZ et al. (2012) suggested a possible association between the concentration of
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salivary TNF-a and carious lesions in adolescents. This is because caries are closely connected to
the accumulation of dental biofilm, which harbors numerous pathogenic bacteria capable of

producing toxins that favor inflammation.

Even though the scientific literature presents papers attempting to the association between
obesity and TNF-a blood levels, few studies are investigating salivary levels, especially in early
childhood. Furthermore, none of them jointly assessed the interplay between obesity, dental caries,
and TNF-a in the saliva. Regarding the relationship between obesity and L. acidophilus and L.
gasseri, no study has evaluated the presence of the species in biological material from the oral
cavity, nor a possible influence of dental caries on this connection. Thus, this research aimed to
explore the relationship between TNF- a, lactobacilli, and BMI and the presence of carious lesions

in childhood considering eutrophic and obese children.

2. Results

This cross sectional-study examined individuals at preschool age from public schools in
Bragancga Paulista-SP, Brazil. The number of boys and girls included were respectively 42 and 52,
and the mean age was 56,69 months (+10,27).

The Poisson regression analysis/approach, expressed by rate-ratio (RR), revealed the most
significant risk indicators for caries in obese and eutrophic children with respect to BMI, presence

of lactobacilli, and levels of TNF-a assessed in the saliva of these individuals.

In Table 1, involving eutrophic children, the presence of L. gasseri and L. acidophilus strains
were associated with an increase of 3.04 and 1.59 times, respectively, in the number of decayed,
missing, or filled surfaces of teeth. The body mass index and TNF-a levels were not significant in

this model.
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TABLE 1. Early childhood caries indicators in eutrophic children.

Early Childhood Caries in Eutrophic Children

Parameters Rate Ratio (95% CI) p-value
Lactobacillus gasseri
(presence™rence/absence) 3.04 (2.15 -4.29) <0.001*
Lactobacillus acidophilus
(presencererence/absence) 1.59 (1.20 - 2.11) 0.001*
BMI 1.11 (0.94 -1.32) 0.21
TNEF- o 1.00 (0.99 - 1.01) 0.20

Poisson Regression Model; Main outcome: early childhood caries (number of decayed, missing, or filled surfaces
of the teeth); *Statistically significant at p < 0.05. CI: confidence interval; n=50; Omnibus Test: likelihood Ratio Chi-
Square=50.36; freedom degree 4; significance 0.000. Rate ratio was considered as a measure of effect-size: 1.22

(small); 1.86 (medium); 3.00 (large). Lactobacilli were considered for presence and absence due to the low values
found in the samples.

Regarding obese children (Table 2), each unit increase in BMI and TNF-a levels was
associated with an approximately one-fold increase in the number of decayed surfaces. Also in

model 2, while L. acidophilus was not significant, the presence of L. gasseri was an indicator of

protection (RR:0.49).

TABLE 2. Early childhood caries indicators in obese children.

Early Childhood Caries in Obese Children

Parameters Rate Ratio (95% CI) p-value
Lactobaclelus gasseri 0.49 (0.82 — 0.87) 0.014*
(presence™'*"*"*¢/absence)
Lactobaczllfus acidophilus 0.71 (0.41 — 1.23) 0.223
(presence™'**"*¢/absence)
BMI 1.18 (1.09 -1.29) <0.001%*

TNF- a 1.13 (1.09 - 1.61) <0.001*
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Poisson Regression Model; Main outcome: early childhood caries (number of decayed, missing, or filled surfaces of
the teeth); *Statistically significant at p < 0.05; CI: confidence interval; n=44; Omnibus Test: likelihood Ratio Chi-
Square=106.99; freedom degree 4; significance 0.000. Rate ratio was considered as a measure of effect-size: 1.22
(small); 1.86 (medium); 3.00 (large). Lactobacilli were considered for presence and absence due to the low values
found in the samples.

3. Discussion

Many studies show an increase in weight gain during childhood, being obesity one of the
most frequent health problems, favoring the establishment of future comorbidities (SMITH et al.,
2020). Remarkably, in the last year, obesity reached almost 400 million children under the age of
5 years (WHO 2021). As for dental caries, it affects more than 530 million children from all around
the world (WHO 2021), and it continues to be the most prevalent oral health, being the main cause
of pain and tooth loss in childhood.

Even though the etiology of obesity and caries is complex and multifactorial, the microbiota
is particularly connected with both diseases. Since the last century, Lactobacillus spp. (a beneficial
part of several fermented foods) are recognized to be an important bacterial group after mutans
streptococci in the oral cavity, being able to be detected in plaque, dentine, and saliva samples
(SELWITZ, 2007). Many studies involving lactobacilli species, in general, have shown their
association with early childhood caries (PARISOTTO et al., 2010, PARISOTTO et al., 2011,
INDIANI et al., 2020), as the progressive destruction of mineralized tooth tissues is a result of the
action of organic acids produced by acidogenic bacteria. Moreover, LB is well-thought-out as
secondary invaders of pre-existing caries lesions (KNEIST et al., 2010) and specialists in caries
progression (PARISOTTO et al., 2010). In the present study, in the group of eutrophic children,
the presence of L. gasseri and L. acidophilus were associated with an increase of 3.04 and 1.59
times, respectively, in the number of decayed surfaces. In line with these findings, L. gasseri was
already identified in carious tooth surfaces/plaque from children with early childhood caries (SVEC
et al., 2009, KANASSI et al., 2010), as well as in the biofilm of children with ECC in the severe
stage, especially in those harboring Candida albicans (YAO AND HE, 2021). Concerning L.
acidophilus, they were found in samples collected from carious sites from Tunisian children aged
4-12-year-old (KOUIDHI et al., 2014); and recently, it was suggested that the occurrence of LB
species varied with the age of the child and in the age group of 3-12 year, L. acidophilus were
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plentifully found over the carious surfaces, being linked to caries in children of central India

(AHIRWAR et al., 2021).

