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O Grupo de Pesquisa “Diabetes e Gravidez: Clínico e Experimental”, liderado 

por Rudge vinculado ao Programa de Pós-Graduação em Ginecologia, Obstetrícia e 

Mastologia da Faculdade de Medicina de Botucatu-UNESP, realiza pesquisas 

relacionadas à gravidez complicada pelo diabete e de forma intrincada investiga 

repercussões e resultados fetais, perinatais e neonatais dos descendentes destas 

mulheres. Nos últimos 45 anos, Rudge e o grupo de pesquisadores que a 

acompanhou nesta trajetória em diferentes momentos, realizaram estudos clínicos e 

pré-clínicos, e importantes lacunas do conhecimento foram preenchidas ao longo 

destes anos. 

Foram publicados 110 artigos, concluídas 9 Teses de Doutorado, 12 

Dissertações de Mestrado  e 10 Iniciações Científicas, e foram publicados 1 livro e 8 

capítulos de livro, referentes às repercussões maternas sobre o feto, neonato e ao 

longo da vida da criança. 

A retrospectiva das pesquisas de acordo com ano e número de produção 

estão apresentadas na Figura 1.  Nota-se que, a partir de 1995, houve aumento 

expressivo de publicações de artigos científicos e que se mantém até os dias atuais 

(Figura 1a) A primeira Tese de Doutorado concluída foi em 1988 e, entre os anos de 

2002 e 2003, aconteceu o período com maior número de teses defendidas (Figura 

1b). As pesquisas como projetos de Mestrado tiveram a primeira conclusão em 1991 

e as de Iniciação Científica, em 1999, essa trajetória ocorreu de forma linear ao 

longo dos anos (Figura 1b).  Em 1981, foi publicado o primeiro capítulo de livro e, em 

2001, foi publicado o livro inteiramente dedicado ao assunto (Figura 1c). Ao analisar 

os tipos de estudos realizados em todas as investigações observa-se que a partir de 

1995 houve aumento notório e concomitante, tanto dos estudos clínicos quanto dos 

pré-clínicos, e que se mantém até os dias atuais (Figura 1d).  
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Figura 1. Retrospectiva das publicações e pesquisas desenvolvidas com 

repercussões fetais, neonatais e ao longo da vida de crianças filhas de mães com 

hiperglicemia gestacional: a) Artigos publicados, b) Doutorados, Mestrados e 

Iniciações Científicas concluídas, c) Livro e Capítulos de Livros publicados e d) Tipo 

de Estudo publicado. 
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Entre os anos de 1971 e 1988, os assuntos investigados incluíram questões como: 

realizar o diagnóstico antenatal do sexo1, aspectos anatômicos e clínicos das 

coriomnionites2, correlação da hipertensão específica da gravidez com o parto e 

recém-nascido3 e exames bioquímicos da mãe e do cordão relacionados ao peso ao 

nascimento4.  

A primeira investigação, ainda na fase pré-clínica, com Diabetes Mellitus 

Gestacional (DMG) foi publicada em 1989 e abordou as repercussões fetais e 

placentárias, desta alteração materna5.  

A partir deste marco científico o Grupo de Pesquisa avançou com estudos 

clínicos e pré-clínicos e desenvolveram projetos multicêntricos, para identificar 

biomarcadores com múltiplos enfoques, estabelecer protocolos para o diagnóstico 

dos distúrbios hiperglicêmicos da gestação e condutas que causaram impacto na 

morbimortalidade e outras repercussões fetais, neonatais, perinatais e das 

gestações complicadas por hiperglicemia. 

Investigações na temática com diferentes abordagens foram realizadas entre 

os anos 1990 e 2000 e permearam aspectos obstétricos da macrossomia fetal6, 

correlação com infecção neonatal e clamídia7, vitalidade dos fetos de gestantes 

diabéticas por meio da cardiotocografia8, repercussões fetais da hiperglicemia 

materna decorrente de lesão pancreática9,10, repercussões na composição 

bioquímica do cérebro dos filhotes recém-nascidos de ratas diabéticas com dieta 

restritiva11 e demonstraram diferentes efeitos adversos da gestação sobre seus 

descendentes.12-26 

Estudos com propostas terapêuticas e para investigar minimização de riscos 

foram desenvolvidos27-30 e os desfechos observados direcionaram a conduta 

obstétrica. 
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O artigo publicado em 2.000 com retrospectiva de 10 anos do desfecho 

perinatal evidenciou que, mesmo com o tratamento, as mulheres grávidas diabéticas 

e aquelas com hiperglicemia diária apresentaram maior incidência de prematuridade, 

macrossomia, recém-nascido grande para idade gestacional, malformação e morte 

fetal e neonatal, com consequente mortalidade perinatal. A mortalidade perinatal de 

mulheres com hiperglicemia diária foi 10 vezes maior do que a dos controles e foi 

semelhante à dos pacientes diabéticos. Estes resultados perinatais adversos 

enfatizam a necessidade de diagnóstico e controle de hiperglicemia intrauterina em 

mulheres grávidas diabéticas e em mulheres com perfil glicêmico diurno alterado.31 

Estendendo o conhecimento, os anos entre 2000 e 2010, foram dedicados de 

forma intensa aos estudos translacionais e genéticos que oportunizaram o 

entendimento mais profundo, tanto dos fenômenos fisiológicos de adaptação do 

organismo materno à gravidez, como dos mecanismos fisiopatológicos das 

diferentes alterações maternas e suas repercussões da gestação alterada com 

diferentes níveis glicêmicos sobre o feto e ao longo e sua da vida.32-76   

A internacionalização das pesquisas se evidencia com estudos pré-clínicos e 

tomaram importante proporção a partir de 2010 com estudo sobre as repercussões a 

curto e longo prazo do diabete no desenvolvimento fetal embrionário, 77-109 sendo 

que a última publicação é de 2017, com a investigação “Protocolo de diagnóstico 

para diabetes mellitus gestacional (IADPSG/ADA, 2011): influência na ocorrência de 

DMG e hiperglicemia gestacional leve e nos resultados perinatais”.110 

 Com o propósito de ampliar e aprofundar o conhecimento sobre as 

repercussões maternas nos filhos de mães diabéticas, a presente Dissertação de 

Mestrado se insere. A proposta, como apresentada, é inédita e colabora na 
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elucidação de fatores de risco para o desfecho “Defeito no Desenvolimento do 

Esmalte” (DDE) de filhos de mães com DMG. 

O esmalte dental é considerado  marcador biológico sensível a uma série de 

eventos e situações, pois não contém células vivas e não pode reparar danos. A 

interpretação do DDE pode ser uma poderosa ferramenta de diagnóstico para 

indivíduos e população, e a manifestação clínica pode sugerir a associação com 

fatores sistêmicos ou locais. Esta condição permite a definição da ocorrência do 

evento causador [111] e tem sido utilizada como um indicativo de padrões de saúde 

[112] e qualidade de vida seja em aspectos gerais [113] ou em situações específicas 

[114]. Os DDE podem afetar negativamente a saúde bucal e a estética dental, 

causar sensibilidade dentária, modificar a oclusão [115], dificultar a anestesia [116] e 

serem fatores de risco para cáries e erosão nos dentes das crianças [117] 

 A prevalência do DMG e a exposição ao útero à hiperglicemia aumentam as 

complicações perinatais. As oportunidades para melhorar os efeitos perinatais e os 

efeitos intergeracionais do DMG em longo prazo existem no nível de prevenção, 

triagem e tratamento do DMG e intervenções pós-natal de seus descendentes. 

 Finalmente, é necessário avançar ainda mais para melhorar os resultados 

em longo prazo para os descendentes expostos ao meio materno alterado pela 

hiperglicemia, e a compreensão dos fatores de risco é essencial. 

