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RESUMO 

Objetivo: Analisar a composição da microbiota intestinal em cada trimestre da 

gestação e no puerpério de mulheres com e sem diabetes mellitus gestacional 

(DMG) pareadas por peso, bem como de seus bebês. Material e Métodos: O 

primeiro estudo foi uma revisão sistemática comparando a microbiota intestinal de 

mulheres com e sem DMG ao longo dos 3 trimestres da gestação. Após a revisão, 

fizemos um estudo que acompanhou 115 gestantes  18 anos, com IMC  25/kg/m2, 

com (n = 56) ou sem DMG (n = 59) admitidas nos ambulatórios de pré-natal da 

UNIFESP-EPM durante o primeiro/segundo ou terceiro trimestre de gestação 

durante os anos de 2018 a 2020. Destas, 84 mulheres, com (n = 40) ou sem 

diagnóstico de DMG (n = 44), foram reavaliadas no puerpério juntamente com seus 

respectivos bebês. Elas foram avaliadas com questionário padronizado, 

recordatório alimentar, exame clínico e coleta de amostras biológicas. Os dados 

clínicos e laboratoriais foram comparados entre os grupos com e sem DMG usando 

o teste t de Student e Mann Whitney ou teste qui-quadrado conforme fosse 

apropriado, com o auxílio do programa Statistical Package for the Social Sciences®, 

versão 16.0 (SPSS Incorporation, 2000). O perfil molecular da microbiota fecal foi 

obtido por meio do sequenciamento da região V4 do gene 16S rRNA (Illumina® 

MiSeq) e do pacote R utilizado para as análises. Foi calculada a alfa diversidade 

das amostras com e sem DMG nos diferentes momentos para as mães (gestação 

e puerpério) e os bebês. Para avaliar a beta diversidade, de acordo com diagnóstico 

de DMG, tipo de parto e aleitamento, foi usada a técnica de Principal Coordinate 

Analysis (PCoA), utilizando a distância de Jensen-Shannon e o teste de 

Permanova. Foi avaliada, também, a abundância relativa de bactérias, utilizando 

critérios rigorosos de p < 0,01 e descartando as bactérias que apresentavam 

abundância relativa de 0% em uma grande parte das participantes. As correlações 

entre as bactérias e parâmetros clínicos e laboratoriais foram testadas e 

consideradas estatisticamente significativa, se p < 0,01. Resultados: A revisão 

sistemática (Artigo 1) incluiu 23 estudos, envolvendo 3560 mulheres, que 

compararam a microbiota intestinal na gestação nos diferentes trimestres e foi visto 

que existe uma relação entre a microbiota intestinal e o DMG. Análises do estudo 

atual (Artigo 2) mostraram que mulheres com DMG (n=56) eram mais velhas [33.2 
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(6.2) vs. 28.1 (5.9) anos, p<0.01] e tinham um maior número de gestações do que 

as tolerantes normais (n=59). Apesar de apresentarem índice de massa corporal 

(IMC) semelhante [30.2 (3.9) vs. 29.2 (3.7), kg/m2, p = 0.39)], as mulheres com 

DMG apresentaram maior circunferência do pescoço no terceiro trimestre [36.5(2.4) 

vs. 34.6 (2.1) cm, p < 0.01). Em comparação com a ingestão de macronutrientes, o 

grupo não diabético consumiu mais carboidratos e menos proteína no primeiro e 

segundo trimestres gestacionais do que os GDM e menos proteína no terceiro 

trimestre. Não houve diferença na diversidade alfa e os grupos não diferiram em 

relação à estrutura geral da microbiota. Uma maior abundância de Bacteroides no 

grupo GDM foi encontrada. Foi observada uma correlação positiva entre as 

abundâncias de Christensenellaceae e Intestinobacter com a glicose plasmática 

pós-sobrecarga de 1 hora e uma correlação negativa entre Enterococcus e o nível 

de glicose plasmática de 2 horas. As abundâncias de Bifidobacterium e 

Peptococcus aumentaram no terceiro trimestre gestacional em ambos os grupos. 

No puerpério (Artigo 3), as mulheres com DMG anterior (n = 40) eram mais velhas 

[33.3 (5.9) vs. 28.6 (6.1) anos, p = 0,01], tiveram mais gestações [2.9 (1.7) vs. 1.9 

(1.3), p = 0.04], níveis mais elevados de glicose plasmática pós sobrecarga de 2 

horas [116.3 (38.5) vs. 98.5 (19.0) mg/dl, p = 0.02], HbA1c [5.6 (0.4) vs. 5.3 (0.3)%, 

p = 0.02] e colesterol LDL [126.6 (45.3) vs. 110.7 (27.0 ) mg/dl, p = 0.01] do que as 

mulheres com tolerância normal à glicose (n = 44) durante a gravidez. Em relação 

à dieta materna, apenas a ingestão total de fibras foi maior nas mulheres com DMG 

no período puerperal [11.9(9.1-14.5) vs 6.8 (3.9-13.9) g, p = 0.04]. As mulheres 

DMG amamentavam exclusivamente mais seus bebês com significância limítrofe 

[26 (60.5) vs. 19 (40.4) %, p = 0.06]. Além disso, esses bebês tiveram uma 

frequência maior de complicações neonatais, incluindo icterícia. As estruturas da 

microbiota intestinal das puérperas e seus bebês eram semelhantes. Estratificando 

de acordo com o tipo de parto, a abundância relativa do gênero Victivallis foi maior 

nas mulheres que tiveram parto normal. A exposição dos bebês ao aleitamento 

materno exclusivo foi associada a uma maior abundância de Bacteroides e 

Staphylococcus. O teste de abundância diferencial mostrou correlações com 

parâmetros clínicos e laboratoriais diversos. Conclusão: O estudo atual não 

observou diferença estrutural da microbiota intestinal ao longo da gestação ou no 

período pós-parto de mulheres e seus bebês com peso equivalente pré- e peri-
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gestacional (sobrepeso ou obesidade) de acordo com a presença ou não de DMG. 

No entanto, algumas abundâncias de gêneros mostraram associações com período 

da gestação e o metabolismo da glicose, o que pode motivar o aprofundamento do 

conhecimento sobre as alterações fisiológicas e fisiopatológicas da microbiota ao 

longo da gestação, contribuindo para implicações adicionais na prevenção e 

manejo do diabetes gestacional no futuro. No puerpério notamos maior abundância 

de Victivallis nas mães que tiveram parto normal, além da associação deste gênero 

com parâmetros metabólicos, que podem sugerir benefícios para o metabolismo 

energético destas mulheres. Em bebês amamentados caracterizamos a maior 

abundância de gêneros de bactérias que podem representar uma evolução 

ecológica da microbiota intestinal mais precoce, o que pode significar mais um 

benefício do aleitamento para bebês provenientes de gestação de risco, como a 

gestação em mulheres com obesidade e DMG. Porém estudos prospectivos são 

necessários para comprovar se, de fato, Bacteroides e Staphylococcus estarão 

associados a uma composição favorável da microbiota intestinal mais tarde na vida. 

Nossos resultados contribuem para a compreensão dos eventos precoces da vida 

na microbiota intestinal e seu possível papel no metabolismo futuro. O seguimento 

destas participantes poderá ajudar a esclarecer as hipóteses levantadas no 

presente estudo. 
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ABSTRACT 

Objective: To analyze the composition of the intestinal microbiota in each trimester 

of pregnancy and in the puerperium of women with and without gestational diabetes 

mellitus (GDM) matched for weight, as well as their babies. Material and Methods: 

Our first study was a systematic review comparing the gut microbiota of women with 

and without GDM over the 3 trimesters of pregnancy. After the review, we performed 

a study that followed 115 pregnant women  18 years old, with BMI  25/kg/m2, with 

(n = 56) or without GDM (n = 59) admitted to the prenatal clinics of UNIFESP-EPM 

during the first /second or third trimester of pregnancy from 2018 to 2020. Of these, 

84 women, with (n = 40) or without (n = 44) diagnosis of GDM, were re-evaluated in 

the puerperium along with their respective babies. They were evaluated with a 

standardized questionnaire, dietary recall, clinical examination and collection of 

biological samples. Clinical and laboratory data were compared between groups 

with and without GDM using Student's t test and Mann Whitney test or chi-square 

test as appropriate, with the aid of the Statistical Package for Social Sciences®, 

version 16.0 (SPSS Incorporation, 2000). The molecular profile of the fecal 

microbiota was obtained by sequencing the V4 region of the 16S rRNA gene 

(Illumina® MiSeq) and the R package used for the analysis. The alpha diversity of 

samples with and without GDM was calculated at different times for mothers 

(pregnancy and puerperium) and babies. To assess beta diversity, according to 

GDM diagnosis, type of delivery and breastfeeding, the Principal Coordinate 

Analysis (PCoA) technique was used, using the Jensen-Shannon distance and the 

Permanova test. The relative abundance of bacteria was also evaluated, using strict 

criteria of p < 0.01, and discarding bacteria that had a relative abundance of 0% in 

a large part of the participants. Correlations between bacteria and clinical and 

laboratory parameters were tested and considered statistically significant if p < 0.01. 

Results: The systematic review (Article 1) included 14 studies, involving 1588 

women, which compared the intestinal microbiota during pregnancy in different 

trimesters and it was seen that there is a relationship between the intestinal 

microbiota and GDM. Analyzes of the current study (Article 2) showed that women 

with GDM (n=56) were older [33.2 (6.2) vs. 28.1 (5.9) years, p < 0.01] and had a 

higher number of pregnancies than the normal tolerant ones (n = 59). Despite 
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having similar body mass index (BMI) [30.2 (3.9) vs. 29.2 (3.7) kg/m2, p = 0.39)], 

women with GDM had greater neck circumference in the third trimester [36.5(2.4) 

vs. 34.6 (2.1) cm, p < 0.01). Compared to macronutrient intake, the non-diabetic 

group consumed more carbohydrates and less protein in the first and second 

trimesters of pregnancy than the GDM and less protein in the third trimester. There 

was no difference in alpha diversity and the groups did not differ regarding the 

general structure of the microbiota. A greater abundance of Bacteroides in the GDM 

group was found. A positive correlation was observed between the abundances of 

Christensenellaceae and Intestinobacter with the 1-hour post-challenge plasma 

glucose and a negative correlation between Enterococcus and the 2-hour plasma 

glucose level. Bifidobacterium and Peptococcus abundances increased in the third 

trimester of pregnancy in both groups. In the puerperium (Article 3), women with 

previous GDM (n = 40) were older [33.3 (5.9) vs. 28.6 (6.1) years, p = 0.01], had 

more pregnancies [2.9 (1.7) vs. 1.9 (1.3), p = 0.04], higher plasma glucose levels 

after 2-hour overload [116.3 (38.5) vs. 98.5 (19.0) mg/dl, p = 0.02], HbA1c [5.6 (0.4) 

vs. 5.3 (0.3), p = 0.02] and LDL cholesterol [126.6 (45.3) vs. 110.7 (27.0), p = 0.01] 

than women with normal glucose tolerance(n=44) during pregnancy. Regarding the 

maternal diet, only total fiber intake was higher in women with GDM in the puerperal 

period [11.9(9.1-14.5) vs 6.8 (3.9-13.9) g, p = 0.04]. GDM women exclusively 

breastfed their babies more with borderline significance [26 (60.5) vs. 19 (40.4) %, 

p = 0.06]. In addition, these babies had a higher frequency of neonatal 

complications, including jaundice. The structures of the intestinal microbiota of 

postpartum women and their babies were similar. Stratified according to type of 

delivery, the relative abundance of the genus Victivallis was greater in women who 

had vaginal delivery. The exposure of infants to exclusive breastfeeding was 

associated with a greater abundance of Bacteroides and Staphylococcus. The 

differential abundance test showed correlations with different clinical and laboratory 

parameters. Conclusion: The current study did not observe structural differences 

in the intestinal microbiota during pregnancy or in the postpartum period of women 

and their babies with equivalent pre- and peri-gestational weight (overweight or 

obesity) according to the presence or absence of GDM. However, some genera 

abundances showed associations with the gestation period and glucose 

metabolism, which may motivate the deepening of knowledge about the 
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physiological and pathophysiological changes in the microbiota throughout 

pregnancy, contributing to additional implications for the prevention and 

management of diabetes pregnancy in the future. In the puerperium, we noticed a 

greater abundance of Victivallis in mothers who had vaginal delivery, in addition to 

the association of this gender with metabolic parameters, which may suggest 

benefits for the energy metabolism of these women. In breastfed babies, we 

characterize the greater abundance of bacterial genera that may represent an 

earlier ecological evolution of the intestinal microbiota, which may mean another 

benefit of breastfeeding for babies from high-risk pregnancies, such as pregnancy 

in women with obesity and GDM. However, prospective studies are needed to prove 

whether, in fact, Bacteroides and Staphylococcus will be associated with a favorable 

composition of the intestinal microbiome later in life. Our results contribute to the 

understanding of early life events in the intestinal microbiota and their possible role 

in future metabolism. The follow-up of these participants may help to clarify the 

hypotheses raised in this study. 
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As doenças crônicas não transmissíveis (DCNTs) são um dos principais 

problemas de saúde em todo o mundo. Elas são responsáveis por 38 milhões de 

mortes ao ano, o que representa cerca de 68% das mortes em todo o mundo 1,2. 

Cerca de 80% das mortes ocorrem em países de baixa ou média renda e 29% 

ocorrem em indivíduos menores de 60 anos, acentuando as desigualdades na 

saúde 1–3. A mortalidade proporcional pelas DCNTs, entre elas o diabetes mellitus 

(DM) e as doenças cardiovasculares (DCV), representam 72% das mortes no 

Brasil 4.  

O crescimento das DCNTs nas últimas décadas resultou de uma rápida 

transição demográfica, com um grande aumento na proporção de idosos, 

acompanhada da transição nutricional com alta prevalência de excesso de peso na 

população associada a exposição de vários fatores de risco, como dietas não 

saudáveis e inatividade física 1,2,4.  