Regarding obese children, whereas the presence of L. acidophilus was not significantly
associated with caries, the presence of L. gasseri was a possible indicator of protection (RR:0.49),
showing that nutritional status (obesity) can influence the modulation of the behavior of these
bacteria. However, the exact mechanism by which this occurs is still unknown and needs further
elucidation. Interestingly, L. acidophilus was found to be absent in almost all biofilm samples
collected from Brazilian preschoolers, independent of being caries or caries-free (NEVES et al.
2018). However, in a previous study of the same group, when carious dentinal samples were
collected, identification of L. acidophilus (OR: 15) was significantly associated with the activity of
the lesion in children aged 2 to 5 years (NEVES et al., 2017). This reinforces the fact that LB is
supposed to be secondary colonizers of existing lesions; and not requisite agents for carious lesions
inception (SVEC et al., 2009, MARSH and MARTIN 1999, TANZER et al., 2001). Previous
investigations involving children in older ages (10- 15) also showed that probiotics containing L.
acidophilus (together or not with other microbes) are capable of promoting a statistically significant
reduction in mutans streptococci, which is intimately related with the carious process initiation or
the main caries pathogen (YOUSUF et al. 2015, JINDAL et al., 2011). This could explain the fact
that the L. acidophilus was not associated with ECC in the group of obese children.

In lots of clinical studies, the identification of the lactobacilli species is not performed, being
these bacteria assign as Lactobacillus spp. Precise information of the LB species is crucial to
investigate their role in the disease course or even in health status and long-term investigations
assessing mouth colonization by probiotic bacteria are still necessary for possible future therapies
application/development. Currently, it has been suggested that the oral microbiota may reflect the
intestinal condition (RIZZARDI et al., 2021, INDIANI et al., 2020), since it is in the oral cavity
that the digestion process/nutrient absorption begins and lots of exogenous microbes can be
swallowed together with the food bolus, being able to resist the reduced stomach pH and reach the
intestine (SABELLA et al., 2021). It is of prime importance to emphasize that the mouth is part of
the human body and therefore, changes occurring in it might be connected to systemic alterations,

reinforcing a multidisciplinary and holistic approach for the patient's health.
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The inflammatory process is closely connected with dental caries and obesity. Although in
tooth decay the inflammation occurs due to biofilm accumulation adjacent to the gingival margin,
in obesity it is associated with the fat increase. In this respect, proinflammatory cytokines such as
tumor necrosis factor-o (TNF-a) play an important role in this process. Of interest, in the present
study, it was found that in obese children, each unit increase in BMI and TNF-a levels were
associated with approximately one-fold increases in the number of decayed surfaces (RR: 1.13 -
Table 2). The same did not happen in the group of eutrophic children, which was similarly
demonstrated in the study of RIBEIRO et al., 2018, reinforcing the role of obesity in the pro-
inflammatory state when associated with caries. This way, an increase of salivary TNF-a, triggered
by obesity, may contribute to the aggravation of oral inflammatory conditions. A recent systematic
review with meta-analysis, including most of the studies in the adult population, supported that
TNF-a appears to be reliably increased in the saliva of obese individuals compared to nonobese;
and that salivary TNF-a levels might be a useful obesity marker (DUFFLES et al., 2019). To the
best of our knowledge, the present investigation is a pioneer in assessing TNF-a in the saliva of

such a young child population, interplaying obesity, and dental caries.

As mentioned above, caries is intimately associated with the presence of biofilm, which
harbors numerous pathogenic microorganisms capable of producing toxins that lead to bleeding
and swelling, characterizing the inflammatory course. It is well-known that TNF-a is a chemical
mediator related to numerous pro-inflammatory actions (such as cell apoptosis) and performs
through the activation of a transcription factor (nuclear factor-kB), accountable for the regulation
of genes connected with inflammation (LEAL and MAFRA 2013, DUFFLES et al., 2019). In a
study involving an adult population of obese and eutrophic individuals, obesity was allied to
increased levels of TNF-a in the bloodstream, and consequently to a decrease in glucose
metabolism (WINKLER et al., 2003). In the adipose tissue, TNF-a inhibits the production of the
hormone adiponectin, which is associated with obesity and stimulates the production of IL-6, which
also contributes to insulin resistance. Similarly, the results of the study by MONTANI et al. in
2002, involving obese rats, also show that the increase in TNF-o amounts is linked to insulin
resistance, with adipocytes no longer having an adequate response/performance. It is imperative to
underscore that most studies involving obesity assess TNF-a in the blood plasma, and the present
study revealed that saliva may be a good alternative, due to the easy and non-invasive collection.

This is a significant advantage when young children were considered.
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Even though the identification of L. acidophilus, L. gasseri, and TNF-a levels in the salivary
fluid of children could be valuable to the planning of preventive strategies, providing insights to
better control oral and systemic pathologies, such as caries and obesity, the present study has some
limitations. One of them is that the cross-sectional design did not provide a causal effect between
the parameters and the investigated diseases, and another is that bacterial species detection in the
saliva could be less sensitive compared with detection in the biofilm tooth samples. Still, more
complex methodologies involving sequencing and mass spectrometry, for example, will be able to
provide more information about other bacterial species and other inflammatory cytokines. These

gaps should be addressed in future studies.

4. Materials and Methods
Ethical considerations

This study was approved by the Ethics Committee of University Sdo Francisco, USF
(protocol: n°. 42997115.4.00005514). Parents or guardians who agreed with the inclusion of their
child in this research signed an informed consent form, following the Guidelines and Regulatory

Norms of the National Health Council.
Sampling characteristics

The present cross-sectional investigation included children of both sexes, from 3 to 5 years
old, attending the largest public kindergartens in the urban area of Braganc¢a-SP. This city has a
population of about 170.000 people, with a human development index of 0.82 and fluoride levels
in the tap water of 0.7ppm.

As part of a larger study encompassing 968 children, ninety-four children were divided into
the following groups (after caries and obesity diagnosis), according to a convenience sampling
strategy: 1. Obese + dental caries (n=23), 2. Obese + LC (n=21), 3. Eutrophic + dental caries
(n=29), 4. Eutrophic + LC (n= 21).

Enrolled preschoolers were from similar socioeconomic backgrounds (low to mid) and spent
the entire day at the kindergartens, where the meals were provided and the brushing performed

with fluoridated toothpaste. Children taking antibiotics at the time of the saliva collection or using
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these medications in the 30 days preceding the saliva collection were excluded. Also, the ones with

enamel defects or those with special needs were dismissed.
Assessing the nutritional status of children through the body mass index

To measure weight and height, a calibrated electronic scale and a non-extensible measuring
tape attached to a wooden board at 90° degrees to the ground, together with a headboard, were
used, respectively (INDIANI et al., 2020, RIZZARDI et al. 2021). To measure height, children
were placed erect, with feet and heels parallel and together, as well as with the Camper Plane
parallel to the ground. The preschoolers were weighed wearing only light uniforms and no shoes,
standing upright, in the center of the scale, with their arms at their sides. Clothes' weight was

subtracted from the final measure.