 
 

 

 

 

As referências desta seção estão apresentadas na Seção 5 desta dissertação. 
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Iniciei a formação acadêmica em odontologia na Universidade de Marília em 

2005 e ao concluir em 2009, a Odontopediatria estava definida como área de 

interesse de trabalho. Entre 2010 e 2012, realizei curso de especialização em 

Odontopediatria na Unesp em Araçatuba que foi, indubitavelmente, a diretriz para o 

interesse em ampliar o interesse de atuação clínica e associar a pesquisa científica. 

Agregando conhecimento e complementando a atuação, cursei entre 2010 e 2013 a 

especialização em ortodontia na Universidade de Marília, e desta formação, o 

conhecimento aprofundado sobre formação dental e do esmalte desde o período 

intrauterino.  

Ao longo de boa parte da minha vida acompanhei cada resultado obtido 

das investigações do Grupo de Pesquisa “Diabetes e Gravidez: Clínico e 

Experimental”, do qual minha mãe faz parte desde 2002. No final de 2014, como 

sempre de forma entusiasmada, ela falou sobre a “tríade” que havia se formado em 

torno da Hiperglicemia gestacional, miopatia diabética gestacional e incontinência 

urinária gestacional, e do projeto ambicioso de investigar ampla e profundamente 

esta associação.  

Entre as investigações, me despertou especial atenção, as análises 

bioquímicas como cálcio, calcitonina, paratormônio e vitamina D, que podem 

responder perguntas relacionadas tanto a hiperglicemia gestacional quanto a 

contração muscular. Neste momento todo conhecimento adquirido na graduação e 

especializações se agruparam e surgiu a pergunta desta dissertação.  Se o meio 

materno está alterado e a formação dental e do esmalte se inicia na vida 

intrauterina, este pode gerar repercussões negativas, porque o desenvolvimento 

dental e do esmalte depende da cascata destas mesmas variáveis bioquímicas. 

Apresentei a proposta de investigação para a professora Marilza Rudge 
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que imediatamente concordou em desenvolver o projeto que conectava duas áreas 

distintas do conhecimento, medicina e odontologia.  Em 2015, iniciei no grupo de 

pesquisa participando das reuniões e discussões e paralelamente construindo o 

projeto de mestrado. Fazer parte de um grupo de estudos com tantos anseios em 

relação à pesquisa abriu meus horizontes para um mundo novo.  

Em 2016, iniciei como aluna regular do Programa de Pós-Graduação e 

cursei disciplinas, coletei dados e colaborei na elaboração de trabalhos 

apresentados em eventos, sendo em 2016, 4 pôsteres em evento nacional como 

coautora (Anexo 1-4) e em 2017 e 2 internacionais (Anexo 5 e 6). Ao longo do 

desenvolvimento do mestrado, realizei curso de capacitação em Sedação 

Consciente com Óxido Nitroso pela Faculdade de Medicina e Odontologia São 

Leopoldo Mandic, Campinas (Anexo 7).  

O parecer consubstanciado do Comitê de Ética em Pesquisa referente a 

esta dissertação está apresentado no Anexo 8, assim como  o Termo de 

Consentimento Livre no Anexo 9. 

Finalizar esse projeto foi um processo de muitos desafios, porém de 

extrema gratificação e com valioso crescimento pessoal e profissional. 
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Pascon, T. Associação do diabetes mellitus gestacional com os defeitos de 
desenvolvimento de esmalte na dentição da criança. 2018. 107f. Dissertação 
(Mestrado) – Faculdade de Medicina de Botucatu, Universidade Estadual Paulista, 
Botucatu, Brasil. 
 

Introdução: O Diabetes Mellitus Gestacional (DMG) está associado a repercussões 
a curto e longo prazo. O legado do ambiente intrauterino diabético, adquirido durante 
a gestação, não pode ser ignorado e esses efeitos se estendem para além do 
nascimento. Estudos demonstraram que a hiperglicemia altera o processo de 
desenvolvimento dentário, afetando a erupção dentária e a mineralização. Objetivo 
O objetivo foi avaliar as consequências em longo prazo da exposição intrauterina à 
hiperglicemia no Desenvolvimento do Esmalte Dentário nos descendente de mães 
com DMG. Método: Foram avaliadas crianças filhas de mães com DMG. Foi 
coletado questionário do histórico médico estruturado. A informação solicitada para 
mãe abrangeu vários aspectos, incluindo história gestacional, história de 
nascimento, histórico neonatal e infantil, obtidos na forma de questionários auto 
relatados, registros médicos e dentários. Depois que seus pais assinaram o termo 
de consentimento informado, as crianças foram examinadas no Ambulatório Clínico 
de acordo com as diretrizes da Organização Mundial de Saúde para estudos 
epidemiológicos sobre Saúde bucal. Uma lanterna, um espelho bucal descartável 
intraoral plano, instrumentos clínicos e um retrator labial infantil em forma de C foram 
utilizados para o exame. O número total de dentes existentes foi identificado e 
diferenciado por dentes decíduos ou permanentes. O exame para o diagnóstico de 
DDE e tipo DDE de todas as superfícies dos dentes foi realizado de acordo com os 
critérios Federação Internacional Dental. Resultados: Nossos resultados mostram 
incidência elevada de DDE (p<0,001) e hipoplasia em crianças de mães com 
diabetes gestacional (p = 0,043). A análise com o modelo logístico ajustado para 
gênero, etnia e Índice de Massa Corporal do recém-nascido mostra risco maior de 
DDE (OR 3,04 1,34 ± 6,92, p<0,001) e Opacidade Demarcada (OR 12,54 1,73 ± 
90,87, p = 0,012) em prole pré-exposta a DMG. O diagrama da cronologia 
intrauterina de formação de esmalte dental foi construído e contêm um conjunto de 
dados consistentes sobre o início e a formação final do esmalte dental. Conclusão: 
O DMG foi associado aos efeitos adversos do Defeito de Desenvolvimento de 
Esmalte (DDE) nos descendentes, e o tipo DDE associado foi a Opacidade 
Demarcada. A prevalência de DDE foi significativamente maior nos descendentes de 
mães com DMG e o tipo de DDE que apresentou maior proporção foi hipoplasia. 
Houve maior proporção de dentes com DDE nos descendentes de mães com DMG, 
na dentição decídua houve proporção significativamente maior para os tipos 
Opacidade Demarcada e Hipoplasia no grupo DMG e na dentição permanente teve 
significativamente maior proporção para o tipo Opacidade Difusa no grupo DMG. 
 
Palavras-chave: Diabetes gestacional, Defeitos de desenvolvimento do esmalte; 
Esmalte, Dentição Primária; Dente de leite; Dente permanente. 
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Pascon, T. Association of gestational diabetes mellitus with developmental 

defects of enamel in the child's dentition. 2017. 107f. Thesis (Master) - São Paulo 

State University (Unesp), Medical School, Botucatu, Brazil. 