Em 2013, a Assembleia Mundial da Saúde aprovou o Plano de 

Prevenção e Controle de Doenças Não Transmissíveis 2013-2020. Dentre as metas 

definidas, constam a redução da mortalidade por DCNT em 25%, a redução dos 

fatores de risco (tabaco, álcool, sal, inatividade física), o acesso a medicamentos, 

ao aconselhamento e a tecnologias para tratamento de DCNTs. O acesso à 

assistência aos portadores de DCNT, incluindo consultas médicas, cuidados na 

atenção primária, acesso a medicamentos, testes de laboratório, prática clínica e 

aconselhamento, resulta em benefícios na assistência aos portadores de DCNT e 

melhoria da qualidade de vida 5. A Organização Mundial da Saúde destaca que o 

enfrentamento das DCNT passa pela governança e ações e políticas públicas 

voltadas para a prevenção e redução dos fatores de risco, acesso aos cuidados de 

saúde. O Brasil aderiu ao Plano de Enfrentamento às Doenças Crônicas adotando 

as mesmas metas e objetivos. Nesse sentido, não só a abordagem dos fatores de 

risco conhecidos é relevante, mas também a identificação de novos fatores de risco 

passíveis de prevenção pode contribuir com conhecimento para planos e ações de 

promoção e prevenção das DCNTs, entre elas o Diabetes Mellitus (DM).  

O DM é uma DCNT epidêmica; dados publicados da International 

Diabetes Federation mostram que há 16,8 milhões de brasileiros com diagnóstico 
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de DM, sendo que há ainda 46% dos indivíduos não diagnosticados. A previsão do 

aumento dos casos em 2045 na América Latina é de 55% 6. 

Dados recentes obtidos pelo sistema de Vigilância de Fatores de Risco 

por Inquérito Telefônico (Vigitel), através de entrevistas telefônicas realizadas em 

52.443 indivíduos maiores de 18 anos, mostram que houve um aumento da 

prevalência do DM de 5,5% para 7,4% de 2006 a 2019, sendo maior entre as 

mulheres (7,8%) do que entre os homens (7,1%) 7. A prevalência de DM 

gestacional também é preocupante; no Brasil, usando-se o critério do IADPSG 

(International Association of Diabetes Pregnancy Study Group), a prevalência de 

DMG é de 18% 8. 

Durante a gravidez, as mulheres com diabetes mellitus gestacional 

(DMG) apresentam anormalidades metabólicas semelhantes aos dos indivíduos 

com DM tipo 2 (DM2), como resistência à insulina e redução da secreção de 

insulina 9. Após o parto, a maioria dessas mulheres retornam a um estado 

euglicêmico, mas têm um aumento de risco para DM2 no futuro. As taxas de 

desenvolvimento de DM2 entre mulheres com antecedentes de DMG citado varia 

entre 15% e 45%10, o que torna o DMG mais um fator de risco para DM2. 

Ao lado do DMG, eventos precoces da vida, como baixo peso ao nascer, 

parto cesárea e aleitamento artificial têm sido associados com excesso de peso e 

DM2 no adulto. Evidências indicam papel da microbiota intestinal em desencadear 

inflamação subclínica e resistência à insulina, envolvidas na fisiopatogênese do 

DM2. Estudo sobre as mudanças no microbioma na gravidez e impacto na 

microbiota dos bebês pode contribuir para o entendimento do elo entre o 

metabolismo da mãe e do bebê que trazem repercussões na saúde futura. 

 

1.1 Pergunta 

A microbiota intestinal das mulheres que tiveram diabetes gestacional é 

diferente da microbiota intestinal das mulheres com gestação normal, durante a 

gestação e o puerpério? E a microbiota de seus descendentes com 2 a 6 meses de 
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idade, é semelhante a microbiota materna ou sofre influência de eventos precoces 

da vida como tipo de parto ou amamentação? 

 

1.2 Objetivos 

Objetivo Geral 

 Comparar a composição da microbiota intestinal, durante a gestação 

e no puerpério, de mulheres com status nutricional semelhante 

(sobrepeso ou obesas) que tiveram ou não diabetes gestacional, bem 

como de seus bebês entre 2 e 6 meses de vida nascidos acima de 36 

semanas de gestação. 

 

Objetivos Específicos 

1) Comparar a composição da microbiota intestinal, durante a gestação, 

de mulheres com status nutricional semelhante (sobrepeso ou 

obesas) que tiveram ou não diabetes gestacional (Artigo 1, Revisão; 

Artigo 2); 

2) Avaliar a microbiota intestinal das mulheres, com e sem diabetes 

gestacional, no puerpério e de seus descendentes com 2 a 6 meses 

de idade nascidos acima de 36 semanas de gestação (Artigo 3); 

3) Avaliar a influência do tipo de parto e da amamentação na microbiota 

intestinal de bebês de acordo com o antecedente da mãe ter cursado 

ou não com DMG (Artigo 3); 

4) Avaliar a correlação entre gêneros de bactérias com parâmetros 

antropométricos, de pressão arterial e metabólicos de gestantes com 

e sem diabetes gestacional (Artigo 2 – durante a gestação; Artigo 3 

– no puerpério). 



 

 

 

 

 

 

 

 

 

 

 

2  REVISÃO DE LITERATURA 
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2.1 Cenário atual da DMG e repercussões nos descendentes 

Ao longo de uma gravidez normal e saudável, o corpo sofre muitas 

alterações hormonais, imunológicas e metabólicas. A gordura corporal aumenta no 

início da gravidez, seguida mais tardiamente de menor sensibilidade à insulina 11. 

Na gravidez, a redução da sensibilidade à insulina tem sido correlacionada com 

mudanças no estado imunológico associadas à obesidade, incluindo níveis 

elevados de citocinas circulantes (por exemplo, TNF-α e IL-6) 12,13. Em contraste 

com o estado de obesidade fora da gravidez, que é prejudicial para a saúde a longo 

prazo, o aumento de adiposidade e a perda de sensibilidade à insulina são 

respostas fisiológicas no contexto de uma gravidez normal, responsáveis por 

sustentar o crescimento do feto e preparar o corpo para as demandas energéticas 

da lactação 14,15. Há uma série de hormônios diabetogênicos derivados da placenta 

secretados durante o terceiro trimestre da gravidez resultando em um estado 

relativo de resistência à insulina materna que continua até o parto.  

Em gestações normais, a homeostase da glicose é mantida, apesar da 

resistência à insulina, por um aumento compensatório concomitante na secreção 

de insulina. Se o declínio consequente na ação da insulina não for ser compensado 

por um aumento na produção de insulina materna, podem ocorrer a hiperglicemia 

materna e DMG 14. O aumento da secreção de insulina está associado a hipertrofia 

e hiperplasia das células β. A incapacidade de compensar a resistência à insulina 

pode refletir alterações intrínsecas da célula β, como no caso das mutações da 

glucoquinase (5% de todos os casos de DMG) 16, ou mecanismos extrínsecos, 

como no caso de um processo auto-imune (< 10%). Assim, diabetes mellitus 

gestacional (DMG) é definido como uma intolerância a carboidratos de gravidade 

variável, que se iniciou durante a gestação atual e não preenche os critérios 

diagnósticos de DM 17.  

Nos últimos anos, estudos clínicos e epidemiológicos descrevem uma 

clara conexão entre o desenvolvimento de respostas inflamatórias e doenças 

metabólicas como obesidade, DM tipo 2 e DMG, caracterizados por aumento da 

secreção de adipocinas e marcadores inflamatórios18. As adipocinas, um grupo 
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de proteínas que são expressas por vários tipos de células, atuam como 

mediadores e reguladores imunes. 

Dependendo do período da gravidez, um perfil inflamatório definido 

predominantemente pelo aumento da produção das citocinas Th1 como o 

interferon-gama (IFN-) e fator de necrose tumoral alfa (TNF-α) pode comprometer 

o desenvolvimento normal do concepto, enquanto um padrão anti-inflamatório 

caracterizado pelo aumento da produção de citocinas Th2 (como IL-4 e IL-10) 

parece favorecer a resultados positivos da gravidez 19,20. 

O DM, a obesidade e as doenças metabólicas, caracterizadas por 

inflamação crônica e intolerância à glicose, estão crescendo rapidamente em 

gestantes no mundo inteiro. E o DMG é o problema metabólico mais comum na 

gestação com prevalência entre 3 e 25%, dependendo do grupo étnico, da 

população e do critério diagnóstico utilizado 8,21,22. A incidência de DMG está 

aumentando em paralelo com o aumento do DM2 e da obesidade feminina.  

O aumento da prevalência da obesidade e do diabetes na gestação é 

um sério problema de saúde pública porque não só eleva o risco de doenças 

cardiometabólicas nas mães 23,24, como aumenta o risco dos descendentes de 

desenvolverem doenças crônicas.   

O DMG, se não for tratado, aumenta o risco de complicações como pré-

eclâmpsia e parto prematuro; também resulta em excesso de crescimento do feto, 

causando problemas durante o parto, incluindo lacerações na mãe, parto cesárea 

e problemas durante o período neonatal 25. Muitas dessas complicações podem ser 

evitadas pelo tratamento adequado durante a gravidez 26,27. Além das 

consequências a curto prazo, o DMG pode ter consequências duradouras para a 

saúde da mãe e da criança. 

Embora o risco metabólico materno de evoluir para DM2 após a DMG 

seja bem reconhecido, os riscos a longo prazo dos descendentes ainda não são 

tão claros. Estudos em animais demonstraram que os descendentes de mães 

com DMG estão em maior risco de diabetes, obesidade e doenças 

cardiovasculares na vida adulta 28,29. Além disso, esses estudos em animais 
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documentaram que a normalização dos níveis de glicose no sangue materno 

durante a gravidez pode minimizar resultados na vida adulta dos descendentes. 

Estudos em humanos avaliando descendentes adultos são limitados, mas 

existem vários estudos em crianças, envolvendo diferentes tipos de diabetes 

materno 30–32. Os resultados desses estudos estão em linha com os estudos em 

animais, que mostram risco aumentado de diabetes e obesidade em crianças 

expostas à hiperglicemia materna. 

Na década de 1980, pesquisadores reportaram taxas surpreendentes de 

obesidade nos filhos de mulheres diabéticas na população dos índios Pima do 

Arizona (sudoeste dos EUA). Dos 15 aos 19 anos, 58% dos descendentes de 

gestações diabéticas tinham 140% de excesso do peso corporal ideal, em 

comparação com 17% de gestações não diabéticas. Os filhos de gestantes 

diabéticas foram consideravelmente mais obesos, independentemente do seu peso 

no nascimento ou índice de massa corporal (IMC) materno 33,34. 

Mais recentemente, Hiller et al. avaliaram 9439 pares de mães/ 

descendentes em uma população norte americana, e mostraram uma tendência 

positiva para o aumento da obesidade infantil aos 5-7 anos de idade das crianças 

em toda a gama de valores crescentes de glicose materna, que permaneceram 

após ajuste para potenciais fatores de confusão, incluindo ganho de peso materno, 

idade materna, paridade, etnia e peso ao nascer 35. Eles concluíram que em uma 

população multiétnica dos Estados Unidos o aumento da hiperglicemia na gravidez 

está associado a um risco aumentado de obesidade infantil. Outros estudos 

também comprovaram risco de sobrepeso e obesidade entre descendentes de 

mães com DMG; uma coorte alemã de 7355 pares de mães/descendente observou 

que a prevalência de sobrepeso (obesidade) foi de 21% (8,2%) em crianças de 

mães com DMG e de 10,4% (2,4%) em crianças de mães saudáveis 36. As análises 

com ajuste para o IMC materno mostraram um odds ratio de 1,81 (IC 95%: 1,23-

2,65) e 2,80 (IC 95% 1,58-4,99) para o impacto do DMG sobre o excesso de peso 

e a obesidade na infância, respectivamente. Baptiste Roberts et al conduziram uma 

análise prospectiva de 28358 pares de mães/descendentes e viram que os 

descendentes de mães com DMG tinham maior peso, IMC e z-score de IMC aos 7 
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anos de idade em comparação aos de mães sem DMG naquela idade 37. Essas 

diferenças persistiram mesmo depois do ajuste para o peso ao nascer do bebê. 

Observações de estudos epidemiológicos têm fortemente associado o 

ambiente intrauterino não só à obesidade, mas também à intolerância à glicose 

em descendentes adolescentes e adultos. A evidência precoce nos índios Pima 

demonstrou que descendentes com idade entre 5 e 19 anos e entre 20 e 24 anos 

de mulheres com DMG apresentaram maior concentração média de glicose pós 

teste oral de tolerância à glicose e uma prevalência significativamente maior de 

diabetes 38. O risco de desenvolver diabetes é mais elevado na prole de mulheres 

com diabetes na concepção, seguidas por descendentes de mulheres que 

desenvolveram diabetes após a gravidez, e descendentes de mulheres não 

diabéticas (prevalência de diabetes descendente: 45%, 8,6%, 1,4% 

respectivamente). O estado do diabetes paterno não foi considerado um fator 

significativo 39,40.  

Silverman et al. avaliou os efeitos a longo prazo da hiperglicemia 

materna em crianças de uma população com menor risco de diabetes em 

comparação aos índios Pima 41. Foram avaliadas glicemia e insulina através do 

teste oral de tolerância à glicose nos filhos de mulheres com diabetes pré-

gestacional e DMG anualmente a partir de 1,5 ano de idade. A prevalência de 

tolerância à glicose diminuída aumentou de forma constante com a idade de 1,2% 

nos menores de 5 anos, 5,4% dos 5 aos 9 anos e 19,3% dos 10 aos 16 anos, dos 

filhos das mães com DMG prévio ou com DM2, todos os quais foram 

significativamente maiores comparados aos indivíduos controle. 

A exposição ao diabetes no útero resulta no diagnóstico de diabetes uma 

idade mais precoce na prole. Uma análise do “SEARCH for Diabetes in Youth” que 

é um estudo multicêntrico de uma população de jovens com até 20 anos de idade 

com diabetes a partir de 2001 até hoje, mostrou que as crianças filhas de mães 

diabéticas tipo 2, cujo diabetes foi identificado antes da gravidez, foram 

diagnosticadas com diabetes antes daquelas que a mãe teve o diagnóstico após a 

gravidez 42. O momento do início do diabetes paterno não foi associado ao da prole. 
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Além de diabetes e obesidade, descendentes expostos à hiperglicemia 

no útero também têm aumento de risco cardiovascular. Tam et al. fizeram um 

acompanhamento prospectivo local da prole exposta ao DMG que teve pressão 

arterial significativamente maior e um pior perfil lipídico, em comparação com 

descendentes de mães com tolerância normal à glicose durante a gravidez 43. Esta 

associação entre hiperglicemia materna e elevação da pressão arterial sanguínea 

na prole foi também observada em vários estudos e foi confirmada em uma meta-

análise de 13 estudos 44. 