For the nutritional status assessment, the body mass index (BMI=weight [kg] / height? [m])
was used, considering gender and age, adopting the instruments proposed by the WHO (2006) as

references. The following cut-off points were used for categorization of results:

1. Eutrophic: > Z scores -2 and < Z scores + 1 (4 years old); > Z scores -2 and < Z scores +

1 (5 years old);
2. Obese: > Z scores +3 (4 and 5 years old); > Z scores +2 and < Z scores + 3 (5 years old).
Assessing early childhood caries through clinical examination

The children had their teeth cleaned and dried with gauze. The diagnosis of early childhood
caries was carried out using visual inspection, under head-set light, with a mirror and a ball-ended
dental probe. The criteria of the WHO (World Health Organization) modified by the inclusion of
active white spot lesions (NYVAD et al., 1999, ASSAF et al., 2006, PARISOTTO et al., 2011)
was used. Thus, both cavitated and non-cavitated lesions were diagnosed as caries in this study.
The examinations were performed by two dentists, calibrated by a gold standard examiner. At the
beginning of the study, after the examiner had received all the theoretical and practical instructions
regarding the criterion to be used, the inter-examiner agreement was calculated (Kappa:0.86), by

reexamining about 10 children with a time interval of at least one week between examinations.
Saliva collection

Saliva, without stimulation, was collected in disposable plastic cups and was immediately

transferred to microcentrifuge tubes (1.5 ml), which were kept on ice during the collection period,
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using an icebox. In the Laboratory of Microbiology of the University Sdo Francisco, the saliva was
centrifuged at 11,000g for 10 minutes under refrigeration (4°C), the supernatant and the precipitate
were frozen at -80°C and used for the analysis of inflammatory cytokine TNF- a and Lactobacillus

spp., respectively.
TNF- o analysis

The concentrations of TNF-a present in saliva samples were measured using commercial kits
(Merck — USA - Human Metabolic Hormone Magnetic Bead Panel) following the manufacturer's
recommendations. In summary, in a 96 well microplate, 200 pl of the assay buffer was pipetted per
well and shacked for 10 minutes. After decantation, 25 pl of the standard solution or control were
added to appropriate wells and 25 pl of the assay buffer was added to the sample wells. Then, 25
ul of appropriate matrix solution was added to the standards and control wells, whereas 25 pl of
neat samples solution was added to the sample wells. Beads were added to each well and incubated
overnight at 4°C. After that, well contents were removed and the microplate was washed three
times with 200 pl of the wash buffer. Fifty microliters of the detection antibodies solution were
added and incubated for one hour. In addition, 50 pl of Streptavidin-Phycoerythrin reagent was
added per well and incubated for 30 minutes. Well contents were removed and microplates were
washed 3 times with 200 pl of the wash buffer. At last, 100 pl of the drive fluid were added and

the readings were performed on the MagPix® equipment (Luminex® System- Merck - USA).
Lactobacillus spp. analysis through real-time polymerase chain reaction (RT-PCR)

DNA extraction from saliva samples was performed using the Lucigen/Epicentre kit
(MasterPure™ Complete DNA and RNA Purification Kit, Cat. #MC85200) and the DNA
concentration was measured in the Biodrop equipment (Biodrop pLite Spectrophotometer,
Biochrom US Inc., Holliston, MA, USA). Briefly, the salivary precipitate was resuspended in 500
ul of Tris/EDTA buffer for molecular biology, pH 8,0, (Sigma-Aldrich® St. Louis, MO, USA) and
150 pl were subjected to DNA extraction. For this process, 150 pL of a lysis solution containing
proteinase K was added and incubation for 15 minutes at 65°C was performed. Samples were
placed on ice for 3-5 minutes, then 150 puL of a protein precipitation reagent was added and
centrifugation for 10 minutes (10,000 x g) at 4°C was conducted. Five hundred microliters of
isopropanol were added to the recovered supernatant and mixed by inversion. Total nucleic acids

were pelleted by centrifugation at 4°C for 10 minutes. After that, the isopropanol was carefully



28

removed without dislodging the pellet, which was rinsed twice with 70% ethanol. All of the residual
ethanol was removed gently with a pipette, the nucleic acids were resuspended in 35 pL of TE

Buffer, and used for identification of Lactobacillus spp. through real-time PCR.

Real-time assays were executed on the 7300 Real-Time System, (Applied Biosystems, Foster
City, CA, USA), using the SYBR Green Power up (Thermo Fisher Scientific, Carlsbad, CA, USA).
Primer sequences used for L. gasseri (16S/23S rRNA genes) and L. acidophilus (16S TRNA gene)
have already been defined in the literature (forward primer L. gasseri, 5'-
AAGGGCGCACGGTGAATGCCT -3’ and reverse primer, 5'- TGCTATCGCTTCAAGTGCTT -
3’ (Lay et al., 2017); forward primer L. acidophilus, 5'- GATCGCATGATCAGCTTATA -3’ and
reverse primer 5'- AGTCTCTCAACTCGGCTATG -3’ [NEVES et al., 2018]). Primers were used
to generate a 329 (LAl et al., 2017) and 124-bp amplicon (NEVES et al., 2018). A total of 1.5ul of
the DNA extracted from saliva samples was used for each assay, together with 5 uL. of SYBR
Green Power up, 2.9 pL of H20, 0.3 pL of forwarding primer, and 0.3 pL of the reverse primer.
The real-time PCR program for the detection of L. gasseri included 50°C for 2 min, 95°C for 2 min
and 40 cycles off 95°C for 15s, 62° for 15s and 72°C for 1 minute; while for the detection of L.
acidophilus included 50°C for 2 min, 95°C for 2 min and 40 cycles of 95°C for 15s, 58° for 15s

and 72°C for 1 minute.

Standard curves were performed to determine the absolute target quantity in samples, using
the following species: L. gasseri (ATCC 33323 — AF182721.1 NCBI Reference Sequence
Database) and L. acidophilus (ATCC 4356 — MT 645504.1 NCBI Reference Sequence Database);
which were also used as positive controls. Considering the standard curves, the software (Sequence
Detection Software version 1.3.1, Applied Biosystems, Foster City, CA, USA) interpolates the

absolute quantity of the target in the test samples.

The critical threshold cycle was the one in which the detectable fluorescence was above the
background (standard threshold: 0.200). Duplicates were performed in all RT-PCR assays:
standards and DNA samples.