 
Background and objective:  Gestational Diabetes Mellitus (GDM) is associated with 
short and long-term repercussions. The legacy of the diabetic intrauterine 
environment, acquired during gestation, cannot be ignored and these effects extend 
beyond those apparent at birth. Studies have shown that hyperglycemia alters the 
tooth development process, affecting tooth eruption and mineralization. Our objective 
was to evaluate the long-term consequences of intrauterine exposure to 
hyperglycemia on offspring Developmental Defects of Enamel (DDE). Method: A 
structured medical history questionnaire was sent. Background information solicited 
from the mother covered several aspects including gestational history, birth history, 
neonatal and infant history, obtained in the form of self-reported questionnaires, 
medical and dental records. After their parents signed the informed consent form, the 
children were examined in the Clinical Ambulatory according to the World Health 
Organization guidelines for epidemiological studies on oral Health. A headlight, plane 
intra-oral disposable mouth mirror, clinical instruments, an infant C-shaped labial 
retractor were used for the examination.  The total number of existing teeth was 
identified and differentiated by deciduous or permanent teeth. The examination for 
the diagnosis of DDE and type DDE of the all surfaces of the teeth was performed in 
accordance by Federation Dental International criteria. Results: Our findings show 
higher rates for DDE (p<0.001) and Hypoplasia for offspring of mothers with 
gestational diabetes (p = 0.043).The analysis with the logistic model adjusted for 
gender, ethnicity and body mass index of the newborn, shows a higher risk of DDE 
(OR 3.04; 95% CI 1.34, 6.92; p<0.001) and Demarcated Opacity (OR 12.54; 95% CI 
1.73.90.87; p = 0.012) in offspring pre-exposed to GDM. Intrauterine chronology of 
dental enamel formation diagram was developed and contains a grouped consistent 
data about start and final dental enamel formation. Conclusion: GDM was 
associated with the adverse effects of DDE on offspring, and the type DDE was 
Demarcated Opacity. The prevalence of DDE was significantly higher in the offspring 
of GDM mothers and type DDE that presented the highest proportion was 
Hypoplasia. It can also be concluded that there was a higher proportion of teeth with 
DDE in offspring of GDM mothers, in the deciduous dentition there was a significantly 
higher proportion for the type Demarcated Opacity and Hypoplasia in the GDM and in 
permanent dentition had a significantly higher proportion for the type Opacity Diffuse 
in GDM. 
 
 
Keys Words: Diabetes gestational, Developmental Defects of Enamel, Enamel, 
Primary Dentition, Deciduous Teeth, Permanent Teeth. 
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Abstract 

Background and objective:  Gestational Diabetes Mellitus (GDM) is associated with 

short and long-term maternal and perinatal repercussions. The legacy of the diabetic 

intrauterine environment, acquired during gestation, cannot be ignored and these 

effects extend beyond those apparent at birth. Our objective was to evaluate the 

long-term consequences of intrauterine exposure to hyperglycemia on offspring 

Developmental Defects of Enamel (DDE). This study is original, unpublished and in 

this way it is a new research line. Results: Our findings show higher rates for DDE 

(p<0.001) and dental enamel Hypoplasia for offspring of mothers with gestational 

diabetes (p = 0.043).The analysis with the logistic model adjusted for gender, 

ethnicity and body mass index of the newborn, shows a higher risk of DDE (OR 3.04; 

95% CI 1.34, 6.92; p<0.001) and Demarcated Opacity (OR 12.54; 95% CI 

1.73.90.87; p = 0.012) in offspring pre-exposed to GDM. Intrauterine chronology of 

dental enamel formation diagram was developed and contains a grouped consistent 

data about start and final dental enamel formation. Conclusion: GDM was 

associated with the adverse effects of DDE on offspring, and the type DDE was 

Demarcated Opacity. The prevalence of DDE was significantly higher in offspring of 

GDM and type DDE that presented the highest proportion was Hypoplasia and higher 

proportion of teeth with DDE in offspring of GDM mothers, in the deciduous dentition 

there was a significantly higher proportion for the type Demarcated Opacity and 

Hypoplasia in the GDM group and in permanent dentition had a significantly higher 

proportion for the type Opacity Diffuse in GDM. 

 

Keys Words: Diabetes gestational, Developmental Defects of Enamel, Enamel, 

Primary Dentition, Deciduous Teeth, Permanent Teeth. 
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Introduction 

 

Gestational Diabetes Mellitus (GDM) [1, 2] is associated to an increased risk 

of complications for both mother and baby, during pregnancy as well as postpartum 

period [3-6]. It is also associated with short and long-term repercussions [7-11]. The 

legacy of the diabetic intrauterine environment, acquired during gestation, cannot be 

ignored and these effects extend beyond those apparent at birth [12]. Currently infant 

survival is the norm but the long-term effects in offspring of GDM mothers who are 

born today, may differ from those reported many years ago. It is likely that offspring 

of GDM mothers will be affected at early ages with new or unreported complications. 

New studies involving different organs and process altered by gestational 

dysglycemia may be associated with unrecognized newborn defects [13-16]..  

Several studies  suggests that the maternal  health conditions, in particular 

hyperglycemia during pregnancy, can alter fetal development, affecting organ 

formation and increasing the risk of diseases such as neural tube defects, 

cardiovascular disease, obesity, diabetes, and cancer in the offspring via epigenetic 

mechanism [13-16]. However, the effects of maternal diabetes on tooth development, 

and the associated underlying mechanisms have not been thoroughly investigated 

[17]. 

Epidemiologic and animal model studies have shown that hyperglycemia 

changes the tooth development process, affecting tooth eruption and mineralization 

[18-20].  

An experimental model Chen et al. suggest a new mechanism through which 

Apex1 mediates the tooth development in maternal diabetes-affected offspring, and 

indicates a direct link between maternal diabetes and epigenetic silencing of genes 
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such as Oct4 and Nanog. The results of this study also suggest novel targets for 

strategies to prevent or treat tooth Hypoplasia in addition to valuable information for 

tissue engineering to regenerate teeth [17].  

The tooth development process starts in intrauterine life [8]. in a process 

controlled by cellular and molecular sequential networks acting at specific times and 

places at the embryonic and fetal stage and continues after birth [21]. 

Odontogenesis is the continuous process of formation of dental elements, and 

is divided into 5 stages starting at 6th and 7th week of intrauterine life, and at 11st and 

12th week the enamel organ differs in 4 layers to protect the enamel organ and 

assisting the enamel support [21, 22]. 

The specific stage of development of enamel formation is amelogenesis, 

which is responsible for the formation of dental enamel and is divided into the matrix 

formation stage, calcification stage and maturation stage. Also there is a genetic, 

systemic and environmental influence [23-25]. In spite of this the start of tooth 

enamel formation does not occur simultaneously in all groups of teeth. All deciduous 

teeth and two groups of permanent teeth initiate enamel formation in intrauterine life 

from 14th to 32nd gestational week [26, 27].  

The amount of enamel deposited in a day varies according to maternal and 

fetal systemic factors, and distinct patterns of incremental lines can be formed and 

faithfully reproduced in the enamel of all the teeth in formation at a given time [26, 

27]. 

Dental enamel is a visible part of teeth, the hardest tissue of the human body 

[28] and functions as a dental cap to protect the internal parts of teeth, interact with 

substances in the mouth, and withstands the shear forces because of the direct 

contact with opposition teeth and masticatory pressures provoked by impact on 
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masticatory muscle activity [29]. 

Disturbances during the formation stage of the matrix will result in 

pathologically thin or insufficient enamel [25] characterized as a quantitative defect 

and referred to as Hypoplasia. Disturbances during the stage of maturation or 

calcification will result in alteration of the translucency and enamel coloration, 

characterized as qualitative defect (hypocalcification) and classified as Opacities [26, 

30]. Developmental Defects of Enamel (DDE) may negatively affect oral health and 

aesthetics, cause tooth sensitivity, change occlusion [31], difficult to anaesthetize [32] 

are risk factors for caries and erosion in children's teeth [33].   

Enamel hypomineralisation is a qualitative defect presenting alterations in 

enamel translucency and opacity. The defective enamel is of normal thickness, and 

opacities can be diffuse or demarcated, with white, yellow or brown colour [27, 34]. 

Enamel Hypoplasia is a quantitative enamel deficiency and presents a decreased 

enamel thickness such as pits, grooves or generalised lack of surface enamel [34]. 

Much of this demarcated qualitative DDE would currently be described as molar-

incisor hypomineralisation in the permanent dentition or hypomineralised second 

primary molar in the primary dentition [35-38].  

Enamel is considered a sensitive biological marker for some conditions, it’s a 

tissue with no living cells and cannot be repair after injured, damaged. The 

interpretation of DDE could be useful for diagnostic both individual and population 

clinical manifestation may suggest the association with systemic or local factors. This 

condition allows the definition of the occurrence of the causative event [39] and has 

been used as an indicative of health standards [40] and quality of life, either  in 

general aspects [41] or in specific situations [42]. 