Corroborando os estudos mencionados, uma outra meta-análise 

analisou o risco de intolerância à glicose nos descendentes de mães com DMG e 

concluiu que a exposição à hiperglicemia materna durante a gravidez pode estar 

associada à obesidade e à tolerância anormal à glicose nos descendentes, e que 

essa associação dependeria da duração e intensidade da exposição intrauterina à 

hiperglicemia 45.  

Diante dos estudos expostos pode ser aventado que os efeitos do 

diabetes materno durante a infância e ao longo da vida acarretariam um círculo 

vicioso 40. Crianças cujas mães tiveram diabetes durante a gravidez estão em maior 

risco de se tornarem obesas e desenvolver diabetes em idades jovens. Muitas 

dessas descendentes femininas já têm diabetes ou tolerância anormal à glicose na 

ocasião em que atingem a idade de concepção, perpetuando assim o ciclo. 

Considerando a prevalência atual de DMG e as evidências de 

repercussão na saúde da prole dessas mulheres, o entendimento de mecanismos 

fisiopatológicos para a resistência à insulina pode esclarecer focos passíveis de 

prevenção futura. No contexto da obesidade e do DM fora da gravidez, trabalhos 

recentes sugerem um papel para a microbiota intestinal na gênese de doenças 

metabólicas, incluindo inflamação subclínica, excesso de peso corporal e 

resistência à insulina 46,47. Estudos em gestantes vem tentando desvendar o papel 

da microbiota e da inflamação subclínica na gênese da DMG e sua repercussão 

nos descendentes. 
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2.2 Microbiota intestinal e alterações metabólicas 

O microbioma humano, que é a comunidade de microorganismos que 

vivem no corpo humano, consiste em mais de 100 trilhões de células 48,49 que 

superam em 10 vezes o número de células humanas e que, coletivamente, contêm 

27 vezes mais genes do que o genoma humano48,49.  

Como tal, está se tornando cada vez mais claro que o microbioma 

humano desempenha um papel na manutenção da saúde e também pode servir 

para atenuar ou exacerbar os riscos genéticos e ambientais 50. O potencial da 

pesquisa de microbiomas humanos reside na compreensão de seu funcionamento 

para estabelecer e manter um estado saudável, com a perspectiva futura de ser 

foco de prevenção de diversos agravos que afetam a saúde humana, dentre eles a 

obesidade e a resistência à insulina 51. 

Indivíduos apresentam composição de grupos de bactérias diferentes, 

sendo em parte definida geneticamente e em outra determinada por características 

individuais e ambientais como modo de nascimento (parto normal ou cesariana), 

idade e hábitos alimentares, o que resulta numa grande variabilidade intra e 

interindividual 52,53.  

Uma das formas de se avaliar as comunidades que habitam o TGI é pela 

classificação taxonômica que distribui as bactérias em filos, classes, ordem, família, 

gênero e espécie. Calcula-se que existam cerca de 1000 espécies pertencentes a 

mais de 50 diferentes filos. Bactérias anaeróbias são mais abundantes, a maioria 

representada pelos filos Bacteroidetes (~ 60%) e Firmicutes (~ 15%), seguidos por 

Actinobacteria, Proteobacteria, Synergistetes, Verrucomicrobia, Fusobacteria e 

Euryarchaeota.  

A microbiota intestinal influencia o hospedeiro habitualmente de forma 

benéfica, com o intuito de manter sua estabilidade; colabora para a aquisição 

adequada de nutrientes, fazendo com que as células ganhem maior capacidade 

metabólica e garantindo ambiente menos propício ao crescimento de bactérias 

patogênicas 54,55. Em sua ação, a microbiota facilita a absorção de vitaminas, como 
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ácido fólico, promove imunoestimulação, participa da digestão de ácidos graxos e 

reduz a absorção de colesterol 56,57.  

A microbiota intestinal participa da digestão de fibras dietéticas, em 

grande parte devido à síntese de enzimas. Estas enzimas permitem a 

metabolização de polissacarídeos não-digeríveis a monossacarídeos e a ácidos 

graxos de cadeia curta (AGCC), principalmente acetato, propionato e butirato 58,59. 

Estes AGCC representam importante fonte de energia, além de se difundirem nas 

células de forma passiva ou via transportadores podendo atuar como sinalizadores 

celulares 60. Os AGCC podem atuar em receptores das células L enteroendócrinas, 

favorecendo a liberação de hormônios relacionados à saciedade, como o PYY e 

GLP-1 57. Isso, por sua vez, aumenta a secreção de insulina estimulada pela 

glicose 61 e pode diminuir a inflamação sistêmica 62,63. 

Porém, a microbiota pode ter efeitos nocivos. Estudos recentes têm 

explorado como a microbiota intestinal exerceria papel na gênese da inflamação, 

resistência à insulina e obesidade, fatores relacionados com fisiopatogênese de 

diversas doenças crônicas 64,65.  

Existem evidências da associação entre dietas ricas em gordura, 

obesidade e resistência à insulina tendo a microbiota intestinal como mediadora 

dessa relação 66,67. Em situações em que há alta ingestão de gorduras, encontra-

se aumento das concentrações circulantes de lipopolissácarides (LPS). 

Principalmente as bactérias gram-negativas apresentam em sua superfície celular 

os LPS que ao transpor a barreira epitelial intestinal funcionam como antígenos, 

estimulando a resposta imune do hospedeiro 68. O mecanismo pelo qual bactérias 

intestinais estimulam o sistema imune e provocam distúrbios metabólicos parece 

envolver os receptores toll-like (TLR), visto que estas anormalidades não estão 

presentes em animais knockout para este receptor 46. A passagem de LPS para a 

circulação e sua capacidade de ativação de citocinas inflamatórias, caracteriza a 

condição denominada endotoxemia metabólica, a qual tem sido associada a 

inflamação subclínica e resistência à insulina 46. Em indivíduos diabéticos 

encontrou-se associação da concentração de LPS à hiperinsulinemia, sugerindo 

seu papel na deterioração da sensibilidade à insulina 69. 
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Além disso as bactérias intestinais são responsáveis por competição por 

sítio de adesão, produção de bacteriocinas e fortalecimento da barreira intestinal 

(espessura do muco e tight junctions), evitando a instalação de uma flora intestinal 

patogênica e garantindo uma menor permeabilidade da mucosa intestinal a 

antígenos potencialmente agressores e ao LPS 54.  

O esclarecimento de mecanismos de ação da microbiota intestinal na 

saúde humana tem dado plausibilidade biológica às associações encontradas entre 

microbiota e alterações metabólicas e abre campo para o estudo do papel da 

microbiota intestinal na diabete gestacional e nas implicações intergeracionais das 

doenças metabólicas. 

 

2.3 Microbiota intestinal, diabetes e gestação  

Estudos que investigam a relação entre diabetes e micróbios intestinais 

mostraram uma diminuição da diversidade microbiana em pessoas com DM tipo 

1 em comparação com controles, bem como uma marcada diferença na proporção 

de abundância de Bacteroidetes e Firmicutes entre os dois grupos 70,71. Várias 

diferenças funcionais na microbiota intestinal foram observadas entre pessoas 

com DM tipo 2 e indivíduos controle, de deficiência em biossíntese de butirato e 

metabolismo da glicose para níveis mais altos de patógenos como E. coli, embora 

algumas das diferenças associadas com diabetes tipo 2 podem ser justificadas 

por medicamentos, como a metformina 72,73. Cuesta-Zuluaga et al estudaram 

pacientes com DM tipo 2 em uso de metformina comparados com controles e 

viram que a metformina muda a composição de microbiota intestinal através do 

enriquecimento da Akkermansia muciniphila que degrada a mucina, além 

Butyrivibrio, Bifidobacterium bifidum, Megasphaera que são produtores de ácidos 

graxos de cadeia curta 74. 

Os estudos da microbiota intestinal evidenciaram algumas 

particularidades da ação do microbioma durante a gestação. As associações de 

distúrbios metabólicos e a composição de microbioma intestinal ligado à gravidez 

podem ser bidirecionais e governadas por vários mecanismos.  



Revisão de L iteratura  
 

14 
 

Koren et al foram os primeiros a descrever as mudanças do microbiota 

durante a gravidez 75; eles acompanharam 91 gestantes, sendo 18 com diabetes 

gestacional, e acharam que comparando as fezes do primeiro trimestre, as do 

terceiro diferiram filogeneticamente e tinham menos riqueza de espécies 

microbianas (por exemplo, número de unidades operacionais taxonômicas – 

OTUs). As fezes do terceiro trimestre tinham maior abundância de espécies pró 

inflamatórias como Proteobacteria e Actinobacteria. Os investigadores inocularam 

a microbiota intestinal do primeiro e terceiro trimestre em ratos gnotobióticos (livres 

de germes); comparando os ratos inoculados com a microbiota do terceiro com a 

do primeiro trimestre, os do terceiro ganharam mais peso, ficaram mais insulino-

resistentes e tiveram maiores índices de marcadores inflamatórios, sugerindo que 

a microbiota intestinal pode ter influência nas mudanças metabólicas que ocorrem 

na gestação.  

As mulheres grávidas têm uma permeabilidade intestinal mais elevada 

em comparação com as não grávidas conforme medido por testes de lactulose/ 

manitol 76. Não está claro como a gravidez contribui para aumentar a 

permeabilidade intestinal, embora uma hipótese viável seja que os hormônios 

induzam à uma mudança na estrutura e composição das proteínas da “tight-

junction” 77 . As mudanças maternas na permeabilidade intestinal podem afetar o 

suprimento de nutrientes para o feto 78 e podem moldar a estrutura e a função da 

comunidade de microflora intestinal 79. O IMC mais alto está associado ao 

aumento da permeabilidade intestinal em mulheres, mas as consequências na 

gravidez e efeito no feto são desconhecidas 80; também as consequências a longo 

prazo dessas mudanças são desconhecidas e são merecedoras de investigação, 

pois elas poderiam potencialmente afetar e regularizar colonização microbiana 

precoce do intestino e consequentemente influenciam o estado de saúde 

metabólica na vida adulta. 

A zonulina é uma nova proteína que influencia a função de barreira 

intestinal, mantendo as junções de barreira apertadas entre as células caliciformes. 

A circulação de zonulina e lipopolissacarídeos tem sido positivamente associada à 

obesidade, medidas de inflamação e alterações de glicemia 81–83. Entre as mulheres 

grávidas com sobrepeso, a riqueza da microbiota intestinal foi maior no grupo de 



Revisão de L iteratura  
 

15 
 

baixa zonulina do que no grupo de zonulina alta (p=0,01). As abundâncias de 

Bacteroidaceae , Veillonellaceae, Bacteroides e Blautia sp foram menores e de 

Faecalibacterium e Faecalibacterium prausnitzii (um produtor de ácidos graxos de 

cadeia curta) maiores (p<0,05) no grupo de baixa zonulina do que no grupo de 

zonulina alta 84. Esta observação pode ser importante, uma vez que uma alta 

presença de espécies pró-inflamatórias, como Bacteroides, em relação a espécies 

potencialmente antiinflamatórias, como F. prausnitzii, tem sido associada a 

metabolismo adverso, como a resistência à insulina 85. Uma maior abundância do 

gênero Blautia também foi associada à intolerância à glicose 86.  

Assim, uma microbiota intestinal desequilibrada associada a distúrbios 

metabólicos na gravidez pode induzir inflamação e alterações glicêmicas através 

de uma produção alterada de ácidos graxos de cadeia curta, regulação da secreção 

de hormônio intestinal e/ou função de barreira intestinal.  

 

2.4 Microbiota intestinal: elo entre metabolismo da mãe e do bebê? 

O mecanismo pelo qual a obesidade e o diabetes materno levam a um 

maior risco de doenças crônicas nos descendentes não é bem entendido. Uma 

hipótese emergente é que esses efeitos possam ser mediados pelo microbiota 

materno durante a gravidez que é compartilhado com o recém-nascido durante a 

gestação e parto.   

Um estudo aberto da Tanzânia avaliou a influência do iogurte probiótico 

contendo Lactobacillus rhamnosus na microbiota intestinal de 56 mulheres 

grávidas; 26 mulheres receberam iogurte diariamente e 30 não foram tratadas 

durante os últimos dois trimestres e por um mês depois do nascimento dos 

bebês 87. O consumo de iogurte aumentou a abundância relativa de Bifidobacterium 

e diminuição da Enterobacteriaceae nas fezes dos recém-nascidos, mas não teve 

efeito sobre a microbiota da mãe. A microbiota do trato gastrointestinal permaneceu 

estável durante a gravidez.  
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A mãe é a fonte da primeira microbiota do recém-nascido, seja através 

de baixa exposição à biomassa antes do nascimento, o inóculo da microbiota 

vaginal e intestinal durante o parto, ou a microbiota da pele durante o parto 

cesárea 88. Como tal, é concebível que um microbiota materno associado com 

diabetes ou obesidade durante a gravidez possa potencialmente modificar a 

transferência de microbiota de mãe para recém-nascido.  

Fugmann et al investigaram a composição da microbiota 3 a 16 meses 

após o parto de 42 mulheres que tiveram diabetes gestacional e de 35 mulheres 

com gestações normoglicêmicas 89. Os investigadores não acharam diferença na 

alfa diversidade (riqueza das espécies) e nem na beta diversidade (distância 

filogenética), mas viram uma abundância relativa de Firmicutes nas fezes das 

mulheres com DMG. A diminuição relativa da abundância de várias OTUs do filo 

Firmicutes foram descritas em pacientes com DM tipo 2 72,73,90. 