Statistical analysis

Data were assessed in the Statistical Package for Social Science version 16.0 (SPSS Inc.,
Chicago, IL, USA), considering a 5% significance level, using Poisson regression analysis. A

model evaluating the significant risk indicators for early childhood caries (main outcome dmf-s) in
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obese and eutrophic preschoolers was built, with respect to the investigated parameters: TNF-a,
BMI, and lactobacilli. In this regression analysis, the rate ratio reflected the effect — size (3.00:
large; 1.86: medium; 1.22: small) (OLIVIER et al., 2016). L. acidophilus and L. gasseri were
assessed based on the presence or absence of the bacteria due to their low counts (PARISOTTO et

al., 2010, INDIANI et al., 2020).

5. Conclusions

In conclusion, TNF- o BMI was connected to carious lesions only in obese preschoolers,
suggesting that inflammation could be underscored when both pathologies are concomitant. The
presence of both species of lactobacilli investigated was connected with caries in eutrophic
children; whereas in obese children only L. gasseri was significant and in an opposite way,

reinforcing that obesity can modulate oral bacteria.
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4. Conclusao

Conclui-se que em criangas eutroficas, a presenga de ambas as espécies de lactobacilos
investigadas associou-se a carie, enquanto nos obesos apenas L. gasseri relacionou-se, mas de
modo oposto, reforcando que a obesidade ¢ capaz de modular bactérias bucais. Ainda apenas nas
criangcas com excesso de peso neste TNF-a e IMC estiveram conectados as lesdes cariosas,
sugerindo que a inflamag¢do pode ser potencializada quando ambas as patologias ocorrem