The prevalence of DDE ranges from 23.9 to 90.4% in the deciduous dentition 
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and 52.0 to 92.1% in the permanent dentition [43-46], however, regrettably all the 

causal factors for the different DDE types are not well established [47].  

The limited studies focused on Diabetes Mellitus and animal studies with high 

heterogeneity among them, unclear the readers. To elucidate the knowledge gap on 

the scientific evidences of the association of GDM with DDE in a broad way, we 

elaborated a strategy of search with the keywords association of interest, most of our 

review of original papers revealed no study presenting data about DDE in offspring  

of GDM mothers. 

In view of the lack of reliable information bonding GDM and DDE, this study 

offers a unique opportunity to examine this correlation. This study is original, 

unpublished and in this way it is a new research line. 

Thus, our objective in this study was to evaluate the long-term consequences 

of intrauterine exposure to hyperglycemia on offspring DDE, 3-12 years after birth. 

Specific analyses on the rate of DDE and type DDE, surface local, dentition´s types, 

tooth groups and number of affected teeth according to intrauterine chronology of 

dental enamel formation. Develop the diagram with the chronology of the enamel and 

percentage formed at birth. 

 

Methods 

 

 Setting and Population 

This study was part of a prospective cohort study to evaluate the short and 

long-term effect of GDM on mothers and offspring. The study was conducted in the 

Perinatal Diabetes Research Center (PDRC) of Botucatu Medical School /UNESP/ 

Brazil, from March 2016 to September 2017. All mothers and offspring assisted at the 
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Perinatal Diabetes Research Center between 2003-2013 were invited to participate. 

The selection of mothers and children in the GDM group was performed in this center 

since there is a tertiary referral center for perinatal diabetes care.  

 

Sample size estimation 

Sample size was calculated based on the estimated prevalence of 7% GDM 

[1], 16% DDE [48], absence of confounders, type I errors = 0.20 and II = 0.05. It was 

estimated that to detect differences greater or equal to 30% size 13 children in the 

group of GDM mothers (GDM) and 184 to form the control group with children of 

normoglycemic mothers (NGT). 

 

Selection of subjects 

The children were included only if the mothers agree to have a dental 

examination and were informed that they could terminate the follow-up at any time. A 

written informed consent for the inclusion of their records was obtained from mothers 

of all selected children, according to the Helsinki Declaration principles. 

Access to the maternal and offspring data was approved by hospital trust 

administrations.  Some of the mother did not accept our invitation and a lot of children 

did not cooperate in the required clinical examination. Additionally, children with the 

history of systemic disease, deciduous tooth infection or trauma to the jaw were 

excluded from the study. GDM was diagnosed by 75-g glucose tolerance test (75-

gGTT), recommended by the American Diabetes Association[1], and the glucose 

profile test as recommended by Rudge [3], between 24th and 28th gestational 

weeks. All mothers with GDM received glucose-lowering treatment consisting of 

dietary and lifestyle counselling and no mothers needed insulin therapy during 
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pregnancy. Criteria for maternal and offspring ineligibility [26, 43, 49-56] was defined 

based on all the variables clearly mentioned in the literature as possible risk factors 

for the development.  The criteria of inclusion maternal were women with GDM or 

NGT diagnosis [1, 3] and in offspring were age at three and 12 years old. Those 

mothers and children who accepted the invitation (n = 572) were included as 

participants. Children were classified according to intrauterine hyperglycemia 

exposure (GDM study group n = 50) or intrauterine normoglycemic exposure (NGT 

control group n = 250) (Figure 1). 

 

Figure 1. Flowchart of individuals enrolled in the study. 

 

Information Collection 

A structured medical history questionnaire was sent. Background information 

solicited from the mother covered several aspects including gestational history, birth 

history, neonatal and infant history, obtained in the form of self-reported 

questionnaires, medical and dental records. After their parents signed the informed 
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consent form, the children were examined in the Clinical Ambulatory according to the 

World Health Organization [56] guidelines for epidemiological studies on oral Health. 

All data were confirmed in electronic database PDRC, of Botucatu Medical School. 

 

Standardization of examiner 

Prior to the examination a calibration exercise [57] was conduct between the 

two examiners using 41 clinical photographs of patients obtained from the 

Department of Pediatric Dentistry at Araraquara Dental School. A month after this 

exercise the clinical photographs were re-exanimate by the same two examiners, and 

the kappa statistics [58] were used to measure the concordance between the 

examiners. The test agreement for type DDE were obtained to intra-examiner 

excellent (0.79 and 0.82), inter-examiner good and excellent (0.67 and 0.75) and with 

the gold standard excellent (0.69 and 0.76; 0.76 and 0.79) reliability [57, 58]. 

 

Dental Clinical Examination and DDE Diagnostic Criteria 

The examinations were performed using a headlight, plane intra-oral 

disposable mouth mirror, clinical instruments, infant C-shaped labial retractor dental 

and sterile gauze for teeth cleaning and drying. The intraoral examinations were 

performed using biosafety material and protection for the examiner and child. 

Previously examining children's teeth clean and dry with gauze in order to remove 

any gross plaque or food deposits that may have been present [43].  

A headlight, plane intra-oral disposable mouth mirror, clinical instruments, an 

infant C-shaped labial retractor were used for the examination.  The total number of 

existing teeth was identified and differentiated by deciduous or permanent teeth. The 

examination for the diagnosis of DDE and type DDE of the all surfaces of the teeth 
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was performed in accordance with FDI criteria (FDI) [27] by Defects of Dental Enamel 

Development (DDE Index). 

A probe was used to detect or confirm the presence of any discontinuity of the 

enamel surface of the teeth, and the child was examined in a sitting position on a 

chair or lying in stretcher. The DDE and type DDE was established by clinic 

examination and the clinical diagnostic was confirmed by two blinding examiners by 

using teeth photograph [59]. Occlusal photographs were taken from the upper and 

lower arches, lateral on both sides and frontal, using a digital camera (Sony® Cyber 

Shot, 162 mega pixels Exnos R, 30x optical zoom) DSC HXICOV  -  HDAVCHD).  

The diagnostic criteria for occurrence of DDE and its three types (modified 

DDE index) were standardized, both by clinical examiner and the examiners who 

confirmed in the photograph [26]. The three main types of enamel defects based on 

macroscopic appearance, namely demarcated opacity, diffuse opacity and 

hypoplasia were defined for the recognition of type DDE. Fluorosis was evaluated 

[60] only to differentiate from DDE and was excluded from the analysis [56, 57, 61]. 

 

Diagram developmental 

Diagram was developed based upon literature [1, 26, 27, 52, 61-66] and 

considering the intrauterine formation of enamel in deciduous and permanent 

dentition chronology. All the deciduous teeth were included because of the onset of 

enamel formation in some intrauterine weeks and the groups of permanent teeth 

incisive and molars were included because they are the ones that begin the 

formation of enamel in intrauterine life. The teeth were differentiated by group of 

teeth and dentition and the percentage and local surface of the teeth formed 

described in two moments, being the percentage formed in the term delivery and 
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intrauterine or post-birth period of the complete enamel formation of all the teeth 

included in this diagram. 

 

Ethics Statement 

Ethical permission was obtained from the Institutional Ethical Committee of 

Botucatu Medical School of the São Paulo State University (CAAE 

60537316.3.0000.5411). 

 

Statistical methods 

Statistical analysis was performed using SPSS v21.0 (IBM, Armonk, NY, 

USA). Demographic data were reported as mean and standard deviation or 

percentages to categorical variables. Descriptive data analysis and odds ratio with 

95% confidence interval (CI) were estimated.  Non-normally distributed variables 

were analyzed using non-parametric tests:  Chi-Square and Fisher Exact to compare 

the qualitative demographic data. The assess the relative strength of the association 

between the presence of GDM and DDE, and various potential risk factors, 

unadjusted logistic regression analyses were performed. The significance level was 

set at 0.05.  