Jianzhong Hu et al avaliaram a diversidade do microbioma de mecônio 

de 23 recém-nascidos e determinar se a comunidade bacteriana é afetada pelo 

estado de diabetes materno (quatro mães tinham diabetes mellitus tipo 2; cinco 

diabetes mellitus gestacional desenvolvido e 13 não tinham diabetes) 91. Todas as 

amostras de mecônio não eram estéreis e continham microbiota diversificada. Em 

comparação com as fezes adultas, o mecônio mostrou uma menor diversidade de 

espécies, maior variação de amostra para amostra e enriquecimento de 

Proteobacteria e redução de Bacteroidetes. Entre as amostras de mecônio, as 

análises de taxonomia sugeriram que o conteúdo bacteriano geral diferiu 

significativamente pelo estado de diabetes materno, com o microbiota do grupo das 

diabéticas tipo 2 apresentando maior diversidade alfabética do que o de grupos 

não-diabéticas ou com DMG. Nenhuma diferença global foi encontrada entre os 

bebês nascidos via vaginal ou via cesárea. Especificamente, Bacteroidetes (phyla) 

e Parabacteriodes (gênero) foram enriquecidos no mecônio no grupo DM em 

comparação com o grupo não-diabetes. 

Hasan et al. compararam a microbiota intestinal de 60 mulheres que 

desenvolveram diabetes mellitus gestacional com a de 68 gestantes normais, e a 

microbiota intestinal de seus descendentes 5 anos pós-parto 92. Nas mães, não 
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foram observadas diferenças significativas na composição de microbiota entre os 

dois grupos. O gênero Anaerotruncus foi aumentado em crianças de mulheres 

GDM (p < 0,001). As medidas de diversidade beta mostraram que uma mãe e seu 

filho possuem uma composição de microbiota mais semelhante quando 

comparada às crianças não relacionadas, outras mães ou as crianças 

comparadas entre si (p < 0,001). Os autores concluíram que não existe uma base 

de microbiota discernível para a susceptibilidade a GDM em mulheres de alto 

risco, enquanto as diferenças de microbiota entre os descendentes podem ser de 

maior importância biológica.  

A maturação da microbiota do intestino recém-nascido é muito 

influenciada pelo tipo de parto. Bokulich e colaboradores realizaram recentemente 

um estudo que mostrou que, logo após o nascimento, os recém-nascidos de 

cesariana têm uma microbiota intestinal com maior diversidade, riqueza e 

uniformidade filogenéticas comparados aos recém-nascidos por via vaginal 93. 

Porém, essa tendência inverteu-se de 8 meses para 2 anos, com recém-nascidos 

por via cesariana com menor diversidade e riqueza. Além disso, neste estudo, a 

maturação de microbiota estagnou em recém-nascidos por cesariana entre 6 e 24 

meses comparados aos recém-nascidos por via vaginal. Outros estudos sobre 

este tópico, observaram ainda que a colonização por Bacteroidetes foi reduzida 

em bebês de parto cesárea durante, pelo menos, o primeiro ano de vida 94,95. 

Independentemente da via de parto, a amamentação também afeta o microbiota 

intestinal infantil 93, mas é cada vez mais claro que a via de parto é o predominante 

dos primeiros colonizadores do intestino infantil. Portanto, evidências recentes 

começam a desvendar as diferenças entre a microbiota intestinal de gestantes 

com e sem diabetes e de seus descendentes, podendo ser um foco passível de 

prevenção primária de diabetes tipo 2 na mãe e de impacto na saúde para os 

descendentes. 

 



 

 

 

 

 

 

 

 

 

 

 

3  MÉTODOS 
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3.1 Casuística 

A amostra foi de conveniência com a avaliação 115 gestantes, sendo 56 

com diabetes gestacional e 59 sem a doença, de gestação não gemelar. As 

gestantes incluídas tinham idade acima de 18 anos e IMC  25 Kg/m2. As gestantes 

eram incluídas ao iniciarem o acompanhamento pré-natal nos ambulatórios, entre 

o primeiro ou segundo trimestre e/ou no terceiro trimestre de gestação. As mulheres 

com diabetes gestacional eram provenientes do Ambulatório de Diabetes 

Gestacional do Centro de Diabetes da UNIFESP e aquelas sem diabetes 

gestacional eram provenientes do Ambulatório de Gestação Normal da UNIFESP. 

Os critérios de exclusão utilizados foram a presença de doença autoimune 

conhecida, uso crônico de medicação, doença inflamatória intestinal, uso de 

antibiótico nos 30 dias que antecedem a coleta da amostra de fezes. No puerpério, 

84 mulheres com os seus respectivos bebês mantiveram o seguimento no estudo 

e tinham os dados de coleta de fezes para a avaliação da microbiota intestinal, 

sendo 40 com GDM prévio e 44 controles. 

Para diagnóstico de Diabetes Gestacional foi usado o critério definido pela 

Sociedade Brasileira de Diabetes como glicemia de jejum acima ou igual a 92 mg/dL 

e menor que 126 mg/dLe/ou glicemias após teste oral de tolerância à glicose (TOTG) 

de (com um ponto alterado ou mais):  jejum > 92 mg/dL; 1 hora > 180 mg/dL; 2 horas 

> 153 mg/dL. Foram incluídas no nosso estudo as que tinham glicemia de jejum  

100 mg/dL no início da gestação ou as que tinham dois pontos de glicemia alterados 

no TOTG. Optamos por este critério para excluir os casos de DMG leves pois 

achamos que as diferenças na microbiota seriam minimizadas 96. 

Todas que aceitaram participar assinaram o Termo de Consentimento 

Livre e Esclarecido – TCLE (Anexo 1). As medidas de obtenção de amostras, 

análises e divulgação dos resultados seguem as normas do Conselho Nacional de 

Saúde, no que se refere à Ética em Pesquisa com Seres Humanos (Brasil. 

Resolução n. 196, de 10 de outubro de 1996. Dispõe sobre as normas nacionais de 

ética em pesquisa com humanos. Brasília: Conselho Nacional de Saúde, 1999. 10 

p) 97 e o projeto foi aprovado pelo Comitê de Ética da UNIFESP-EPM. 
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3.2 Delineamento do estudo e coleta de dados 

O delineamento do presente estudo foi longitudinal, incluindo a avaliação 

das mulheres durante a gestação e entre 2 e 6 meses após o parto de dezembro 

de 2018 a agosto de 2020. A avaliação dos descendentes foi somente em um ponto 

no tempo, ou seja, entre 2 e 6 meses de vida. 

 

 

 

 

 

 

 

 

 

 

 

As participantes tiveram a avaliação com questionários padronizados, 

avaliação clínica em 2 ou 3 momentos, no primeiro/segundo e/ou terceiro trimestre 

da gestação quando compareciam para o atendimento de rotina de 

acompanhamento pré-natal. Após o parto, era agendado um dia de acordo com a 

disponibilidade da gestante para vir ao Centro de Diabetes com seu bebê entre 2 

e 6 meses após o parto. Neste momento a puérpera vinha em jejum e era 

submetida ao teste oral de tolerância à glicose com 75g, além da avaliação do 

questionário padronizado e exame físico referentes a mulher e seu bebê. O exame 

laboratorial ocorreu no laboratório da AFIP (Associação Fundo de Incentivo à 

143 gestantes assinaram o TCLE

17 excluídas: desistiram de participar

126 gestantes incluídas
115 gestantes analisadas (56 DMG e 59 controles)

de dezembro de 2018 a agosto de 2020

40 puérperas 
DMG com 
seus bebês

40 puérperas 
Controles com 

seus bebês

Momento 1
60 analisadas: 41 controles e 19 DMG
Momento 2
105 analisadas: 56 controles e 49 DMG

98 completaram a avaliação total com amostras 
de fezes no puerpério (2 a 6 meses)



Métodos  
 

21 
 

Pesquisa). Parte das determinações foi realizada de imediato e alíquotas foram 

estocadas a -80º C para análises posteriores. A amostra fecal era trazida do 

domicílio em coletor plástico estéril previamente fornecido. Alíquotas de 220 mg 

de fezes foram estocadas sob congelação de -80º C até a transferência para 

análises da microbiota. 

A avaliação inicial das participantes constou de: entrevista com 

questionário padronizado para a obtenção de dados demográficos, 

socioeconômicos e de saúde (Anexo 2); recordatório alimentar (Anexo 3); avaliação 

antropométrica (peso e altura); coleta de fezes (para a coleta a mulher não podia 

apresentar: uso de antibióticos nos últimos 30 dias, diarreia, doença inflamatória 

intestinal, estar menstruada no momento da amostra de fezes) (Anexo 4). 

A avaliação pós parto das participantes constou de: entrevista com 

questionário padronizado para a obtenção de dados demográficos, 

socioeconômicos de saúde, incluindo informações sobre aleitamento materno 

(Anexo 2); recordatório alimentar (Anexo 3); avaliação antropométrica (peso, altura, 

circunferência da cintura e do pescoço); avaliação bioquímica (hemograma, perfil 

lipídico, insulina, teste oral de tolerância à glicose com 75g com determinação da 

glicemia e insulina no jejum e após 120 minutos da sobrecarga); coleta de fezes 

(para a coleta, a mulher não devia apresentar: uso de antibióticos nos últimos 30 

dias, diarreia, doença inflamatória intestinal, estar menstruada no momento da 

amostra de fezes). 

Em relação aos descendentes foram coletadas as seguintes 

informações entre 2 e 6 meses de vida: entrevista com a mãe para obter informação 

sobre a amamentação exclusiva ou não, momento da introdução de fórmula e de 

alimentos; dados do parto e intercorrências neonatais; avaliação antropométrica 

(peso, altura); coleta de fezes; questionário de saúde (Anexo 3). 
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3.3 Métodos de análise de dieta 

No registro alimentar, a paciente anotava, em formulários especialmente 

desenhados (Anexo 3), todos os alimentos e bebidas consumidos ao longo de 3 

dias, anotando também os alimentos consumidos fora do lar. Com o propósito de 

estimar de forma mais acurada o tamanho das porções descritas, o nutricionista 

demonstrava à paciente como registar as informações, utilizando como auxílio 

utensílios caseiros tradicionais (copos, xícaras, talheres e pratos) e modelos 

alimentares.  O registro era em dias alternados e abrangendo um dia de final de 

semana 98. O valor energético total, de macro e micronutrientes foram calculados 

por meio de um software Diet Pro 99, utilizando como referência a Tabela de 

Composição Alimentar Brasileira (TACO) 100.  

 

3.4 Variáveis de interesse 

 Variáveis sociodemográficas: sexo, escolaridade; 

 Variáveis antropométricas e de exame físico: peso, altura, 

circunferência da cintura, circunferência do pescoço, pressão arterial; 

 Variáveis bioquímicas e biomarcadores; 

 Durante a gestação: glicemia de jejum e de 2h pós TOTG entre 24 e 

28 semanas de gestação, HbA1c no pós-parto: glicemia de jejum e 2 

horas após 75g de dextrosol (TOTG), HbA1c, insulina de jejum, 

colesterol total e frações, leptina, adiponectina, E-selectina, 

lipopolissacaride (LPS), zonulina e ácidos graxos de cadeia 

ramificada; 

 Microbiota intestinal; 

 Informações sobre o parto e o bebê: tipo de parto, idade gestacional 

do parto, peso ao nascer, complicações maternas e fetais;  
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 Informações sobre os pais, aleitamento e saúde do bebê: dados do 

questionário (Anexo 2). 

 

3.5 Métodos Analíticos 

As dosagens bioquímicas foram realizadas no laboratório AFIP. A 

glicose plasmática será determinada pelo método da glicose oxidase e as 

concentrações de colesterol total, HDL-c e triglicérides por métodos colorimétricos 

enzimáticos, processados em analisador automático. As concentrações de LDL-c e 

VLDL-c serão obtidas por diferença, utilizando-se a equação de Friedewald. As 

demais determinações bioquímicas serão feitas por métodos rotineiros. Alíquotas 

de soro foram estocadas a -800C para posteriores determinações de insulina 

(ensaio imunoflluorimétrico, baseado em anticorpo monoclonal, AutoDelfia, Perkin 

Elmer Life Sciences Inc., USA). Alíquotas também foram enviadas para análises de 

biomarcadores que estarão disponíveis para análises e publicações futuras, mas 

que não fizeram parte do objetivo principal desta tese. 

As alíquotas de fezes armazenadas foram transportadas em caixa 

isotérmica, resfriada com gelo seco ao Laboratório da Universidade de São Paulo 

que realizou as análises metagenômicas. Foi feito pirosequenciamento de 

amplicons da subunidade ribossomal 16S (16S rRNA)101. 

Inicialmente é realizada a extração e quantificação do DNA através do 

QIAmp DNA Stool Mini Kit (Qiagen). Em seguida, o DNA é amplificado na reação 

em cadeia da polimerase (PCR) (kit FastStart High Fidelity PCR System – Roche), 

utilizando primers específicos para amplificação das regiões V2 e V6 da 16S rRNA. 

As sequências dos primers específicas à região 16S serão 8F 

(AGAGTTTGATCCTGGCTCAG) e 338R (TGCTGCCTCCCGTAGGAGT), que são 

acrescidas das sequências MID (multiple identifier), necessárias para o 

sequenciamento e multiplexação de amostras. O sequenciamento é baseado em 

pool de 100 amostras em 2 placas GS FLX Picotiter Plate, totalizando 2 corridas. 

Assim, são obtidas 600.000 leituras em cada placa, ou seja, em torno de 2250 para 

cada amostra. Após a obtenção das sequências, é feita a demultiplexação das 
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amostras de acordo com as sequências MID. Dessa forma, as sequências são 

submetidas a uma análise filogenética para caracterização da microbiota fecal por 

comparação de sequências da região 16S extraídas das amostras, com bancos de 

dados padronizados de 16S (análises de bioinformática realizadas em parceria com 

Fiocruz, MG). Diante destes dados é possível determinar abundâncias de bactérias 

pertencentes aos principais filos e gêneros, bem como testar associações da 

composição com parâmetros clínicos. 

 

3.6 Análise Estatística 

Para as variáveis com distribuição normal – ou para aquelas cuja 

transformação logarítmica conferirem distribuição normal –, foram usados testes 

paramétricos (t de Student) e para as demais variáveis, testes não paramétricos 

(Mann-Whitney). Essas variáveis são apresentadas como média e desvio padrão, 

ou como mediana e intervalo interquartil. Para as variáveis categóricas a 

representação foi por número e percentual e o teste usado foi Qui-quadrado de 

Pearson. Foi utilizado o Statistical Package for the Social Sciences®, v 22.0 (SPSS 

Incorporation, 2000) e p < 5% foi considerado estatisticamente significativo.  