concomitantemente.
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ANEXO 1II — Distribui¢ao dos percentis de acordo com o IMC, género e idade em meses das
criangas, para classificacdo do estado nutricional das criangas.?
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1 31 12,5 (13,7 113,9(14,3 14,5 (15,8 |17,1 [18,4 | 20,3 |12,6(13,5]|14,6{15,8]17,1[18,5]20,2
1 32 12,5 (13,6 113,9[14,2]14,5 (15,7 17,1 [18,3 | 20,3 |12,5|13,5]|14,6(15,7]17,0(18,5]20,1
1 33 12,4 (13,6 113,8[14,2]14,5 [15,7 17,0 [18,3 | 20,2 ]|12,5|13,5]|14,5(15,7]17,0(18,5] 20,1
1 34 12,4 (13,5]13,8[14,2]14,4 (15,7 17,0 [18,2 | 20,2 |12,5[13,4|14,5(15,7]17,0({18,4] 20
1 35 12,4 (13,5]13,8 (14,1144 (156 |17,0 [18,2 | 20,2 |12,4|13,4]|14,5[15,6]16,9[18,4] 20
1 36 12,3 {13,5]13,7 (14,1144 (156 |17,0 [18,2 | 20,1 |12,4|13,4]|14,4{15,6]16,9(18,4] 20
1 37 12,3 [13,5]13,7 (14,1144 (15,6 |16,9 [18,1 | 20,1 |12,4(13,3|14,4[15,6]16,9[18,3]19,9
1 38 12,3 (13,4 113,7[14,114,3 [15,5 |16,9 [18,1 | 20,1 |12,3(13,3|14,4(15,5]16,8[18,3]19,9
1 39 12,2 {13,4113,6(14,0]14,3 [15,5 |16,9 [18,1 | 20,0 |12,3[13,3]|14,3{15,5]16,8(18,3]19,9
1 40 12,2 (13,4113,6 [14,0]14,3 [15,5 |16,8 [18,1 | 20,0 |12,3[13,2]|14,3[{15,5]16,8[18,2]19,9
1 41 12,2 (13,3 ]13,6 [14,0]14,2 (15,5 |16,8 [18,0 | 20,0 |12,2(13,2]|14,3{15,5]16,8[18,2]19,9
1 42 12,1 {13,3]13,6(13,9]14,2 (15,4 |16,8 [18,0 | 20,0 |12,2(13,2]|14,3{15,4]16,8(18,2]19,8
1 43 12,1 (13,3 ]13,5[13,914,2 (15,4 |16,8 [18,0 | 20,0 |12,2(13,2]|14,2{15,4]16,7[18,2]19,8
1 44 12,1 (13,3 ]13,5[13,914,2 (15,4 |16,8 [18,0 | 20,0 |12,2(13,1]|14,2{15,4]16,7[18,2]19,8
1 45 12,1 {13,2]13,5{13,9]14,2 (15,4 16,8 [18,0 | 20,0 |12,2(13,1]|14,2{15,4]16,7 (18,2] 19,8
1 46 12,1 (13,2]13,5(13,914,1 (15,4 |16,7 [18,0 | 20,0 |12,1(13,1]|14,2{15,4]16,7[18,2]19,8
1 47 12,0 {13,2113,5[13,8 14,1 (15,3 |16,7 [18,0 | 20,0 |12,1(13,1]|14,2{15,3]16,7[18,2]19,9
1 48 12,0 {13,2]13,4(13,8]14,1 (15,3 |16,7 [18,0 | 20,0 |12,1[13,1]14,1{15,3]16,7(18,2]19,9
1 49 12,0 {13,2]13,4 (13,8 14,1 (15,3 |16,7 [18,0 | 20,0 |12,1(13,0]|14,1{15,3]16,7[18,2]19,9
1 50 12,0 {13,213,4 (13,8 14,1 (15,3 |16,7 [18,0 | 20,1 |12,1(13,0]|14,1{15,3]16,7[18,2]19,9
1 51 12,0 {13,1]13,4(13,8]14,0 [15,3 |16,7 [18,0 | 20,1 |12,1(13,0|14,1{15,3]16,6(18,2]19,9
1 52 12,0 {13,1]13,4[13,8]14,0 (15,3 |16,7 [18,0 | 20,1 |12,0(13,0]|14,1{15,3]16,6[18,2]19,9
1 53 11,9 13,1]13,3[13,7 14,0 (15,3 |16,7 [18,0 | 20,1 |12,0/13,0]|14,1[15,3]16,6 [18,2] 20
1 54 11,9 {13,1]13,3 (13,7 14,0 [15,3 |16,7 [18,0 | 20,2 |12,0[13,0]|14,0{15,3]16,6 (18,2] 20
1 55 11,9 13,1]13,3[13,7 14,0 (15,2 |16,7 [18,0 | 20,2 |12,0/13,0]|14,0{15,2]16,6 [18,2] 20
1 56 11,9 [13,1]13,3[13,7 14,0 (15,2 |16,7 [18,0 | 20,3 |12,0|12,9]14,0(15,2]16,6 [18,2] 20,1
1 57 11,9 {13,0]13,3[13,7]14,0 [15,2 16,7 [18,0 | 20,3 |12,0]12,9]14,0(15,2]16,6 [18,2] 20,1
1 58 11,9 (13,0]13,3[13,7]13,9 (15,2 |16,7 [18,0 | 20,3 |12,0(12,9]|14,0{15,2]16,6 [18,3]20,2
1 59 11,9 (13,013,3[13,7]13,9 (15,2 |16,7 [18,1 | 20,4 |12,0(12,9]|14,0{15,2]16,6 [18,3]20,2
1 60 11,9 {13,0]13,3 (13,6 13,9 (15,2 |16,7 [18,1 | 20,5 |12,0(12,9]|14,0{15,2]16,6 {18,3]20,3
2 24 12,3 [13,5|13,7 (14,1144 (15,7 17,2 [18,5 | 20,8 |12,4(13,3|14,4(15,7|17,1[18,7]20,6
2 25 12,3 (13,4 13,7 (14,1144 (15,7 171 [18,5 | 20,8 |12,4(13,3|14,4(15,7|17,1[18,7]20,6
2 26 12,3 (13,4 113,7 (14,1144 (156 |17,1 [18,5 | 20,7 |12,3(13,3]|14,4{15,6]17,0{18,7]20,6
2 27 12,2 {13,4113,7({14,0]14,3 (15,6 |17,1 [18,4 | 20,7 |12,3[13,3]|14,4{15,6]17,0{18,6]20,5
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2 28 12,2| 13,4| 13,6 14,0 14,3| 15,6| 17,0] 18,4 20,7]12,3| 13,3| 14,3[ 15,6| 17,0{ 18,6| 20,5
2 29 12,2] 13,4| 13,6 14,0 14,3| 15,6 17,0] 18,4 20,6] 12,3 13,2| 14,3| 15,6| 17,0{ 18,6 20,4
2 30 12,2[ 13,3| 13,6 14,0 14,3| 15,5 17,0] 18,3] 20,6 ] 12,3 13,2] 14,3] 15,5 16,9( 18,5 20,4
2 31 12,2] 13,3| 13,6 14,0 14,2| 15,5 17,0] 18,3 20,6 ] 12,2 13,2| 14,3| 15,5 16,9( 18,5 20,4
2 32 12,1 13,3] 13,5 13,9] 14,2| 15,5 16,9] 18,3 20,5] 12,2 13,2| 14,3| 15,5 16,9( 18,5 20,4
2 33 12,1 13,3] 13,5 13,9] 14,2| 15,5 16,9] 18,3] 20,5] 12,2 13,1] 14,2[ 15,5 16,9( 18,5 20,3
2 34 12,1{ 13,2] 13,5 13,9] 14,2| 15,4] 16,9] 18,2 20,5] 12,2 13,1] 14,2| 15,4] 16,8{ 18,5 20,3
2 35 12,1{ 13,2] 13,5 13,9] 14,1] 15,4] 16,9] 18,2 20,5] 12,1 13,1] 14,2| 15,4]| 16,8{ 18,4] 20,3
2 36 12,0[ 13,2] 13,5 13,8] 14,1| 15,4| 16,9] 18,2 20,5]| 12,1 13,1] 14,2| 15,4]| 16,8( 18,4| 20,3
2 37 12,0[ 13,2] 13,4{ 13,8] 14,1] 15,4| 16,8] 18,2 20,5] 12,1 13,1] 14,1{ 15,4]| 16,8{ 18,4] 20,3
2 38 12,0[ 13,2] 13,4{ 13,8] 14,1] 15,4| 16,8] 18,2 20,5] 12,1 13,0] 14,1{ 15,4]| 16,8{ 18,4] 20,3
2 39 12,0[ 13,1] 13,4{ 13,8] 14,1] 15,3] 16,8] 18,2 20,5]12,0[ 13,0] 14,1| 15,3 16,8( 18,4| 20,3
2 40 11,9 13,1] 13,4{ 13,8] 14,0] 15,3] 16,8] 18,2 20,5] 12,0[ 13,0] 14,1{ 15,3]| 16,8{ 18,4| 20,3
2 41 11,9 13,1] 13,3[ 13,7] 14,0] 15,3] 16,8] 18,2 20,6] 12,0[ 13,0] 14,1{ 15,3 16,8{ 18,4] 20,4
2 42 11,91 13,1] 13,3] 13,7] 14,0] 15,3] 16,8] 18,2 20,6]12,0[ 12,9] 14,0 15,3| 16,8( 18,4| 20,4
2 43 11,9 13,0] 13,3{ 13,7] 14,0] 15,3] 16,8] 18,2 20,6] 11,9 12,9| 14,0[ 15,3]| 16,8{ 18,4] 20,4
2 44 11,8] 13,0] 13,3{ 13,7] 14,0] 15,3] 16,8] 18,2 20,6] 11,9 12,9| 14,0{ 15,3| 16,8{ 18,5 20,4
2 45 11,8] 13,0] 13,3| 13,7] 14,0] 15,3] 16,8] 18,3] 20,7 ] 11,9 12,9| 14,0 15,3]| 16,8{ 18,5 20,5
2 46 11,8 13,0] 13,2 13,7] 13,9] 15,3] 16,8] 18,3 20,7 ] 11,9 12,9] 14,0[ 15,3] 16,8{ 18,5 20,5
2 47 11,8] 13,0] 13,2 13,6| 13,9] 15,3] 16,8] 18,3 20,7 ] 11,8 12,8] 14,0 15,3 16,8{ 18,5 20,5
2 48 11,7 12,9] 13,2 13,6] 13,9| 15,3| 16,8] 18,3] 20,8 ] 11,8 12,8| 14,0[ 15,3 16,8[ 18,5 20,6
2 49 11,7 12,9] 13,2 13,6] 13,9] 15,3] 16,8] 18,3 20,8 ] 11,8 12,8] 13,9| 15,3| 16,8{ 18,5 20,6
2 50 11,7 12,9] 13,2 13,6] 13,9] 15,3] 16,8] 18,3 20,9] 11,8 12,8] 13,9| 15,3| 16,8{ 18,6 20,7
2 51 11,7 12,9] 13,2 13,6] 13,9| 15,3| 16,8] 18,4 20,9] 11,8 12,8| 13,9] 15,3| 16,8[ 18,6 20,7
2 52 11,7 12,9] 13,1{ 13,6] 13,9] 15,2 16,9] 18,4 21,0] 11,7 12,8] 13,9] 15,2 16,8{ 18,6 20,7
2 53 11,6 12,9] 13,1{ 13,6] 13,9] 15,3] 16,9] 18,4 21,0] 11,7 12,7] 13,9] 15,3| 16,8{ 18,6 20,8
2 54 11,6 12,9] 13,1f 13,6] 13,9] 15,3] 16,9] 18,4 21,0| 11,7[ 12,7) 13,9] 15,3 16,8[ 18,7] 20,8
2 55 11,6 12,9] 13,1f 13,5 13,9] 15,3] 16,9] 18,4 21,1]11,7[ 12,7 13,9] 15,3]| 16,8{ 18,7] 20,9
2 56 11,6 12,8] 13,1{ 13,5] 13,8] 15,3] 16,9] 18,5 21,1]11,7[ 12,7 13,9] 15,3]| 16,8{ 18,7] 20,9
2 57 11,61 12,8] 13,1 13,5] 13,8] 15,3] 16,9] 18,5 21,2| 11,7 12,7] 13,9 15,3| 16,9] 18,7 21