 

RESULTS 

Among the demographic, clinical and anthropometric details in offspring, it is 

observed that in relation to the gender (p = 0.179) and age (p = 0.665) no difference 

between groups NGT and GDM, and in relation to ethnicity and body mass index 

(BMI) at birth, there was a higher rate of white people (p = 0.001) and overweight or 

obesity (p<0.001) in GDM (Table 1). 
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Table 1. Demographic characteristics of participants in offspring of normoglycemic 

(NGT) and Gestational Diabetes Mellitus (GDM) mothers. 

Variable NGT (n= 250) GDM (n=50) p value 

  Mean     SD Mean     SD   

Age (year) 5.86  1.378 5.96  2.194       0.665 

       n   % n    %   

Gender         

   Male 126  50.4 20  40.0 0.179 

   Female 124  44.6 30  60.0 0.179 

Ethnicity         

   White   99  39.6 33  66.0 0.001 

   Black 151 60.4 17 34.0 0.001 

BMI (Kg/m2) at birth       <0.001 

   Eutrophic  166  66.4 12  24.0   

   Overweight/Obese    68  27.2 37 74.0   

   Low weight   16    6.4   1  2.0   

Chi-square or Fisher's Exact. Statistically significant p value was less than 0.05. 
Body Mass Index (BMI) 

 

No difference was observed in the average number of teeth analyzed per 

offspring between the NGT and GDM groups in relation to the total number of teeth 

(p = 0.915), number of deciduous teeth (p = 0.425) and permanent teeth (p = 0.603) 

(Table 2). 

 

Table 2. Mean and standard deviation of the number of teeth evaluated by child, by 

deciduous and permanent teeth, in teeth of the offspring of the normoglycemic (NGT) 

and Gestational Diabetes Mellitus (GDM) mothers. 

Variable NGT GDM p value 

 Mean SD Mean SD  

Teeth evaluated (n=6559) 21.23 1.893 21.20 2.000 0.915 

Deciduous teeth evaluated (n=5253) 17.07 3.061 16.66 4.289 0.425 

Permanent teeth evaluated (n=1306) 4.17 4.402 4.54 5.768 0.603 

Chi-square or Fisher's Exact. Statistically significant p value was less than 0.05. 



42 
 

The results compares the frequency distribution of DDE and type DDE, among 

the participants of the NGT offspring and the GDM offspring, which demonstrates 

higher rate of DDE (p<0.001) and Hypoplasia (p = 0.043) in GDM when compared to 

NGT. In the Demarcate Opacity (p = 0.132) and Diffuse (p = 0.131) difference was 

not found between groups (Table 3). Only two cases of fluorosis were found in the 

GDM group and no cases in the NGT group, it has been excluded from the analysis. 

 

Table 3. Comparison of the frequency of Developmental Defects Enamel (DDE) and 

type DDE, among of offspring of normoglycemic (NGT) and Gestational Diabetes 

Mellitus (GDM) mothers. 

 Variable NGT (n= 250 ) GDM (n=50) p value 

  n % n %  

DDE 21 8.4 13 26.0 <0.001 

Type DDE      

   Demarcate Opacity     5 2.0   3  6.0   0.132 

   Diffuse Opacity   2 0.8   2  4.0   0.131 

   Hypoplasia 18 7.2   8 16.0   0.043 

Chi-square or Fisher's Exact. Statistically significant p value was less than 0.05. 
 

In the adjusted logistic regression model, the independents variables of DDE 

and type Demarcate Opacity (OR 3.04; 95% CI 1.34, 6.92; p<0.001 and OR 12.54; 

95% CI 1.73.90.87; p = 0.012 respectively) were associated with GDM. No 

association was found between Diffuse Opacity (p = 0.166) and Hypoplasia (p = 

0.190) with GDM (Table 4). The logistic regression model was adjusted by newborn 

gender, ethnicity and BMI. 
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Table 4. Association between Gestational Diabetes Mellitus and Developmental 

Defects Enamel (DDE) in offspring dentition and by type DDE.  

 Variable OR 95% CI p value 

DDE 3.04 1.34-6.92 <0.001 

Type DDE    

   Demarcate Opacity  12.54 1.73-90.87 0.012 

   Diffuse Opacity 4.49 0.53-37.76 0.166 

   Hypoplasia 1.88 0.73-4.85 0.190 

Logistic model adjusted by newborn gender, ethnicity and BMI. Statistically 
significant p value was less than 0.05. 
 

Table 5 showed higher rate of teeth with DDE in the GDM group compare to 

NGT (p<0.001), and by type DDE classification show higher rate in the Diffuse 

Opacity (p<0.001) and no significant difference between groups in the Demarcate 

Opacity (p = 0.129) in the Hypoplasia (p = 0.071). The analysis per dentition of the 

DDE, in Deciduous teeth, showed higher rate in the GDM group compare to NGT 

(p<0.001) and by type DDE was observe higher rate Demarcate Opacity (p<0.001) 

and Hypoplasia (p<0.001), no significant difference was observe in the Diffuse 

Opacity between groups (p = 1.000). The analysis of the DDE of the permanent teeth 

showed no difference between groups   (p = 0.357) and the analysis per type DDE 

was observe a higher rate Diffuse Opacity (p<0.001) and no significant difference in 

the Demarcate Opacity (p = 1.000) and Hypoplasia (p = 0.727). 
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Table 5. Frequency of the all teeth evaluated, of the Deciduous and Permanent teeth, 

of the DDE and type DDE in all teeth and in the Deciduous and Permanent teeth, in 

teeth offspring of the group normoglycemic (NGT) and Gestational Diabetes Mellitus 

(GDM) mothers. 

Variable  NGT GDM p value 

Total teeth evaluated (n=5499) (n=1060)  

  n %  n %  

(all teeth) -Demarcate Opacity  13 0.24  6 0.57 0.129 
Type DDE Diffuse Opacity    2 0.04  6 0.57 <0.001 
 Hypoplasia  32 0.58 12 1.13 0.071 

Total Teeth with DDE  47 0.85 24 2.26 <0.001 

      

Total Deciduous teeth evaluated (n=4420) (n=833)  

 n % n %  

Type DDE Demarcate Opacity 0 0  4 0.5 <0.001 
Diffuse Opacity 1 0.02  0 0 1.000 
Hypoplasia 6 0.13  8 0.96 <0.001 

Total Deciduous Teeth with DDE 7 0.16 12 1.44 <0.001 

      

Total Permanent teeth evaluated (n=1079) (n=227)  

  n   %  n   %  

 Demarcate Opacity 13 1.20  2 0.88 1.000 
Type DDE Diffuse Opacity   1 0.09  6 2.64 <0.001 
 Hypoplasia 26 2.40  4 1.76 0.727 

Total Permanent Teeth with DDE 40 3.71 12 5.29 0.357 

Chi-square tests or Fisher's exact test. Statistically significant p value was less than 
0.05. 
 