Foi calculada a alfa diversidade das amostras com e sem DMG nos 

diferentes momentos para as mães (gestação e puerpério) e os bebês. Para 

avaliar a beta diversidade, comparar a dissimilaridade (ou distância) entre as 

amostras, de acordo com diagnóstico de DMG, tipo de parto e aleitamento, foi 

usada a técnica de Principal Coordinate Analysis (PCoA), utilizando a distância 

de Jensen-Shannon, que descreve melhor variáveis relativas e limitam os valores 

entre 0 e 1. As porcentagens dos eixos nestas análises representam a variância 

que pode ser explicada por aquele eixo. Para avaliar diferenças estatísticas foi 

usado o teste de Permanova, usando a função Adonis em vegan. Para cada 

variável, foram feitas 999 permutações. Foi avaliada, também, a abundância 

relativa de bactérias, utilizando critérios rigorosos de p < 0,01 e descartando as 

bactérias que apresentavam abundância relativa de 0% em uma grande parte das 

participantes. Para identificar os gêneros diferencialmente abundantes, o teste de 
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Wald do pacote DESeq2 [10.1186 / s13059-014-0550-8] e um filtro de valor p 

ajustado de p < 0,01 foram usados. As correlações entre as bactérias e 

parâmetros clínicos e laboratoriais foram testadas. Vale reforçar que foram 

usados critérios rigorosos para considerar uma correlação estatisticamente 

significativa, adotando um p < 0,01. 
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ABSTRACT 

Background: Gestational Diabetes Mellitus (GDM) is one of the most prevalent 

complications of pregnancy and can cause adverse maternal and fetal outcomes. 

The maternal gut microbiota is involved in several metabolic functions, but it is not 

yet known its role in GDM physiopathology. This study aims to review the role of gut 

microbiota in pregnancies that evolved with GDM. Methods: Systematic search of 

the PubMed, Embase, and Scopus databases was performed to identify relevant 

articles published until 18th August 2021 involving the assessment of gut microbiota 

in the first, second and third trimesters of pregnancy. Results: A total of 23 articles 

were selected for this review. Seventeen studies investigated differences in the 

microbiota of healthy and GDM pregnant women. Results showed differences in alfa 

and beta diversity of the gut microbiota between healthy women and women with 

GDM in all trimesters of pregnancy. There were differences in the type of bacteria 

depending on the population studied. Six prospective studies found that microbiota 

changes during pregnancy and that some particularities in the microbiome in early 

pregnancy are associated with the risk of GDM. There was an increased relative 

abundance of the Ruminococcaceae, Lachnospiraceae and Enterococcaecea 

families, decrease in the levels Faecalibacterium, and enrichment of Bacteroides, 

Blautia, Collinsella and Eggerthella in the GDM groups. Conclusion: This 

systematic review showed that there is a relationship between intestinal microbiota 

and GDM. Gut microbiota could be a biomarker for early detection of GDM and could 

be considered a potential target for modification to reduce the risk of GDM. 

Keywords: Gestational Diabetes Mellitus, Gut Microbiota 
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INTRODUCTION 

Gestational Diabetes Mellitus (GDM) is a highly prevalent condition in 

pregnancies with undesirable repercussions for health and adverse maternal and 

fetal outcomes in the short and long term [1]. Understanding the factors associated 

with GDM may be important to think about treatment and prevention strategies. 

Throughout a normal and healthy pregnancy, the body undergoes many 

(a series of) hormonal, immunological, and metabolic changes. Body fat increases 

early in pregnancy, followed later by a decrease in insulin sensitivity [2]. In contrast 

to the obesity condition outside pregnancy, which is harmful to long-term health, 

increased adiposity and decrease in insulin sensitivity are physiological responses 

in the context of a normal pregnancy, responsible for sustaining the growth of the 

fetus and preparing the body for the energetic demands of lactation [3,4]. Several 

placental-derived diabetogenic hormones have the peak during the third trimester 

of pregnancy, resulting in a relative state of physiologic maternal insulin resistance 

that persists until childbirth. 

A concomitant compensatory increase in insulin secretion in healthy 

pregnancies maintains glucose homeostasis despite physiologic insulin resistance 

(IR). If the increase in maternal insulin secretion cannot maintain glycemic control, 

maternal hyperglycemia and GDM occur [3]. In this context, GDM is defined as 

hyperglycemia first diagnosed during pregnancy, which does not fullfil the criteria 

for overt diabetes and is the most frequent endocrine disorder of pregnancy [5].  

The gut microbiota has been associated with obesity and metabolic 

changes of subclinical inflammation and IR [6]. However, does the microbiota play 

a role in the evolution of IR and DM during pregnancy? 

Studies of the intestinal microbiota showed some particularities of the 

microbiome’s action during pregnancy [7]. It is unclear how pregnancy contributes 

to increased intestinal permeability, although a viable hypothesis is that hormones 

induce a change in intestinal mucosa tight-junction proteins [8]. Changes in 

maternal intestinal permeability may affect the supply of nutrients to the fetus and 

can shape the structure and function of the intestinal microflora community [9]. 
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Regarding this area of knowledge, some studies have investigated the 

spectrum of the intestinal microbiota during pregnancy, its changes according to the 

trimester of pregnancy, the presence of obesity, and the occurrence of GDM, to 

contribute to the understanding of the role of the microbiota in gestational diabetes. 

Our study aimed to do a systematic review of the evidence of intestinal 

microbiota profile and status of GDM, according to the trimester of pregnancy. 

 

METHODS 

Literature Search 

To ensure the high quality of this work, we conducted this study in 

accordance with the PRISMA Checklist (Preferred Reporting Items for Systematic 

Reviews and Meta-Analyses) [10]. 

A comprehensive search of the PubMed, Scopus (Medline and Lilacs) 

and Embase databases was performed to identify relevant articles published until 

18th August 2021. The search terms were as follows: "Diabetes, Gestational" OR 

Diabetes, Pregnancy-Induced OR Diabetes, Pregnancy Induced OR Pregnancy-

Induced Diabetes OR Gestational Diabetes OR Diabetes Mellitus, Gestational OR 

Gestational Diabetes Mellitus AND "Gastrointestinal Microbiome" OR 

Gastrointestinal Microbiomes OR Microbiome, Gastrointestinal OR Gut Microbiome 

OR Gut Microbiomes OR Microbiome, Gut OR Gut Microflora OR Microflora, Gut 

OR Gut Microbiota OR Gut Microbiotas OR Microbiota, Gut OR Gastrointestinal 

Flora OR Flora, Gastrointestinal OR Gut Flora OR Flora, Gut OR Gastrointestinal 

Microbiota OR Gastrointestinal Microbiotas OR Microbiota, Gastrointestinal OR 

Gastrointestinal Microbial Community OR Gastrointestinal Microbial Communities 

OR Microbial Community, Gastrointestinal OR Gastrointestinal Microflora OR 

Microflora, Gastrointestinal OR Gastric Microbiome OR Gastric Microbiomes OR 

Microbiome, Gastric OR Intestinal Microbiome OR Intestinal Microbiomes OR 

Microbiome, Intestinal OR Intestinal Microbiota OR Intestinal Microbiotas OR 

Microbiota, Intestinal OR Intestinal Microflora OR Microflora, Intestinal OR Intestinal 

Flora OR Flora, Intestinal OR Enteric Bacteria OR Bacteria, Enteric. 
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Additionally, references cited in the retrieved articles were also examined 

to find relevant studies that database searches had not identified. 

 

Inclusion Criteria 

Observational studies that met all following criteria were included: study 

design (case-control or cross-sectional or case series or cohort study) in pregnant 

women with and without GDM who had an analysis of their intestinal microbiota in 

any trimester of pregnancy. 

Reviews, case reports, editorials, letters, expert opinions, animal, and 

experimental studies were excluded in our study. 

We did not apply any language or date restrictions. 

 

Data Extraction and Quality Assessment 

The search results were divided into one pair of authors to extract all data 

in a double-blinded manner; any disagreement was solved by the discussion within 

the authors and then by the team author. 

Data were extracted using standardized forms. Data recorded included 

the first authors’ names, years of publication, study location, research type, numbers 

of participants, and study quality.  

The Critical Appraisal Checklists for specific types of study were used: 

Critical Appraisal Checklist for Analytical Cross-Sectional Studies, Critical Appraisal 

Checklist for Case-Control Studies and Critical Appraisal Checklist for Cohort 

Studies by Joanna Briggs Institute [11]. As three different types of studies were 

included, the specific instrument was used for each type of study; each of them has 

a total of different assessment items (Cohort = 12, control case = 10, transversal = 

8), and the highest score indicates better methodological quality. 

A detailed PRISMA flow diagram for the search strategy is included in 

Figure 1. 
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RESULTS 

Search Results  

Our search identified 207 publications; following screening of title and 

review abstracts for eligibility; we excluded 176 titles and reviews abstracts. Then, 

we excluded 8 papers that were full text reviewed. 

 

Included Studies 

The 23 selected studies involved 3560 pregnant women: 1191 GDM and 

2344 controls. Seventeen studies were conducted in China, two in Finland, one in 

Denmark, one in Australia, one in Italy, and one in Brazil; all were published between 

2012 and 2020. Table 1  

 

Gut Microbiome and GDM according to the trimester of pregnancy 

We presented the results of the studies according to the trimester of 

pregnancy when the microbiota analyses were performed. From 23 studies, 17 of 

them showed microbiota characteristics in women with or without GDM in different 

trimesters of pregnancy. Moreover, finally, we present four studies that highlighted 

the changes in microbiota abundances throughout pregnancy and the association 

with progression to GDM. 

The main differences regarding gut microbiota found between women 

with and without GDM are represented in Figure 2. 

 

Differences in second to third trimesters 

Four studies [12–15] evaluated pregnant women’s gut microbiota during 

second to third trimesters. Kuang et al. evaluated gut microbial composition in fecal 

samples from 43 GDM patients and 81 healthy pregnant women between 21-29 

weeks of gestational age [12] with different pregestational BMI (GDM women had a 

mean of 21.9 ± 3.1 and healthy pregnant women: 20.2 ± 2.0 Kg/m2, p=0,003) and 

found significant relative abundance differences between the groups. Bacterial 
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species such as Parabacteroides distasonis, Klebsiella variicola, Catenibacterim 

mitsuokai, Coprococcus comes, and Citrobacter spp. were enriched in GDM 

patients, whereas Methanobrevibacter smithii, Alistipes spp., Bifidobacterium spp. 

and Eubacterium spp. were enriched in controls. Ye et al. analyzed 52 pregnant 

women with 24 to 28 weeks of gestational age; they divided them into healthy 

pregnant women (n: 16, BMI: 24,3 ± 2,9 Kg/m2) and GDM women with successful 

glycemic control and (n: 24, BMI: 24,9 ± 3,8 Kg/m2) and failure of glycemic control 

(n=12, BMI: 27,2 ± 3,8 Kg/m2) [13]. Their results showed that the relative abundance 

of Blautia, Faecalibacterium, Eubacterium_hallii_group, Subdoligranulum, 

Phascolarctobacterium, and Roseburia showed significant differences among the 

three groups; the relative abundance of Faecalibacterium and Subdoligranulum in 

the GDM with failure glycemic control  group was lower, while that of Blautia and 

Eubacterium_hallii_group were significantly higher compared with healthy pregnant 

women and women with GDM and successful glycemic control. They conclude that 

gut bacteria may play a role in the pathological development of the poor control of 

GDM patients. 

Chen T et al. carried out a case-control study with 110 GDM patients and 

220 healthy weight-matched pregnant women evaluating gut microbiota between 

22-24 weeks. They found that GDM patients had lower α-diversity and that the 

genera Bacteroides, Dialister, and Campylobacter, and an unassigned genus of 

Enterococcaceae were taxonomic biomarkers of GDM, whereas the genera 

Gemmiger and Bifidobacterium, and unassigned genera of Clostridiales and 

Ruminococcaceae were markers of normal glucose during pregnancy[14]. 

Mullins et al. investigated the gut microbiota of overweight and obese 

women with GDM against matched euglycaemic women at 16 and 28-weeks’ 

gestation [15]. GDM was associated with decreased Shannon diversity (p Z 0.02) 

without differentiated clustering measured by beta diversity at 28-weeks’ gestation. 

Genus Eggerthella was uniquely associated in women with GDM, while the genera 

Unclassified.RF39, Desulfovibrio, and Dehalobacterium were uniquely associated 

in euglycaemic women. 

  



Artigo 1  
 

34 
 

Differences in the third trimester 

In the third trimester, the evaluation of gut microbiota comparing GDM 

with healthy mothers was performed in thirteen studies [16-28].  

Crusell et al. [16] studied gut microbiota profiles of 50 women with GDM 

and 157 healthy pregnant women in the third trimester, with a significant difference in 

pre-gestational BMI(GDM women had a mean of 29.3 ± 5.6 and healthy pregnant 

women: 27.1± 4.8 Kg/m2, p=0,02), and found that Actinobacteria at phylum level and 

Collinsella, Rothia, and Desulfovibrio at genus level had a higher abundance in the 

GDM patients. They also discovered that 5 of the 17 Operational Taxonomic Units 

(OTUs) showed differential abundance in the GDM women compared with the 

normoglycemic pregnant women with enrichment of Faecalibacterium and 

Anaerotruncus and depletion of species like Clostridium and Veillonella. Cortez et 

al. [17] made a cross-sectional study that recruited 26 GDM and 42 healthy women 

and collected oral, vaginal, and stool samples. They showed that the pregestational 

BMI was significantly higher in the GDM group (p=0,04; GDM women had a mean of 

29.3±5.6 and healthy pregnant women: 27.1 ± 4.8 Kg/m2, p = 0,02). The Firmicutes 

phylum was more abundant in the GDM group, whereas the Bacteroidetes phylum 

was more abundant in the control group, without statistical significance; the frequency 

of genus Bacteroides was higher in the control group in comparison to GDM patients, 

whereas those of Ruminococcus, Eubacterium, and Prevotella were higher in the 

GDM group. Still, none of these differences were statistically significant. They 

conclude that there is a tendency towards dysbiosis in GDM. 

Xu et al. [18] performed a cross-sectional study in 30 GDM women and 

31 normal controls, weight-matched, comparing intestinal and oral microbiota in the 

third trimester. They found that women with GDM had significant differences in beta 

diversity and increased Gammaproteobacteria and Haemophilus abundances, and 

lower alpha diversity; the ROC curve showed the AUC (area under the curve) of 

0.66 when using Haemophilus abundance to predict GDM status. 