2 58 11,6 12,8] 13,1{ 13,5] 13,8] 15,3] 16,9] 18,5 21,2| 11,7{ 12,7] 13,9] 15,3| 16,9[ 18,8 21

2 59 11,6 12,8] 13,1{ 13,5] 13,8] 15,3] 16,9] 18,5 21,3 | 11,6 12,7] 13,9] 15,3| 16,9[ 18,8 21

2 60 11,6 12,8] 13,1f 13,5 13,8] 15,3] 17,0] 18,6 21,3 | 11,6 12,7] 13,9]| 15,3| 16,9| 18,8] 21,1




IMC (kg/m?) para idade (meses) segundo curvas da OMS (2006)

Criancas a partir de 5 anos e 1 més (61 meses) - 1: sexo masculino; 2: sexo feminino
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PERCENTIL ESCORE-Z
sexo |idade (meses) |P0,1) P3 | P5 |P10|P15|P 50 P85 P97 |P99,9| -3 | -2 | -1 0 1 2 3
1 61 12,0 |13,1113,4(13,8]14,0 (15,3 |16,7 [18,1 | 20,4 |12,1(13,0]14,1(15,3]16,6{18,3]20,2
1 62 12,0 |13,1113,4(13,8]14,0 15,3 |16,7 [18,1 | 20,4 |12,1(13,0]14,1(15,3]16,6[18,3]20,2
1 63 12,0 |13,1113,4(13,8]14,0 (15,3 |16,7 [18,1 | 20,4 |12,1(13,0]14,1(15,3]16,7[18,3]20,2
1 64 12,0 113,1113,4(13,8]14,0 (15,3 |16,7 [18,1 | 20,5 |12,1(13,0]14,1(15,3]16,7{18,3]20,3
1 65 12,0 |13,1113,4(13,8]14,0 (15,3 |16,7 [18,1 | 20,5 |12,1(13,0]14,1(15,3]16,7[18,3]20,3
1 66 12,0 |13,1113,4(13,8]14,0 (15,3 |16,7 [18,1 | 20,6 |12,1(13,0]14,1(15,3]16,7[18,4]20,4
1 67 12,0 |13,1113,4{13,8]14,0 (15,3 |16,7 [18,2 | 20,6 |12,1(13,0]14,1(15,3]16,7(18,4]20,4
1 68 12,0 |13,1113,4(13,8 14,0 [15,3 |16,8 [18,2 | 20,7 |12,1{13,0]14,1[15,3]16,7[18,4]20,5
1 69 12,0 |13,1113,4(13,8 14,0 [15,3 |16,8 [18,2 | 20,7 |12,1{13,0]14,1[15,3]16,7[18,4]20,5
1 70 12,1 113,1113,4{13,8]14,0 (15,3 |16,8 [18,2 | 20,8 |12,1(13,0]14,1(15,3]16,7[18,5]20,6
1 71 12,1 113,2113,4(13,8 14,0 (15,3 |16,8 [18,3 | 20,8 |12,1(13,0]14,1(15,3]16,7[18,5]20,6
1 72 12,1 113,2113,4(13,8 14,0 (15,3 |16,8 [18,3 | 20,9 |12,1(13,0]14,1(15,3]16,8[18,5]20,7
1 73 12,1 113,2113,4(13,8]14,0 (15,3 16,8 [18,3 | 21,0 |12,1(13,0]14,1(15,3]16,8{18,6]20,8
1 74 12,1 113,2113,4(13,8 14,1 [15,3 |169 [18,4 | 21,0 |12,2(13,1]14,1(15,3]16,8[18,6]20,8
1 75 12,1 113,2113,4(13,8 14,1 [15,3 |169 [18,4 | 21,1 |12,2(13,1]14,1(15,3]16,8[18,6]20,9
1 76 12,1 113,2113,4(13,814,1[15,4 16,9 [18,4 | 21,2 |12,2(13,1]14,1(15,4]16,8(18,7]21,0
1 77 12,1 113,2113,4(13,8 14,1 [15,4 |169 (18,56 | 21,3 |12,2(13,1]14,1(15,4]16,9(18,7]21,0
1 78 12,1 113,2113,4(13,8 14,1 [15,4 16,9 [18,5 | 21,3 |12,2(13,1]14,1]15,4]16,9[18,7]21,1
1 79 12,1 113,2113,4(13,814,1[15,4 17,0 (18,5 | 21,4 |12,2{13,1]14,1(15,4]16,9(18,8]21,2
1 80 12,1 113,2113,5(13,8 14,1 [15,4 17,0 (18,6 | 21,5 |12,2(13,1]14,2(15,4]16,9[18,8]21,3
1 81 12,1 113,2113,5({13,9 14,1 [15,4 17,0 (18,6 | 21,6 |12,2(13,1]14,2(15,4]17,0({18,9]21,3
1 82 12,2 113,2113,5{13,9114,1[15,4 17,1 [18,7 | 21,7 |12,2{13,1]14,2(15,4]17,0{18,9]21,4
1 83 12,2 |13,3|13,5(13,9 14,2155 17,1 [18,7 | 21,8 |12,2(13,1]14,2[15,5]|17,0({19,0]21,5
1 84 12,2 |13,3113,5({13,9114,2[155 17,1 (18,8 | 21,9 12,3 (13,1]14,2(15,5]17,0({19,0]21,6
1 85 12,2 113,3]113,5{13,9114,2[15,5 17,1 [18,8 | 21,9 12,3 (13,2]14,2(15,5]17,1{19,1]21,7
1 86 12,2 |13,3113,5({13,9114,2[15,5 17,2 (18,8 | 22,0 12,3 (13,2]14,2(15,5]|17,1[19,1]21,8
1 87 12,2 |13,3113,5({13,9114,2[15,5 17,2 (18,9 | 22,1 12,3 (13,2]14,3[15,5]17,1[19,2]21,9
1 88 12,2 113,3]13,6(13,9]14,2[15,6 17,2 [18,9 | 22,2 12,3 (13,2]14,3[15,6]17,2{19,2]22,0
1 89 12,2 113,3113,6({14,0]14,2[15,6 |17,3 [19,0 | 22,3 12,3 (13,2]14,3[15,6]17,2(19,3 22,0
1 90 12,2 113,313,6(14,0]14,3[15,6 |17,3 [19,0 | 22,5 12,3 (13,2]14,3]15,6]17,2[19,3]22,1
1 91 12,3 113,4113,6{14,0]14,3[15,6 17,3 [19,1 | 22,6 |12,3(13,2]14,3[15,6]17,3(19,4]22,2
1 92 12,3 113,4113,6(14,0]14,3[15,6 17,4 [19,2 | 22,7 12,3 (13,2]14,3[15,6]17,3[19,4]22,4
1 93 12,3 |13,4113,6(14,014,3[15,7 17,4 [19,2 | 22,8 |12,4(13,3]|14,3[15,7]17,3[19,5]22,5
1 94 12,3 113,4113,6(14,0]14,3[15,7 17,4 [19,3 | 22,9 12,4 (13,3]14,4(15,7]17,4{19,6 |22,6
1 95 12,3 113,4113,7({14,014,3[15,7 17,5 [19,3 | 23,0 |12,4(13,3]|14,4(15,7]17,4[19,6 |22,7
1 96 12,3 |13,4113,7({14,1114,4[15,7 17,5 [19,4 | 23,1 |12,4(13,3]|14,4[15,7]17,4[19,7 22,8
1 97 12,3 113,4113,7({14,1114,4[15,8 17,5 [19,4 | 23,2 |12,4(13,3]14,4(15,8]17,5(19,7]22,9
1 98 12,3 |13,5]13,7(14,1114,4[15,8 17,6 [19,56 | 23,4 |12,4(13,3]|14,4(15,8]17,5[19,8]23,0