 

To support the interpretation of our findings regarding the period of intrauterine 

enamel formation we used the "Intrauterine Chronology of the Dental Enamel 

Formation" (ICDEF) diagram elaborated in this study and is presented in Figure 2. 
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"Intrauterine Chronology of the Dental Enamel Formation" (ICDEF) 

Start of mineralization of dental enamel intrauterine life 
 

% of mineralization of dental 
enamel at birth 

Complete mineralization of dental enamel after birth 
 

Gestational Week At birth Month after birth Year after birth 

14
th
 15

th
 16

th
 17

th
 18

th
 19

th
 31

st
 32

nd
 38

th
- 40

th
 1 2 3 4 5 6 7 8 9 10 11 12 1 2 3 4 

MxCI 
       

 Vestibular face 83%  
Incisal tip 83% 

 
                            

 

MdCI 
      

 
 

Vestibular face 60%  
Incisal tip 60% 

 
                              

 

1
st 

MxM 
      

Occlusal face 100%                        
Cuspal ridges 100%                        

Vestibular face 50-75% 
 

                              

1
st
 MdM 

      
Occlusal face 100%  

 
                              

 
 MxLI 

    

 
 

Vestibular face 67% 
Incisal tip 67% 

 
                              

 
 MdLI 

    

 
 

Vestibular face 60% 
Incisal tip 60% 

 
                              

 
DECIDUOUS TEETH MxC 

   

 
 

Vestibular face 33% 
Incisal tip 33% 

 
                              

 
 MdC 

   

 
 

Vestibular face 33% 
Incisal tip 33% 

 
                              

 
 2

nd
 MxM 

  

 
 

Occlusal face 98%                        
Vestibular face 20-25% 

 
                              

 
2

nd
 MdM 

  
Occlusal face 98% 

 
                              

PERMANENT TEETH 

MxCI 
 

no found 
 

                              

MdCI 
 

 no found 
 

                              

 

1
st
 MxM  no found 

 
                            

 1
st
 MdM  no found 

 
      

 

                      

 
Figure 2. Diagram "Intrauterine Chronology of the Dental Enamel Formation" (ICDEF).Legend: Maxillary Central Incisor (MxCI); 
Mandibular Central Incisor (MdCI); First  Maxillary  Molar (1st MxM); First Mandibular  Molar (1st MdM); Maxillary Lateral Incisor 
(MxLI); Mandibular Lateral Incisor (MdLI); Maxillary Canine (MxC); Mandibular Canine (MdC); Second Maxillary  Molar (2nd MxM); 
Second Mandibular  Molar (2nd MdM). 
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The analysis of intrauterine chronology of enamel formation by the ICDEF is 

presented in Figure 3. We showed higher rate of Demarcated Opacity in deciduous 

teeth Canine (17th) and 2nd Mandibular Molar (19th) in the GDM (p = 0.027) and  has 

no significantly difference in the others deciduous and permanent teeth (Figure 3a); it 

had higher rate of Diffuse Opacity in the permanent Maxillary Central Incisor (31st)   

(p = 0.030) and permanent 1th Maxillary Molar (32nd) (p = 0.003)  in GDM and no 

difference significantly in deciduous teeth (Figure 3b), had higher rate of Hypoplasia 

in 2nd Maxillary Molar (19th) (p<0.004) and 2nd Mandibular Molar (19th) (p = 0.027) in 

the GDM and no difference was observe in the others deciduous and permanent 

(Figure 3c). Considering the ICEDEF (Figure 2) and the analysis of the figure 3, the 

groups of teeth that presented higher proportion for DDE in the GDM started their 

enamel formation from the 17th week of intrauterine life and subsequent weeks.  
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Figure 3. Representation Graphic of the Frequency of DDE according to Intrauterine 
Chronology of Dental Enamel Formation Teeth groups and by type DDE: a) 
Demarcate Opacity, b) Diffuse Opacity and c) Hypoplasia, in teeth of the offspring of 
the group normoglycemic (NGT) and Gestational Diabetes Mellitus (GDM) mothers. 
 
Chi-square tests or Fisher's exact test. Statistically significant p value was less than 
0.05. 
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Discussion 

The purpose of this study was to analyze the influence of prenatal exposure of 

GDM on DDE in the offspring, to compare the rate of DDE, type  DDE, affected local, 

dentition type, groups of teeth and the number of affected teeth, and to build the 

Intrauterine chronology of dental enamel formation diagram. Our findings show 

higher rates for DDE and Hypoplasia for offspring of mothers with gestational 

diabetes. The analysis with the logistic model adjusted for gender, ethnicity and BMI 

of the newborn, shows a higher risk of DDE and Demarcated Opacity in offspring 

pre-exposed to GDM. Intrauterine chronology of dental enamel formation diagram 

was developed and contains a grouped consistent data about start and final dental 

enamel formation. 

In our study, protocol, diagnostic criteria and classification were calibrated 

and the literature indicates that this greatly improves the quality of the studies [67]. 

For the diagnosis and classification of DDE based on FDI [27] and analyzed the 

frequency of the data. It was concluded that it stipulates a frequency of gestational 

phase exclusive enamel defects is innovative and contributes greatly to reducing 

conflict between studies examining risk factors for DDE, because it establishes a 

methodology that reduces errors in the diagnosis in these studies [55]. 

The prevalence in this study of enamel defects (34.4%) found in the population 

was similar to other Brazilian studies that found rates in 29.9% [30, 68]. The 

intrauterine diabetic environment leads to increased susceptibility to disease in 

offspring [10, 69] maternal disorders were related to enamel defects in 26% in GDM 

and in the control 8.4% of the cases in this research. The results showing this 

relationship were discordant with the literature with findings between 40% and 70% 

[70-72], probably because in these studies the same criteria of ineligibility of our 
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study were not applied. However, our findings highlight the importance of prenatal 

care in preventing maternal diseases and dental enamel disorders [70]. 

We found a higher rate of DDE and Diffuse Opacity in teeth of offspring of 

GDM mothers. In the deciduous dentition, we found a higher rate for DDE and 

Demarcated Opacity and Hypoplasia, and in the permanent dentition we found a 

higher rate only in the type of Diffuse Opacity in the offspring of mothers with GDM. 

In order to analyze the prevalence of enamel defects in the primary dentition 

that began during pregnancy, longitudinal, descriptive and retrospective quantitative 

study was carried out in a city in the south of Brazil, with children between 1 to 3 

years [19]. The predominant results showed that there were changes in the formation 

of primary teeth and appearance of Opacities and Hypoplasia, and that these were 

related to systemic complications during pregnancy [19]. Although it has not been 

described, there were 3.2% of mothers with gestational diabetes, some animal [73] 

and human studies point out that maternal systemic conditions such as nutritional 

deficiencies of vitamins; calcium and phosphorus for example, and/or even 

uncontrolled gestational diabetes are factors which influence the prevalence of 

Hypoplasia [19, 73]. 

The Guapanchi et al. study is one of the rare studies that pursuit enamel 

defects of diabetic mothers with a present study that evaluated the occurrence of 

opacities beyond Hypoplasia. The study showed that a mother’s disease can 

influence odontogenesis [8].The study also verify the relationship between 

gestational diabetes and enamel Hypoplasia in their offspring, 50 children were 

evaluated in each group aged 3 to 12 years, 50% enamel Hypoplasia and 20% 

control group, and there was a significant difference between the two groups (p = 

0.003) and a high relation between gestational diabetic diabetes and enamel 
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Hypoplasia [8]. 

Our study also evaluated children aged 3-12 years, in the GDM group found 

16% of cases with Hypoplasia, a difference that is justified by the fact that the 

Guapanchi et al. [8] study did not apply the exclusion and ineligibility criteria.  

The analysis in our study was found that in the GDM, the groups of teeth 

showed a higher rate of Demarcated Opacity in deciduous canine teeth and 2nd Molar 

Mandibular; for Diffuse Opacity in the permanent maxillary central incisor and 

permanent maxillary 1st molar teeth and for Hypoplasia in 2nd maxillary molar and 2nd 

molar mandibular.  GDM group the teeth of the deciduous dentition with the highest 

number of cases of Hypoplasia were the 2nd maxillary molars and 2nd mandibular 

molars. In the permanent dentition were the central incisors and the 1st molars. NGT 

group the teeth with the highest cases of Hypoplasia were the 1st molars and the 

central incisors, both in the permanent dentition.  The results are partially similar to 

that of Guapanchi et al. [8] since we found Hypoplasia in 2nd mandibular molar and 

maxillary deciduous, and 1st molar, permanent central incision, maxillary canine and 

central incisor. 