 Liu el al. [19] studied the gut microbiota in GDM women with (n = 11) or 

without hyperlipidemia (n = 12) and pregnant women with (n = 11) or without 

hyperlipidemia (n = 11), with similar BMI. They found that the relative abundance of 
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Streptococcus, Faecalibacterium, Veillonella, Prevotella, Haemophilus, and 

Actinomyces was significantly higher in GDM with hyperlipidemia; the healthy group 

had a significant abundance of Faecalibacterium. 

Wu et al. [20]  analyzed the gut microbiota of 60 GDM and 139 control 

pregnant women with similar BMI (GDM women had a mean of  22.58 and healthy 

pregnant women of 20.96 Kg/m2, p = 0,21); they demonstrated that GDM women 

show lower but not statistically significant alpha diversity at the species level than 

non-GDM women, and the species-level beta-diversity showed significant 

differences. The abundance of Bacteroides dorei was positively correlated with 

fasting plasma glucose and 1-hour plasma glucose after an Oral Glucose Tolerance 

Test. They conclude that the intestinal microbiome is related to the diabetic status 

of Chinese women. Another study conducted by Cui et al. [21] compared the 

composition of the gut microbiota in healthy pregnant women (n=19), in women with 

GDM (n = 37) and women with gestational hypertension [GH (n = 25)], with similar 

BMI; they found that there was a significant difference in β-diversity (p < 0.01) and 

α-diversity (p < 0.05) among the three groups. At the phylum level, the Firmicutes 

abundance of the GH group was significantly lower than that of the GDM group 

(p = 0.039) and healthy group (p = 0.002); Bacteroidetes (p = 0.005) of the GDM 

group were more dominant than those of the healthy group. They conclude that 

there might be a link between gut barrier disruption and pregnancy complications. 

Hou et al. [22] evaluated 111 pregnant women divided into normal group 

(n = 50) and GDM patients (n = 61), which was stratified into normal maternal age 

(NMA < 35 years) group (n = 32) and advanced maternal age (AMA) group (n = 29). 

Women with GDM in both groups had a greater BMI (p < 0.05). Compared with the 

non-GDM group, the proportion of Firmicutes in AMA and NMA with GDM group 

was lower, while the proportion of Bacteroidetes and Proteobacteria in AMA and 

NMA group was higher; the abundance of Fusobacteria, Verrucomicrobia, and 

Actinobacteria were relatively higher on phylum level in AMA group. Wang J et 

al. [23] enrolled 346 pregnant women and collected feces from 74 women with GDM 

and 73 healthy pregnancies for microbiota analysis; they also analyzed oral and 

vaginal microbiota. They did not find any obvious variation in intestinal or vaginal 
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microbiota, but they showed that low intestinal Faecalibacterium/Fusobacterium 

ratios correspond to high blood glucose values.  

Li et al. analyzed 52 singleton pregnant women at > 28 weeks of 

gestation, 23 GDM and 29 controls [24]. The GDM women had greater BMI (23:6 ± 

1:3 vs 21:39 ± 1:37 Kg/m2, p < 0.05) and greater α-diversity, with a lower proportion 

of Bacteroides and a higher proportion of Firmicutes in the GDM. The ratio of 

Firmicutes/Bacteroides in the GDM group was significantly higher, and the groups 

of bacteria that affected the difference between the groups were Coriobacteriaceae, 

Coriobacteriia, Coriobacteriales, Collinsella, Dorea, Coprococcus, Ruminococcus, 

Ruminococcaceae, Lachnospira, Blautia, Lachnospiraceae, Clostridiales, 

Clostridia, and Firmicutes. 

Chen F et al. conducted a cross-sectional study in 30 GDM and 28 health 

control weight-matched women and found that the α-diversity of the GDM group was 

slightly but not significantly lower than that of the control group [25]. At the species 

level, there were 37 species significantly enriched in GDM patients such as 

Corynebacterium spp., Lactobacillus spp. and Blautia hydrogenotrophica while 104 

species were enriched in normoglycemic pregnant women such as Bacteroides 

spp., Bifidobacterium spp., Clostridium spp., Eubacterium spp., and Prevotella spp. 

Wei et al. conducted a cross-sectional study in 33 pregnant women, 

being 13 diagnosed with GDM [26]. The GDM group had a greater BMI. They did 

not find a difference in α-diversity but find in beta diversity.  Clostridiales, Clostridia, 

and Firmicutes were significantly associated with the GDM samples, while 

Bacteroidetes, Bacteroidia, and Bacteroidales were related to the control samples. 

Moreover, at the species level, a great difference in R. bromii, C.colinum, and S. 

infantis was found between the GDM. 

Festa et al. conducted a cross-sectional study in 14 GDM and 15 healthy 

control women with similar BMI and showed no difference in β diversity [27]. They 

found that women with GDM had higher relative abundance levels of Bacteroides 

caccae, Bacteroides massiliensis, and Bacteroides thetaiotaomicron (p < 0.05) 

together with reductions of Bacteroides vulgatus, Eubacterium eligens, 

Lactobacillus rogosae, and Prevotella copri (p < 0.05). 
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Wang X et al. analyzed the gut microbiota in 59 GDM and 48 control 

pregnant women with similar BMI and showed differences in β diversity [28]. GDM 

women were characterized by enriched bacterial OTUs of the family 

Lachnospiraceae, and depleted OTUs of the families Enterobacteriaceae and 

Ruminococcaceae. 

 

Changes in gut microbiome during pregnancy and progression to GDM  

In 2012 Koren et al. [7] explored the differences in gut microbiota during 

pregnancy (first and third trimesters) and progression to GDM status; they studied 

91 pregnant women with different body mass indexes (BMI) and GDM status; 15 

women were diagnosed with GDM during the study. They found that gut microbiota 

changed from first to third trimesters, with a vast expansion of diversity between 

mothers, an overall increase in Proteobacteria and Actinobacteria, and a reduced 

number of OTUs (in the third trimester, the gut microbiota was depleted of bacterial 

phylogenetic diversity). They also found that the magnitude of the change in beta-

diversity from the first to the third trimester was not related to pre-pregnancy BMI, 

GDM development, or the previous number of births. They measured levels of 

cytokines in stools of the first and third trimester; the proinflammatory cytokines IFN-

g, IL-2, IL-6, and TNF-a were significantly higher in the third trimester in both groups.  

We found five other studies [29-33] that evaluated women’s gut 

microbiota along with gestational diabetes diagnosis. 

 Mokkala et al. [29] studied 75 overweight, and obese women without 

GDM at early pregnancy, from those 15 develop GDM. The gut microbiota differed 

in women who developed GDM from those who did not in class Clostridia and family 

Ruminococcaceae; increased relative abundance of the Ruminococcaceae family 

was associated with higher odds of a positive GDM diagnosis [OR: 1.12 (95% CI 

1.02–1.2; adjusted for BMI, intervention group, gestational weeks, and fat and fiber 

intake, P = 0.017)]. Zheng et al. [30] characterized dynamic gut microbiota changes 

from the first trimester to the second trimester and evaluated their relationship with 

later development of GDM in 144 pregnant women; 31 developed GDM. Compared 

with the control group, the GDM group showed greater pregestational BMI (GDM 
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women had a mean of 22.57 ± 2.85 and healthy pregnant women of 21.32 ± 3.00 

Kg/m2, p = 0.04) and distinct dynamics of gut microbiota, evidenced by axonomic, 

functional, and structural shifts during the two first trimesters. They found a 

consistent decrease in the levels of Coprococcus and Streptococcus in the GDM 

group and minimal interbacterial interactions. 

Ma et al. [31] conducted a case-control study to verify whether the 

changes in gut microbial composition during early pregnancy are linked to the later 

development of GDM. Ninety-eight women with GDM and 98 matched healthy 

controls had their gut microbiota analyzed during early pregnancy (10-15 weeks). 

They found significant differences in pregestational BMI (GDM women had a mean 

of 22.79 ± 3.01 and healthy pregnant women of 20.83 ± 2.65 Kg/m2, p < 0.001) and 

relative abundance between the groups; specifically, Eisenbergiella, Tyzzerella 4, 

and Lachnospiraceae NK4A136 were enriched in the GDM group, whereas 

Parabacteroides, Megasphaera, Eubacterium eligens group remained dominant in 

the controls. 

Zhang et al. conducted a prospective cohort of 837 pregnant women with 

a collection of material to analyze the intestinal microbiota between 22-24 

weeks [32]. One hundred twenty-eight women developed GDM; there was no 

difference in pregestational BMI between the groups. The results showed that the 

group that progressed to GDM had lower α- diversity and lower abundance of 

genera belonging to Ruminococcaceae, Coriobacteriales, and Lachnospiraceae. 

Hu P et al. conducted a nested case-control study among 201 incident 

GDM cases (diagnosed at 24-28 weeks of pregnancy) and 201 matched 

controls [33]. Fecal samples were collected during early pregnancy (at 6-15 weeks). 

In GDM cases versus controls, Rothia, Actinomyces, Bifidobacterium, Adlercreutzia, 

Coriobacteriaceae, and Lachnospiraceae spp. were significantly reduced, while 

Enterobacteriaceae, Ruminococcaceae spp. and Veillonellaceae were over-

represented. In addition, the abundance of Staphylococcus relative to Clostridium, 

Roseburia, and Coriobacteriaceae as reference microorganisms were positively 

correlated with fasting blood glucose, 1-h, and 2-h postprandial glucose levels. 
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DISCUSSION 

Scientific knowledge has been clarifying that the human microbiome 

plays a role in maintaining health and can also mitigate or exacerbate genetic and 

environmental risks for healthy disturbances, such as diabetes [34]. The potential of 

research on human microbiomes lies in understanding how it works to establish and 

maintain a healthy state or how it is associated with diseases, with the future 

perspective of being the focus of prevention of several diseases that affect human 

health, including obesity and insulin resistance. In this scenario, our review showed 

some peculiarities of the microbiome’s differences in women with or without GDM 

throughout the pregnancy trimesters and with different nutritional status. It is 

important to note that the studies included in this systematic review are of good 

methodological quality according to our assessment. 

Most of the studies included in this systematic review showed differences 

in the intestinal microbiota of women with and without GDM. In cross-sectional 

studies, there are differences in alpha and beta diversity, while those with 

prospective design observed that some bacteria abundance could predict GDM 

occurrence. 

It is important to note that the studies included in this systematic review 

are of good methodological quality according to our assessment. 

There are some mechanisms involved in the relationship between 

intestinal microbiota and metabolic diseases. Gram-negative bacteria present on 

their cell surface lipopolysaccharides (LPS) that function as antigens, stimulating 

the host's immune response; therefore, the intestinal microbiota represents an 

extensive reservoir of this endotoxin. The identification of Toll-Like Receptors (TLR) 

showed how the organism recognizes antigens (such as LPS) and how reactions 

occur in pro-inflammatory and metabolic disorders [35]. Another mechanism is 

inhibiting the Fasting Induced Adipose Factor (FIAF), an inhibitor LPL, causing a 

greater absorption of fatty acids and triglyceride accumulation in adipocytes [36]. A 

proposed third mechanism is that the microbiota suppresses muscle fatty acid 

oxidation via mechanisms involving AMP-Q (5'-monophosphate-adenosine protein 

kinase) inhibition, favoring body adiposity and the generation of insulin 
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resistance [37]. The last mechanism concerns sensitivity from intestinal epithelium 

to bacterial products; microbiota enzymes can digest dietary fibers allowing the 

metabolization of non-digestible polysaccharides to monosaccharides and short-

chain fatty acids (SCFA), mainly acetate, propionate, and butyrate. These SCFAs 

represent an important source of energy, favoring body adiposity [38]. 

Obesity per se has been associated with intestinal dysbiosis [39] and is 

a recognized risk factor for GDM [40]. There are differences between an obese 

person's and a lean person's microbiota; these differences are in bacterial richness 

and microbial communities/metabolic capabilities. The genera Bacteroides, 

Parabacteroides, Ruminococcus, Campylobacter, Dialister, Porphyromonas, 

Staphylococcus, and Anaerostipes are more dominant in obese, while 

Faecalibacterium, Bifidobacterium, Lactobacillus, Butyrivibrio, Alistipes, 

Akkermansia, Coprococcus, and Methanobrevibacter were more prevalent in lean 

subjects. There are evidence showing that obese subjects have a reduction in 

butyrate-producing bacteria, a reduction in hydrogen and methane production, and 

an increase in mucus degradation [41]. Contrasting findings among the reported 

studies in our systematic review could be explained, at least in part, by the difference 

in pregestational BMI of the participants; in 12 of the articles in this review, women 

with GDM had greater pregestational BMI. 

The clarification of intestinal microbiota mechanisms of action in human 

health has given biological plausibility to the associations found between the 

microbiome and metabolic alterations. It opens paths for the study of intestinal 

microbiota's role in GDM and the intergenerational implications of metabolic 

diseases.  

The knowledge of some functional roles of the bacteria and its diversity 

that could explain the association between fecal microbiota and GDM and open new 

perspectives for studies and opportunities for future prevention and control 

strategies in this disease. 

Over the second to the third trimester of gestation, four studies showed 

differences in the intestinal microbiota between healthy women and GDM; one of 

them showed an increased relative abundance of Parabacteroides distasonis, 
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Klebsiella variicola, Catenibacterim mitsuokai, Coprococcus 

comes,Enterobactercloacae and Citrobacter spp and other showed increase in 

Blautia and Eubacterium_hallii_group and decreased in Faecalibacterium and 

Subdoligranulum in GDM mothers. They also showed decreased microbes in GDM 

like Bifidobacterium spp., Eubacterium spp.and Roseburia spp. Parabacteroides 

distasonis are considered to be opportunistic pathogens in infectious with potential 

for developing antimicrobial drug resistance but decreases obesity and obesity-

related dysfunctions in mice [42].  Enterobacterium indicates a status of gut flora 

dysbiosis that may lead to a series of chronic diseases, such as colitis and Crohn's 

disease; they contributed to the development of obesity gnotobiotic mice [43]. In 

other study, Blautia was presented with enriched abundance in glucose-intolerant 

individuals and people with high BMI [44] while Bifidobacterium spp., Eubacterium 

spp., and Roseburia spp., that showed to be decreased in GDM [17-19], can 

produce lactate or butyrate, which could regulate gut permeability and induce the 

gut inflammatory response [45]. 