1 99 12,4 113,5]13,7(14,1114,4[15,8 17,6 [19,5 | 23,5 |12,4(13,3]14,4|15,8]17,5[19,9]23,1
1 100 12,4 113,5]13,7(14,1114,4[15,8 17,7 [19,6 | 23,6 |12,4(13,4]14,5(15,8]17,6(19,9]23,3
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2 61 11,7 12,9 13,1| 13,5 13,8 15,2 16,9 18,60 21,6| 11,8 12,7 13,9 15,2 16,9 18,9 21,3
2 62 11,7 12,9 13,1| 13,5 13,8 15,2 16,9 18,60 21,7| 11,8 12,7| 13,9 15,2 16,9 18,9 21,4
2 63 11,7 12,9 13,1| 13,5 13,8 15,21 17,0 18,60 21,7| 11,8 12,7| 13,9 15,2 16,9 18,9 21,5
2 64 11,7 12,9 13,1| 13,5 13,8 15,2 17,0 18,7 21,8| 11,8 12,7| 13,9 15,2 16,9 18,9 21,5
2 65 11,7 12,8/ 13,1 13,5 13,8 15,2 17,0 18,71 21,9| 11,7 12,7| 13,9 15,2 16,9 19,0/ 21,6
2 66 11,7 12,8 13,1 13,5 13,8 15,2 17,0 18,71 21,9| 11,7 12,7| 13,9 15,2 16,9 19,0/ 21,7
2 67 11,7 12,8/ 13,1 13,5 13,8 15,2 17,0 18,8 22,0| 11,7| 12,7| 13,9 15,2 16,9 19,0 21,7
2 68 11,7/ 12,8 13,1 13,5 13,8 15,3/ 17,0 18,8 22,1| 11,7 12,7| 13,9 15,3 17,0 19,1| 21,8
2 69 11,6 12,8/ 13,1 13,5 13,8 15,3 17,0 18,8 22,2| 11,7 12,7| 13,9 15,3 17,0 19,1| 21,9
2 70 11,6 12,8/ 13,1 13,5 13,8 15,3 17,0 18,9 22,3| 11,7| 12,7| 13,9 15,3 17,0 19,1| 22,0
2 71 11,6 12,8/ 13,1 13,5 13,8 15,3 17,1 18,9 22,4| 11,7 12,7} 13,9 15,3 17,0 19,2 22,1
2 72 11,6 12,8/ 13,1 13,5 13,8 15,3 17,1 18,9 22,4| 11,7 12,7} 13,9 15,3 17,0 19,2 22,1
2 73 11,6 12,8/ 13,1 13,5 13,8 15,3 17,1 19,00 22,5| 11,7| 12,7| 13,9 15,3 17,0 19,3 22,2
2 74 11,6 12,8/ 13,1 13,5 13,8 15,3 17,1 19,00 22,6| 11,7 12,7| 13,9 15,3 17,0 19,3 22,3
2 75 11,6 12,8/ 13,1 13,5 13,8 15,3 17,1 19,00 22,7| 11,7| 12,7| 13,9 15,3 17,1 19,3 22,4
2 76 11,6 12,8/ 13,1| 13,5 13,8 15,3 17,2 191 22,8| 11,7/ 12,7| 13,9 15,3 17,1 19,4 22,5
2 77 11,6 12,8/ 13,1 13,5 13,8 15,3 17,2 191 22,9| 11,7 12,7| 13,9 15,3 17,1 19,4] 22,6
2 78 11,6 12,8/ 13,1 13,5 13,8 15,3 17,2 19,2 23,0| 11,7| 12,7| 13,9 15,3 17,1 19,5 22,7
2 79 11,6 12,8/ 13,1 13,5 13,8 15,3 17,2 19,2 23,1| 11,7 12,7| 13,9 15,3 17,2 19,5 22,8
2 80 11,7 12,8/ 13,1 13,5 13,8 15,3 17,3 19,3 23,2| 11,7 12,7| 13,9 15,3 17,2 19,6/ 22,9
2 81 11,7 12,8/ 13,1 13,5 13,9 15,4 17,3 19,3 23,3| 11,7 12,7| 13,9 15,4 17,2 19,6 23,0
2 82 11,7 12,9 13,1 13,5 13,9 15,4 17,3 19,3 23,4| 11,7/ 12,7} 13,9 15,4 17,2 19,7| 23,1
2 83 11,7 12,9 13,1 13,6/ 13,9 15,4 17,3 19,4 23,6| 11,7 12,7| 13,9 15,4 17,3 19,7| 23,2
2 84 11,7 12,9 13,1 13,6/ 13,9 15,4 17,4 19,4 23,7| 11,8 12,7| 13,9 15,4 17,3 19,8 23,3
2 85 11,7 12,9 13,1 13,6/ 13,9 15,4 17,4 19,5 23,8| 11,8 12,7| 13,9 15,4 17,3 19,8 23,4
2 86 11,7 12,9 13,1] 13,6/ 13,9 15,4 17,4 19,60 23,9| 11,8 12,8 14,0 15,4 17,4 19,9 23,5
2 87 11,7 12,91 13,2 13,6/ 13,9 15,5 17,5 19,60 24,0| 11,8 12,8 14,0, 15,5 17,4 20,0/ 23,6
2 88 11,7 12,91 13,2 13,6/ 13,9 15,5 17,5 19,71 24,2| 11,8 12,8 14,0, 15,5 17,4 20,0 23,7
2 89 11,7 12,91 13,2 13,6/ 13,9 15,5 17,5 19,71 24,3| 11,8 12,8 14,0, 15,5 17,5 20,1 23,9
2 90 11,7 12,91 13,2 13,6/ 14,00 15,5 17,6/ 19,8 24,4| 11,8 12,8 14,0, 15,5 17,5 20,1/ 24,0
2 91 11,7 12,9 13,2 13,7| 14,00 15,5 17,6 19,8 24,6| 11,8 12,8 14,0, 15,5 17,5 20,2 24,1
2 92 11,7/ 13,01 13,2 13,7| 14,00 15,6/ 17,6/ 19,9 24,7| 11,8 12,8 14,0, 15,6 17,6 20,3 24,2
2 93 11,8 13,01 13,2 13,7| 14,00 15,6/ 17,7 20,00 24,8| 11,8 12,8 14,1| 15,6 17,6 20,3 24,4
2 94 11,8 13,01 13,3 13,7| 14,00 15,6/ 17,7 20,00 25,0| 11,9 12,9 14,1| 15,6/ 17,6 20,4 24,5
2 95 11,8 13,01 13,3 13,7| 14,00 15,7} 17,8 20,1 25,1| 11,9 12,9 14,1| 15,7) 17,7| 20,5 24,6
2 96 11,8 13,01 13,3 13,7| 14,1 15,7} 17,8 20,20 25,3| 11,9 12,9 14,1 15,7) 17,7| 20,6 24,8
2 97 11,8 13,01 13,3 13,8 14,1 15,7 17,9 20,2 25,4| 11,9 12,9 14,1| 15,7) 17,8 20,6 24,9
2 98 11,8 13,11 13,3 13,8 14,1 15,7 17,9 20,3 25,6| 11,9 12,9 14,2 15,7) 17,8 20,7 25,1
2 99 11,8 13,1| 13,4/ 13,8 14,1 15,8 18,0 20,4 25,7| 11,9 12,9 14,2 15,8 17,9 20,8 25,2
2 100 11,9 13,1| 13,4/ 13,8/ 14,2 15,8 18,0 20,4 259| 11,9 13,01 14,2 15,8 17,9 20,9 25,3
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Classificacio a partir dos percentis encontrados de acordo com o IMC e idade em meses
para criancas menores de S anos.