Our finding is consistent with that of the animal study conducted by Afshar et 

al. [74] Silva-Sousa et al.[19] in spite of the  study conducted by Noren [75] there was 

no control group for comparison and no relation was found between enamel 

Hypoplasia and gestational diabetes of the mothers [8]. These values cannot be 

compared because the percentage presented in the Guapanchi et al. [8] study was 

by the number of affected teeth and in the present study this percentage refers to the 

total number of teeth evaluated. 

In present study, a significant relation was observed between gestational 

diabetes of the mothers and the number of teeth with enamel Hypoplasia in their 
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children. This suggests that children born to diabetic mothers are more likely to affect 

their teeth than the children of healthy mothers 

Our findings do not confirm the findings of other studies in which no 

association between diabetes occurred in gestation and defects in enamel 

development was observed. Such disagreement can be explained by the fact that 

these studies [30, 31, 72, 76], were prevalent and presented in their sample 3.2% 

and 1% of mothers with gestational diabetes, different from our study that composed 

a comparative group of mothers with gestational diabetes and another control group.  

A study conducted in Hong Kong aimed investigating potential risk factors 

associated with the occurrence of DDE in primary teeth through a prospective cohort 

study, assessed a random sample from the community of children. Diffuse Opacities 

were the most common type of DDE. Several possible etiological factors were 

considered, however, after adjusting for confounding factors, no variable could be 

identified as a risk factor for DDE in this cohort study. When analyzing the studied 

variables, the authors did not identify whether in this group there were mothers with a 

history of gestational diabetes or other risk factors well established in the literature 

[43]. 

We observed in our group of children of diabetic mothers, difference with 

macrosomia, which is plausible because they are children of diabetic mothers, and 

although we have included this variable leaning the analysis of adjusted logistic 

regression, we must consider for future studies the finding of Wong et al. [77] that 

observe a significant association with the occurrence of Demarcated Opacities 

(p<0.05) only for the children with heavier birth weights. 

In the experimental [78] study that analyzed the enamel organ of the 

mandibular incisors of offspring of rats with alloxan-induced diabetes by optical 
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microscopy, no alterations were found in the enamel organ of rats born to diabetic 

mothers in comparison with normal ones. In contrast, significant differences were 

detected with computer-assisted morphometry. In rats born of treated and untreated 

diabetic mothers, the enamel matrix and the ameloblasts were thinned. In rats born 

to treated diabetic mothers, the ameloblasts nuclei were more elliptical and there was 

an increase in the interstitial area of the star reticulum. These results indicate that 

there are structural defects in the skeletal organ of rats born to mothers with alloxan-

induced diabetes that can induce enamel Hypoplasia observed by scanning electron 

microscopy. They suggest that maternal metabolic changes are the cause of 

Hypoplasia. These findings reinforce the results obtained in our study regarding 

Hypoplasia, but it must be considered that other defects should be evaluated in 

experimental studies in the induced gestational diabetes model [79]. 

An experimental study that characterized the enamel Hypoplasia in rats born 

in rats with alloxan-induced diabetes mellitus led the research with groups in 

pregnant rats supplemented or not with insulin and controls, in which sterile saline 

was given instead of alloxan or insulin. The mandibular incisors of one month old rats 

born to these mothers were analyzed by scanning electron microscopy. The 

defective whitish enamel was found macroscopically in both experimental groups and 

the results of Hypoplasia showed that the control group presented 95.8% of normal 

teeth and 4.2% with mild Hypoplasia. The group of pregnant diabetic rats treated with 

insulin had 6.2% of normal teeth, 35.4% had mild Hypoplasia, 43.8% presented 

moderate Hypoplasia and 14.6% had severe Hypoplasia and 93.8% presented some 

type of diabetic group not treated with insulin, 0% of normal teeth were present, 

66.6% with mild Hypoplasia, 16.7% with moderate Hypoplasia and 16.7% with 

severe Hypoplasia, that is, 100% presented some type of Hypoplasia. Insulin 
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treatment was not sufficient to prevent or reduce the occurrence of Hypoplasia [19].  

A systematic survey was conducted in the Medline between January 1990 and 

April 2010 which appreciated the impact of fetal exposure to gestational diabetes on 

the long-term outcome of offspring found that fetal exposure to maternal gestational 

diabetes is a moderate risk factor for the syndrome and that it remains uncertain 

whether control of maternal glycemic alone can be effective and sufficient to prevent 

deleterious effects in adult offspring [76]. 

Animal studies indicate that treatment can prevent long-term metabolic 

complications in offspring, but this remains to be confirmed in humans. Thus, 

diabetes begets diabetes and it is likely that GDM plays a significant role in the global 

diabetes epidemic [80]. 

Adverse outcomes in the offspring of maternal diabetes in pregnancy are 

substantially documented. The adverse outcome in pregnancy progenies 

complicated by maternal diabetes due to intra-uterine exposure to hyperglycemia 

increases the risk and programs the offspring to develop diabetes and other negative 

outcomes in adulthood. This "fetal programming," due to the intrauterine diabetic 

environment, is termed "metabolic memory." Management of gestational diabetes 

mellitus is essential for good maternal and offspring health. Increasing physical 

activity, preventing gestational weight gain and having some qualitative nutritional 

habits can be beneficial during pregnancy and the future life of the offspring [11].      

In the critical and delicate period of fetal development, the process by which a 

stimulus induces long-term impacts on the fetus, previously described and 

established as "fetal programming" by Hales and Barker [81] is termed as a new 

concept of "memory metabolic". In the same streak, all metabolic abnormalities 

observed among gestational diabetic women create an in-utero environment around 
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the fetus that program for diseases during their adulthood [78, 81]. This programming 

in utero seems to create a kind of "metabolic memory”, since the physiological 

anomalies of the gestational period are responsible for the onset of diseases in 

offspring in adulthood [11, 78, 81]. 

Defects of enamel development are directly related to hypocalcification and to 

gene alterations already demonstrated in different animal studies [82-85] should be 

investigated in the GDM group to deepen knowledge and broaden the responses to 

this association. The chronological analysis indicates that the groups of teeth that 

presented a higher proportion of DDE in the GDM offspring began their enamel 

formation from the 17th week of intrauterine life and subsequent weeks. A study 

comparing the cortical area of the humerus as measured by neonatal radiographs in 

children showed that children with enamel Hypoplasia had a mean cortical area of 

10.1±1.9 mm2 compared to 13.9±1.4 mm2 in children without enamel Hypoplasia 

(p<0.001) [52]. These clinical findings of the positive relationship between 

demineralization due to probable hypocalcemia and enamel Hypoplasia support the 

hypothesis of common hypocalcemia in pregnancy complicated by diabetes [86] is 

one of the causes of the prevalence of enamel development defects in the teeth of its 

offspring [52, 87, 88].  

This study it is in paramount importance for the reason that, as dental enamel 

does not regenerate, it is a biological marker and these defects are a reflection of 

events in the uterus, and it is in addition to identifying risk factors for health problems, 

it can also revolutionize the face of the forensic identification. It is suggested that 

dental practitioners take note of these defects in routine practice and record maternal 

data so that information is available to combine dental records during possible 

forensic investigations [89].  
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The strength of this study is that the knowledge of the distribution of enamel 

defects and the factors associated with their development allows a better 

understanding of the problem and its diagnosis, besides establishing measures of 

prevention and treatment of these defects. In addition, enamel defects are associated 

with the development of dental caries, increased dental sensitivity, increased risk for 

dental fracture, aesthetic alteration, early tooth loss, malocclusion and negative 

impact on quality of life and oral health, diagnosing and knowing the prevalence and 

distribution of these defects contributes to the control and reduction of damages. 