Most of the studies found in our review were on the analysis of the 

intestinal microbiota in the third trimester of pregnancy; in all of them, there were 

differences in alfa diversity (the total number of species in a habitat), and beta 

diversity (the difference of species composition along an environmental gradient) 

between healthy pregnant women and those with GDM. Liu et al. and Wu et al. 

showed differences in diversity; one showed lower alpha diversity in GDM 

mothers [19], and the other that there were differences in β diversity between GDM 

and healthy pregnant women [16,18,20]. The studies in the third trimester also 

showed differences in the relative abundance of bacteria [16-23]; there was an 

increase in proportions of Collinsella, Rothia, Desulfovibrio, Ruminococcus, 

Eubacterium, Prevotella, Gammaproteobacteria, Haemophilus, Streptococcus, 

Veillonella, Prevotella, Actinomyces, Bacteroides dorei, Bacteroides sp, 

Fusobacteria and Verrucomicrobia in the gut microbiota of GDM mothers comparing 

to healthy mothers. Some studies have investigated the functional role of some of 

these bacteria, showing their association with metabolic status and insulin 

resistance, and their potential to influence inflammatory and immune responses. 

Prevotella is one of the main species driving the association between biosynthesis 
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of branched-chain amino acids and insulin resistance [46] and may contribute to 

increased gut permeability [47]; some studies reported that the relative abundance 

of Prevotella was positively associated with T2D and obesity [48,49]. The 

Bacteroides genus permeates the gut microbiome of persons eating diets rich in 

animal fats[50]; B. dorei may contribute to the onset of type 1 diabetes in Finnish 

children[51] and could modulate the metabolic background of pregnant women 

through interacting with the immune system regulators, leading to dysbiosis[20]. 

Gammaproteobacteria, a Gram-negative bacteria, is related to inflammatory 

response and insulin resistance; its outer membrane contains lipopolysaccharide 

and the endotoxin they produce can be combined with TLR4 (Toll-like receptors 4, 

TLR4), leading to an inflammatory environment in the gastrointestinal tract [52]. 

Streptococcus may contribute to the development of hypertension by changing 

vascular tension [53]. Desulfovibrium is enriched in the 2TD microbiota [54], and 

Collinsella is associated with increased basal insulin levels and increased HOMA IR 

in normal pregnancies [55]. 

The study of Wang et al. [23] found that GDM mothers had lower 

proportion of Faecalibacterium than healthy pregnant women, which has been also 

shown in T2DM people [56]. Faecalibacterium prausnitzii is an abundant intestinal 

microbe comprising approximately 4% of the mainly luminal microbiota; F. 

prausnitzii could have a protective effect, in part due to the enhancement of tight 

junction proteins in the epithelial cells, promoting barrier function. Patients with 

obesity has reduced abundances of F. prausnitzii [57]. 

One study, not included in this systematic review because of the lack of 

control group,  evaluated the gut microbiota of 41 GDM patients at two moments: at 

24–28 weeks and 38 weeks of gestational age [58] and found that α-diversity 

significantly increased (p < 0.001) during pregnancy, and women who were adherent 

to the dietary recommendations showed a significant decrease in Bacteroides 

showing a better metabolic and inflammatory pattern at the end of the study.  

Type 2 Diabetes (T2D) patients exhibit remarkable endotoxemia 

exhibiting an altered gut microbial profile, with decreased butyrate-producing 

bacteria such as Ruminococcus intestinalis and F. prausnitzii [54]. The functional 

capacity of the T2D gut microbiota was associated with enrichment in the membrane 
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transport of sugars, oxidative stress responses, branched-chain amino acid 

transport, sulfate reduction, and decreased butyrate biosynthesis. 

Koren et al. [7] showed that gut microbiota changed from first to third 

trimesters of pregnancy, but they conclude that change in beta-diversity was not 

related to GDM development. It is important to note that this study did not categorize 

pregnant women by BMI; it is well known that BMI plays a role in intestinal 

microbiota [41]. Unlike this data, five other papers investigated the gut microbiota 

during pregnancy and showed a difference between healthy patients and those who 

developed GDM [29-33]; in three of them [29,32,33], the BMI was similar between 

the groups. 

The limitation of this review is that individuals have distinct bacterial 

compositions, partly genetically defined and partly determined by individual and 

environmental characteristics, such as age and eating habits, which results in 

extensive intra and inter-individual variability that were not fully evaluated in those 

studies. It is important to reinforce that stool communities are especially diverse in 

terms of community membership [57]. These determinants could explain why there 

were differences in the type of bacteria in the samples studied. In this context, an 

important limitation is that most of the studies included participants with different 

pre-gestational BMI, and obesity has a central role in microbiota composition and 

diversity as previously demonstrated[39]. We emphasize the importance of more 

studies in pregnant women with and without GDM, but weight-matched. 

 

CONCLUSION 

This systematic review involving 23 studies showed that there is a 

relationship between the intestinal microbiota and GDM, with the abundance of 

some bacteria related to altered glucose metabolism and less alfa and beta 

diversity; gut microbiota could be a biomarker for early detection of GDM and could 

be considered a potential target for modification to reduce the risk of GDM. 
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Figure 1. Flow chart (PRISMA) showing the systematic review studies selection. 
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Figure 2. Main differences regarding intestinal microbiota found between women with and 

without gestational diabetes. 
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Table 1. Characteristics of studies included in the systematic review. 

Reference 

number 

First 

author 

Type of the 

study 

Location 

of the 

study 

Total 

sample 

size 

Number 

with 

GDM 

Number 

of 

CONTROL 

Exposure: 

Trimester 

evaluation 

of Gut 

microbiota Outcome 

Differences found in relative  

abundance of OTUs 

Differences 

in diversity 

Quality 

Assessment GDM Control 

7 Koren O  

et al 

Prospective 

Cohort 

Finland 91 15 76 First and 

Third 

trimesters 

Progression 

to GDM 

--- --- ---- 9/12 

12 Kuang YS  

et al 

Cross 

Sectional 

China 127 46 81 Second to 

third 

trimester 

GDM status ↑ Parabacteroides 

distasonis, Klebsiella 

variicola, 

Catenibacterim 

mitsuokai, Coprococcus 

comes and Citrobacter 

spp 

↑ Methanobrevibacter 

smithii, Alistipes spp., 

Bifidobacterium spp. 

and Eubacterium spp. 

α and β 

diversity 

4/8 

13 Ye G  

et al 

Cross 

Sectional 

China 52 36 16 Second to 

third 

trimester 

GDM status ↑ Blautia and 

Eubacterium_hallii_gro

up 

↓ Faecalibacterium, 

Subdoligranulum   

Phascolarctobacterium 

and Roseburia 

↑ Faecalibacterium --- 7/8 

14 Chen T  

et al 

Case Control China 330 110 220 Second 

trimester 

GDM status ↑Bacteroides, Dialister 

and Campylobacter, 

and an unassigned 

genus of 

Enterococcaceae 

↑ Gemmiger and 

Bifidobacterium, and 

unassigned genera of 

Clostridiales and 

Ruminococcaceae 

α and β 

diversity 

8/10 

15 Mullins  

et al 

Retrospective 

Cohort 

Australia 58 29 29 Second to 

third 

trimester 

GDM status ↑ Eggerthella ↑ Unclassified.RF39, 

Desulfovibrio and 

Dehalobacterium 

α diversity 11/12 
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16 Crusell 

MKW  

et al 

Prospective 

Cohort 

Denmark 207 50 157 Third 

trimester 

GDM status ↑ Collinsella, Rothia, 

Desulfovibrio,  

Leuconostoc,  

Granulicatella and  

Mogibacterium 

↑ Marvinbryantia, 

Acetivibrio and 

Anaerosporobacter 

----- 11/12 

17 Cortez 

RV  

et al 

Cross 

Sectional 

Brasil 68 26 42 Third 

Trimester 

GDM status ↑ Lachnospiraceae, 

Collinsella, 

Christensenellaceae, 

Dorea, 

Subdoligranulum, and 

Ruminococcus 

↑ Eubacterium α diversity 6/8 

18 Xu Cross 

Sectional 

China 121 30 91 Third 

Trimester 

GDM status ↑ 

Gammaproteobacteria 

and Haemophilus 

 β diversity 9/10 

19 Liu H  

et al 

Cross 

Sectional 

China 45 23 22 Third 

trimester 

GDM status ↑ Roseburia, 

Bacteroides and 

Lachnospiraceae 

 

↑ Faecalibacterium, 

Bacteroides and 

Roseburia 

α and β  

diversity 

6/8 

20 Wu Y Cross 

sectional 

China 199 60 139 Third 

trimester 

GDM status ↑ Bacteroides dorei 

and  Bacteroides sp 

↑ Alistipes putredinis 

and Lactobacillus 

casei 

β diversity 6/8 

21 Cui M  

et al 

Cross 

Sectional 

China 81 19 37 Third 

trimester 

GDM status Staphylococcus, 

Lactococcus, 

Escherichia, 

Streptococcus, 

Enterococcus, and 

Lactobacillus 

↑ Enterococcus, 

Lactococcus, 

Clostridium, 

Staphylococcus, 

Lactobacillus, 

Bifidobacterium, 

Escherichia 

α and β 

diversity 

7/8 

22 Hou M  

et al 

Cross 

Sectional 

China 111 61 50 Third 

trimester 

GDM status ↑ Fusobacteria, 

Verrucomicrobia, and 

Actinobacteria 

↑ Firmicutes β diversity 7/8 
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23 Wang  

et al 

Cross 

sectional 

China 147 74 73 Third 

trimester 

GDM status ↓Faecalibacterium/Fu

sobacterium ratios 

 ---- 6/8 

24 Li et al Cross 

Sectional 

China 52 23 29 Third 

trimester 

GDM status ↑ 

Firmicutes/Bacteroides 

 α diversity 7/8 

25 Chen F  

et al 

Cross 

Sectional 

China 58 30 28 Third 

trimester 

GDM status ↑ Corynebacterium 

spp., Lactobacillus spp. 

and Blautia 

hydrogenotrophica 

↑ Bacteroides spp., 

Bifidobacterium spp., 

Clostridium spp., 

Eubacterium spp., and 

Prevotella spp. 

β diversity 8/8 

26 Wei  

et al 

Croos 

sectional 

China 33 13 20 Third 

trimester 

GDM status ↑ Clostridiales, 

Clostridia, and 

Firmicutes 

↑ Bacteroidetes, 

Bacteroidia, and 

Bacteroidales 

β diversity 7/8 

27 Festa  

et al 

Croos 

sectional 

Italy 29 14 15 Third 

trimester 

GDM status ↑ Bacteroides caccae, 

Bacteroides 

massiliensis, and 

Bacteroides 

thetaiotaomicron 

↓ Bacteroides 

vulgatus, Eubacterium 

eligens, Lactobacillus 

rogosae, and Prevotella 

copri 

 --- 6/8 

28 Wang X  

et al 

Croos 

sectional 

China 107 59 48 Third 

trimester 

GDM satus ↑ Lachnospiraceae 

↓ Enterobacteriaceae 

and Ruminococcaceae. 

 β diversity 7/8 

29 Mokkala 

K 

et al 

Prospective 

Cohort 

Finland 75 15 60 First and 

Third 

trimesters 

Progression 

to GDM 

↑ Ruminococcaceae  β diversity 10/12 

30 Zheng W  

et al 

Prospective 

Cohort 

China 134 31 103 First and 

Third 

trimesters 

Progression 

to GDM 

↑ Holdemania, 

Megasphaera,and 

Eggerthella 

↑ Flavonifractor, 

Coprococcus and 

Streptococcus 

α diversity 11/12 
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31 Ma S  

et al 

Case Control China 196 98 98 First 

trimester 

Progression 

to GDM 

↑ Eisenbergiella, 

Tyzzerella 4, and 

Lachnospiraceae 

NK4A136 

↑ Parabacteroides, 

Megasphaera, 

Eubacterium eligen, 

Parasutterella, 

Ruminococcaceae and 

Eubacterium eligens 

α diversity 9/10 

32 Zhang  

et al 

Prospective 

Cohort 

China 837 128 709 Second 

trimester 

Progression 

to GDM 

↓ Ruminococcaceae, 

Coriobacteriales, and 

Lachnospiraceae 

 α and β 

diversity 

11/12 

33 Hu P  

et al 

Case Control China 402 201 201 First 

trimester 

Progression 

to GDM 

↓ Rothia, 

Actinomyces, 

Bifidobacterium, 

Adlercreutzia, and 

Coriobacteriaceae, and 

Lachnospiraceae spp. 

↑ Enterobacteriaceae, 

Ruminococcaceae spp. 

and Veillonellaceae 

  9/10 
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ABSTRACT 

Background: High prevalence rates of gestational diabetes mellitus (GDM) is a 

public health concern worldwide. The mechanism that leads to glucose tolerance 

beyond normal physiological levels to pathogenic conditions remains incompletely 

understood, and it is speculated that the maternal microbiome may play an 

important role. We analyzed the gut microbiota composition in each trimester of 

weight-matched women with and without GDM and examined possible bacterial 

genera associations with GDM. Material and Methods: This study followed 115 

pregnant women with (n=56) or without GDM (n=59) admitted at the outpatient clinic 

during their first/second or third trimester of gestation. They were submitted to a 

standardized questionnaire, dietary recalls, clinical examination, and biological 

samples collection. The molecular profile of the fecal microbiota was obtained by 

sequencing V4 region of 16S rRNA gene (Illumina® MiSeq) and R package used 

for analyses. Groups were compared using Student t-test and Mann Whitney or chi-

squared test.  Results: Women with GDM were older [33.2(6.2) vs. 28.1 (5.9)] and 

had a higher number of pregnancies than normal-tolerant ones. Despite having 

similar body mass index (BMI), women with GDM had greater neck circumference. 

Compared to macronutrient intakes, non-diabetic group consumed more 

carbohydrates and less protein in the first and second gestational trimesters, than 

the GDM ones and less protein in the third trimester. There was no difference in the 

alpha diversity, and groups did not differ regarding the overall microbiota structure. 

A higher abundance of Bacteroides in GDM group was found. A positive correlation 

between Christensenellaceae and Intestinobacter abundances with 1-hour post-

challenge plasma glucose and a negative correlation between Enterococcus and 2-

hour plasma glucose level were observed. Bifidobacterium and Peptococcus 

abundances were increased in the third gestational trimester for both groups. 