VALORES CRITICOS

DIAGNOSTICO NUTRICIONAL

< Percentil 0, |

< Escore-z -3

Magreza acentuada

> Percentil 0,1 e <

2> Escore-z-3 e <

Percentil 3 Escore-z -2 Ve
> Percentil 3 e < > Escore-z-2e < Eutrofia
Percentil 85 Escore-z + |
> Percentil 85 e < > Escore-z + 1 e < Ri d b
Percentil 97 Escore-z +2 SEC S SeISReR
> Percentil 97 e < > Escore-z +2e < Sobrepeso
Percentil 99,9 Escore-z +3 P
> Percentil 99,9 > Escore-z +3 Obesidade

Classificacio a partir dos percentis encontrados de acordo com o IMC e idade em meses

para criancas entre S anos e 1 més a 10 anos.

VALORES CRITICOS DIAGNOSTICO NUTRICIONAL
< Percentil 0,1 < Escore-z -3 Magreza acentuada
> Percentil 0,1 e < > Escore-z-3 e < Musrean
Percentil 3 Escore-z -2 grez
> Percentil 3 e < > Escore-z-2e < Eutrofia
Percentil 85 Escore-z + | utrofi
> Percentil 85 e < > Escore-z + 1 e < SCbreoes
Percentil 97 Escore-z +2 P
> Percentil 97 e < > Escore-z +2e < .
Percentil 99,9 Escore-z +3 Sl
> Percentil 99,9 > Escore-z +3 Obesidade grave

a. SISVAN 2017. Ministério da Saude. Sistema de Vigilancia Alimentar e Nutricional. Relatério seecionado: Estado nutricional
do ano de 2017, todas as regides do Brasil até 5 anos de idade. Disponivel em
<http://dabsistemas.saude.gov.br/sistemas/sisvanV2/relatoriopublico/index>. Acesso em 12 de Dezembro de 2018.




APENDICE I - Ficha clinica utilizada na avaliagdo do indice de carie.
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FICHA CLINICA

Nome: N¢ da Ficha:
Data nasc.: Idade (meses): Sexo: (F) (M): Cor: (B) (N) (P)
Presenca de biofilme visivel: ( )sim ( )nao
A: higido
W: mancha branca ativa
WP: mancha branca paralisada
B: cavitado com lesdo cronica
BW: cavitado com les3do ativa
C: restaurado com cavidade crbnica de carie
CW: restaurado com cavidade ativa de carie
D: restaurado sem lesdo de cérie
DW: restaurado com mancha branca
4: perdido devido a cérie
55 54 53 52 51 61 62 63 64 65
85 84 83 82 81 71 72 73 74 75