Understanding the molecular pathways of odontogenesis is still a challenge, 

since histophysiological considerations such as changes in the histodifferentiation 

and apposition phase are clear distinctions of genetic deformations related to the 

gestational period that may lead to dental structure anomalies in the deciduous 

dentition expressed by dentinogenesis and amelogenesis imperfect. Morphological 

and functional modifications in which the cells become restricted in their functions 

and differentiate themselves from the odontoblasts may lead to hypoplastic 

deformation: defect in the formation of the enamel organic matrix, without altering the 

mineralization and the hypomineralized deformation, where there is a major alteration 

in the mineral content, mainly calcium that is mineral which undergoes changes in 

the pregnancy complicated by diabetes [72]. 

The prevalence of GDM is rising worldwide, along with overweight and 

obesity. In utero exposure to hyperglycemia increases perinatal complications 

including preterm birth, macrosomia, neonatal respiratory distress, hypoglycemia, 

polycythemia and now DDE. The relative contributory roles of the intrauterine 

environment, shared genes, and postnatal environment on long-term outcomes are 

not yet fully understood. Opportunities for ameliorating both the perinatal effects and 
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long-term and intergenerational effects of GDM exist at the level of prevention of 

GDM, screening for and treatment of GDM, and postnatal interventions in offspring. 

American Diabetes Association (ADA) defined it as “Diabetes diagnosed in the 

second or third trimester of pregnancy that is not clearly overt diabetes”[1], however, 

for International Association of Diabetes and Pregnancy Study Groups (IADPSG) 

criteria women can be diagnosed to have GDM even in the first trimester [2]. The 

findings of our study and the clarity about the chronology of early enamel formation at 

the onset of intrauterine life reinforce the need to diagnose GDM in order to minimize 

the deleterious effects caused by the altered maternal environment. 

 Inevitably, the present study had limitations, some maternal and offspring 

variables, such as maternal blood data during gestation and, in the offspring the 

follow-up of the dental eruption, would have given a more accurate risk of GDM in the 

occurrence of DDE. This study is the first to perform clearly prospective and 

quantitative assessments of GDM and longitudinal measurements of the enamel of 

offspring teeth. Careful control of potential confounders has been proposed to 

minimize bias of reverse causality or unmeasured confusion.  

To avoid bias in the results, model adjustments were made by gender 

because it precedes the occurrence of GDM and also by Ethnicity and BMI because 

they had a higher proportion in the study group. We attempted to correct as much of 

the confounding variables as possible in this study design, so the design of this study 

is a robust alternative to assess the adverse effects of mother and infant. The 

identification of non-modifiable risk factors that may influence postnatal programming 

of GDM mechanisms in the offspring is necessary to formulate DDE prevention 

strategies in this high-risk group. This study significantly advanced current knowledge 

about the effects of GDM on DDE in its offspring and suggests that susceptibility to 
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DDE may be results of the fetal programming induced by maternal diabetes.   

This study also lays the foundation for future studies to gauge the impact of 

GDM on the long-term risk of DDE. We consider that this study has important clinical 

relevance, since it evidences connection between GDM with DDE, and thus to 

arouse the interest so that mother and child preventive and therapeutic proposals are 

investigated, in order to avoid or minimize its consequences.  

 

Conclusion 

 In conclusion, in the present study, GDM was independently associated with 

the adverse effects of DDE on offspring, and the type DDE that associated with GDM 

was Demarcated Opacity. The prevalence of DDE was significantly higher in the 

offspring of GDM mothers and the type DDE that presented the highest proportion 

was Hypoplasia. It can also be concluded that there was a higher proportion of teeth 

with DDE in the offspring group of GDM mothers, in the deciduous dentition there 

was a significantly higher proportion for the types Demarcated Opacity and 

Hypoplasia in the GDM and in the permanent dentition had a significantly higher 

proportion for the type Opacity Diffuse in the group of offspring of mothers with 

Gestational Diabetes. 
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Os estudos de acompanhamento em longo prazo são desafiadores, 

particularmente em relação ao custo e ao planejamento em longo prazo. Além disso, 

ao mesmo tempo em que se esforça para aperfeiçoar continuamente o controle 

glicêmico antes e durante a gravidez é, sem dúvida, importante melhorar os 

resultados a curto e longo prazo para as crianças de mães com diferentes níveis 

glicêmicos. Os resultados desta dissertação abriram novas linhas de investigação e 

nos impulsionaram a ampliar e aprofundar o conhecimento e desta forma, serão 

conduzidos de forma translacional, um estudo clínico e um estudo pré-clínico.  

 

Estudo Clínico 

 

Estudo de coorte prospectiva aprovado como proposta de doutorado, com 

início em março de 2018, que terá suporte financeiro do projeto Temático Fapesp 

DIAMATER.  O objetivo é analisar a repercussão da hiperglicemia gestacional 

materna no defeito do desenvolvimento de esmalte na dentição decídua da criança. 

Serão analisadas as variáveis: cálcio, calcitonina, paratormônio, vitamina D, vitamina 

A, cortisol e fósforo no sangue materno, coletados entre 24ª-28ª e 36ª-40ª semana 

gestacional, e do sangue do cordão umbilical.  

As crianças nascidas destas mães serão acompanhadas em seis momentos: 

6, 12, 18, 24, 30 e 36 meses de idade após o nascimento, momentos em que serão 

submetidas a avaliações orais para identificação de Defeitos do Desenvolvimento do 

Esmalte e outras alterações dentárias como cárie, fratura e outros defeitos. Os 

dados sobre aleitamento, nutrição e histórico de traumas dentais serão monitorados. 
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Pré-clínico 

 

Com os resultados obtidos nesta pesquisa clínica, verificamos a necessidade 

de avaliar de maneira sistemática todas as alterações no esmalte dentário de mães 

e filhos expostos ao DMG.  

Esta proposta foi elaborada em parceria com a pesquisadora e bolsista de 

pós-doutorado do projeto DIAMATER Dr.a Juliana Ferreira Floriano da Faculdade de 

Ciências de Bauru (Unesp), a fim de identificar e caracterizar os efeitos do DMG 

sobre o desenvolvimento dentário dos neonatos e os mecanismos subjacentes nas 

alterações dentárias tanto da mãe quanto do neonato, que ainda não estão claros, 

propõe-se o estudo das alterações dentárias em um modelo experimental de DMG, 

já bem descrito na literatura. 

Serão utilizados neste estudo animais da linhagem Sprague Dawley ® 

(specific pathogen-free – SPF). Esta linhagem foi descrita em estudos recentes 

como a mais adequada e sensível ao desenvolvimento do DMG, além de não 

apresentar agentes patogênicos que possam comprometer e provocar alterações 

específicas no animal, impossibilitando as análises dos tecidos alvos de maneira 

adequada, reprodutível e confiável. Além disso, esta linhagem já está bem 

estabelecida e o modelo experimental está padronizado dentro do nosso grupo de 

pesquisa DIAMATER. 

Os estudos serão realizados por meio da remoção de toda a dentição da 

ninhada e da mãe, 30 dias pós-natal, sendo que este material será armazenado em 

tubos Eppendorf® estéreis, devidamente identificados, abrigados da luz e em 

temperatura ambiente. Para avaliar a superfície dentária e alterações morfológicas, 

como aumento da rugosidade no esmalte, serão realizadas análises de Microscopia 
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Eletrônica de Varredura (MEV) e Microspocia Confocal. A fim de avaliar as 

alterações químicas e na estrutura cristalina dos componentes do esmalte dentário 

que possam ocorrer, serão realizadas análises de Espectroscopia de Energia 

Dispersiva (EDS), acoplado ao equipamento de MEV e Difração de Raios-X. Estas 

análises serão realizadas em parceria a Faculdade de Ciências de Bauru (Unesp). A 

Microtomografia Computadorizada Micro-TC será utilizada para medir a área do 

esmalte, detecção de lesões e estimar a perda mineral, sendo que estas análises 

serão realizadas em parceria com a FOB-USP Bauru.  
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