Conclusion: The gut microbiota composition was not dependent on the presence 

of GDM weight-matched women during the whole gestation.  However, some 

genera abundances showed associations with glucose metabolism. Thus, our 

findings may motivate deepening the knowledge about physiological and 

pathophysiological changes in the microbiota throughout pregnancy, which could 

have further implications for diseases prevention. 

Keywords: Gestational Diabetes Mellitus, Gut Microbiota, Obesity, Pregnancy 
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INTRODUCTION 

Gestational diabetes mellitus (GDM) is defined as hyperglycemia first 

diagnosed during pregnancy, which does not fulfill the criteria for overt diabetes and 

is the most frequent endocrine disorder of pregnancy [1].  In Brazil, it is estimated 

that 18% of women develop GDM using the IADPSG criteria [2].  

It is well known that hyperglycemia during gestation confers significant 

risks for adverse outcomes for the mother and the offspring [3]. In addition to 

increased gestational complications, GDM has been associated with increased 

cardiowametabolic risk during the mother and offspring’s lifespan [4-7]. 

Underlying mechanisms of glucose metabolism disturbance during 

gestation remain incompletely understood. There is evidence that the maternal 

microbiota may play a role [8]. Associations of the gut microbiota composition with 

body weight and conditions of insulin resistance have been reported [9,10]. Some 

genera – such as the Akkermansia [11] – have been associated with type 2 

diabetes, and some pathways have been proposed [12]. As far as GDM is 

concerned, heterogeneous data linking the gut microbiota with GDM across the 

gestation trimesters have been found [13,14]. 

Even during normal gestation, changes in the gut microbiota of healthy 

pregnant women have been documented from the first to the third trimester [15]. 

Comparisons between gut microbiota characteristics of normoglycemic pregnant 

women and those with GDM have been recently reported [16-19]. However, these 

data are still scarce among populations, and confounders have limited to interpret 

the findings. Adjustments for body adiposity, gestational stage as well as therapeutic 

approach seem to be necessary. However, these data are still scarce, and some 

questions remain open.  

Therefore, the objective of this study was to analyze the gut microbiota 

composition in each gestational trimester of weight-matched pregnant women with 

and without GDM and examine possible associations of bacterial genera with GDM.  
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MATERIALS AND METHODS 

Study population and design 

From September 2018 to December 2019, all pregnant women attending 

the Normal Gestation Out-patient Clinic of Obstetrics Division and Gestational 

Diabetes Out-patient Clinic of Diabetes Center of Federal University of São Paulo, 

SP, Brazil, were invited to participate in the present study. The institutional ethics 

committee of the Federal University of São Paulo approved the study, and all 

participants had signed a consent form [21]. 

Eligibility criteria were age > 18 years, in any trimester of gestation, 

without known autoimmune disease or chronic use of medications, particularly 

metformin, or inflammatory bowel disease. A total of 143 pregnant women were 

included in the study; 69 had developed GDM, and 74 norm tolerant pregnant 

women were considered controls. For 117, stool samples were obtained during the 

gestational period (first or second trimester and third trimester). We excluded 

women who had used antibiotics, laxatives, or probiotics in the last 30 days to collect 

stool samples. After exclusion criteria, stool samples were available for 56 women 

with GDM and 59 without GDM.  

IAPDSG criteria was used for GDM diagnosis, which is similar to the 

Brazilian guideline [22]. However, in this study, GDM was diagnosed when fasting 

plasma glucose was greater than 100 mg/dL in the first trimester or when at least 

two points were abnormal during the 75-g oral glucose tolerance (OGTT) (> 92, 

> 180, > 153 mg/dL) in the third trimester. These criteria were employed to exclude 

borderline cases of GDM since, in previous studies, gut microbiota comparisons 

between normal pregnant women and those with mild hyperglycemia had 

differences in composition minimized [17]. 

The women were enrolled in the study in the first trimester (control=54 

and GDM=36), and some in the third (n=18), if the mother was diagnosed with 

gestational diabetes between 24 and 28 weeks of gestation. The study design was 

longitudinal, and, in each trimester, the participants were submitted to standardized 

questionnaires and clinical data collection. 
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Standardized Questionnaires 

Through standardized questionnaires, completed under the supervision 

of trained interviewers, demographic, socioeconomic, lifestyle data, pre-pregnancy 

weight, and morbid personal and family history of the mother were obtained in the 

first and third trimesters of pregnancy. 

 

Clinical data 

Pre-pregnancy weight was self-reported at the first visit to the Clinics. 

Weight was obtained on a digital scale (Rice Lake, São Paulo) with an accuracy of 

100 g and height precision of 0.5 cm, and these were used to calculate BMI. The 

neck circumference was measured with non-flexible tape (cm) immediately below 

the cricoid cartilage and perpendicular to the neck’s long axis, with the participant 

seated. Blood pressure was taken seated three times after a 5-minute rest, using a 

mercury sphygmomanometer, with the cuff adjusted for the brachial circumference. 

Values considered were the arithmetic mean of the last two measurements.  

 

Dietary assessment 

Participants were oriented to register all foods and beverages consumed 

over three days, and to write down foods consumed outside the home. A nutritionist 

showed how to record the information using traditional homemade utensils (cups, 

cups, cutlery, and plates) and food models. Registers must be on alternate days and 

covering a weekend day [23]. The total energy, macro, and micronutrient intakes 

were calculated using Diet Pro software [24], using as reference the Brazilian Food 

Composition Table (TACO) [25]. 

 

Stool collection 

Fecal samples were collected at home, in a supplied and standardized 

container, and delivered during the visit to the clinic with a maximum of 24 hours of 

storage at 2 to 5°C. One researcher was responsible for following a standardized 
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procedure (antiseptic handling, collection of aliquots in sterile cryotubes, and 

immediate freezing at 2-80). Aliquots were stored at -80°C until DNA extraction. 

 

Laboratory tests  

Routine prenatal care laboratory data, including fasting plasma glucose 

and lipid profile, were collected at entry and during the gestational period. Plasma 

glucose was determined by the glucose oxidase method. Concentrations of total 

cholesterol, HDL-c, and triglycerides were measured by enzymatic colorimetric 

methods, processed in an automatic analyzer. LDL-c and VLDL-c were calculated 

using the Friedewald equation. 

 

Analytic Methods 

 Initially, bacterial DNA from stool samples was extracted using the 

QIAamp DNA Stool Mini Kit (Qiagen). The V4 region of the 16S rRNA gene was 

amplified by 25 cycles, using the previously described primers and conditions [26]. 

Negative controls with a buffer from the DNA extraction kit were included in the PCR 

runs. The amplicons were pooled and loaded onto Illumina MiSeq clamshell-style 

cartridge kit v2 at 500 cycles for paired-end 250 sequencing at a final concentration 

of 12 pM. The library was clustered to a density of approximately 820 k/mm². 

Sequencing is based on a pool of 100 samples on two GS FLX Picotiter Plate plates, 

totaling two races. Thus, around 95.000 reads were obtained for each sample. The 

raw read files were processed in the R environment using the dada2 package [27]. 

During the process, the primers were removed, and the forward and reverse 

sequences were cut to 180 and 160 bases, respectively. Strings that contained more 

than two expected errors were removed. The filtered sequences had their errors 

corrected by the algorithm and were joined to form the ASVs (Amplicon Sequence 

Variants). The chimeric sequences were also removed, and a sample count table 

was generated. The taxonomic classification was made using the tag.me package 

[28] using the model 515F-806R. The beta diversity was calculated using the 

Jensen-Shannon Divergence matrix on PCoA analysis performed by the ade4 R 

package [29] for each library, and its analysis refers to the variety and complexity of 
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species in a community. We use the Chao1 wealth estimate and Shannon and 

Simpson's diversity indexes to calculate the alpha diversity. Alpha diversity is the 

total number of species in a habitat and beta diversity is the difference of species 

composition along an environmental gradient [30]. 

 

Statistical analysis 

Analyses were performed considering gestational trimester of collection 

and group of pregnant women stratified according to the presence of GDM. 

Continuous variables were presented as mean (Standard Deviation) and 

categorical variables as frequency (percentage). Clinical and laboratory variables 

were compared by Student t-test and Mann Whitney (continuous variables) or Qui-

squared test (categorical variables).  A p-value < 0.05 was considered statistically 

significant. Statistical Package for the Social Sciences®, version 22.0 was used. 

Microbiota analyses and graphics were performed using R software. For differences 

in the microbiota composition, PERMANOVA was performed for each site using 

Adonis function in vegan with Jensen-Shannon distances. For each variable, 999 

permutations were made. The Wald test of the DESeq2 package [10.1186 / s13059-

014-0550-8] and an adjusted p-value filter of p<0.01 were used to identify the 

differentially abundant genera. 

 

RESULTS 

The baseline characteristics of the participants in the cohort are displayed 

in Table 1. Women with GDM were older, had a higher number of pregnancies, and 

tended to a higher frequency of family history of diabetes. On average, women from 

both groups were overweight or obese before pregnancy. 
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Table 1. Baseline Characteristics of Pregnant Women with or without GDM. 

 Control (n=60) GDM (n=56) p 

Age (years) 28.1 (5.9) 33.2 (6.2) < 0.01 

Pregestational BMI (kg/m2) 29.2 (3.7) 30.2 (3.9) 0.39 

Race, n (%)   0.72 

Caucasian 25 (42.4) 22 (39.3)  

Black 12 (20.0) 10 (17.9)  

Mulatto 23 (38.3) 23 (41.1)  

Schooling, n (%)   0.22 

Up to 7 years 1 (1.7) 7 (12.5)  

8 to 13 years 43 76.3) 37 (66.1)  

≥ 14 years 13 (22.0) 12 (21.4)  

Number of pregnancies   0.01 

1 pregnancy 24 (40.6) 9 (16.1)  

2 pregnancies 17 (28.8) 15 (26.8)  

3 or more pregnancies 18 (30.6) 32 (57.1)  

Family History of diabetes, n (%) 16 (27.1) 24 (43.6) 0.07 

Gestational weight gain (kgs) 10.7 (6.3) 9.2 (5.8) 0.24 

Pregestational physical activity ≥   
150 minutes per week, n (%) 

18 (30.0) 18 (32.0) 0.36 

Student t-test (continuous variables) or chi-square (qualitative variables) were used. 

  

Fifty-four control women and 36 women with GDM were analyzed 

between the first and the second gestational trimester; GDM women had greater 

neck circumference (35.9  2.9 vs. 34.4  1.8, p=0.007) and reported having had 

food counseling (p<0,001) (Table 2). 

In the third trimester, 55 control women and 54 GDM women were 

analyzed. GDM group had higher mean values of neck circumference (36.4  2.4 vs 

34.6  2.1, p<0.01), higher systolic blood pressure (117+11 vs 109+10, p<0,01) and 

reported more dietary counselling (p<0,01) (Table 2). Gestational weight gain was 

similar in the two groups (p=0.24). When we subdivide the groups into overweight 

and obesity, the gestational weight gain was 11,3 kgs (5.7) for the overweight control 

group and 10.2 kgs (5.7) for the overweight GDM group (p=0.47), and 9.3 kgs (7.7) 
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for the obese control group and 8.2 kgs (5.8) for the obese GDM group (p=0.54)-

data not shown. 

The dietary assessment showed that the control group consumed more 

carbohydrates (p=0.01) and less protein (p=0.00) in the first and second trimesters; 

in the third trimester, the control group consumed less protein also (0.02), but the 

other differences disappeared (Table 2).  

 

Table 2. Clinical characteristics and behavioral habits of pregnant women with or 

without GDM during the pregnancy 

 First/Second Trimester  Third Trimester  

 Control GDM P Control GDM p 

 n=54 n=36  n=55 n=54  

Gestational age(weeks) 19.4 (4.2) 19.0 (5.2) 0.71 33.5 (2.4) 32.9 (2.3) 0.25 

Physical activity (%) 27 (49.1) 22 (62.9) 0.20 25 (46.3) 24.0 (53.8) 0.99 

Smoking (%) 0 3 (8.6) 0.27 0 0 -- 

Alcohol consumption (%) 2 (3.6) 1 (2.9) 0.84 0 0 -- 

Dietary orientation (%) 22 (40.7) 36 (100) <0.01 24 (45.3) 52.0 (100) <0.01 

Neck circumference(cm) 34.5 (1.8) 35.9 (2.9) 0.07 34.6 (2.1) 36.5 (2.4) <0.01 

Systolic blood pressure (mmHg) 109 (12.4) 112 (11.4) 0.25 108 (9.9) 117 (11.6) <0.01 

Diastolic blood pressure (mmHg) 68 (10.4) 69 (9.1) 0.49 67 (9.1) 72 (11.1) 0.09 

Dietary data# n=40 n=18  n=48 n=44  

Energy intake (kcals) 
1940 

(1385-2504) 
1294 

(1145-1880) 
0.01 

1789 
(1439-2137) 

1654 
(1479-1942) 

0.49 

Carbohydrates (%TEI) 
47.7 

(43.2-57.5) 
40.3 

(34.7-49.2) 
0.01 

48.6 
(42.4-57.6) 

45.1 
(40.9-54.8) 

0.14 

Proteins (%TEI) 
13.1 

(11.3-17.5) 
24.8 

(18.9-27.8) 
0.00 

15.6 
(11.4-20.3) 

18.7 
(15.4-25.9) 

0.02 

Lipids (%TEI) 
37.2 

(28.4-41.3) 
33.7 

(27.0-40.3) 
0.73 

32.9 
(28.5-39.9) 

33.9 
(29.5-38.5) 

0.74 

Saturated Fat (% TEI) 
10.5 

(6.9-13.8) 
8.6 

(6.5-10.9) 
0.47 

8.4 
(6.3-11.5) 

9.3 
(5.7-11.0) 

0.96 

Monounsaturated Fat (% TEI) 
8.9 

(6.3-11.8) 
8.6 

(6.2-13.7) 
0.83 

8.6 
(6.4-12.1) 

9.9 
(6.1-11.7) 

0.71 

Polyunsaturated Fat (% TEI) 
7.2 

(5.8-10.3) 
9.4 

(7.8-11.7) 
0.07 

8.1 
(5.6-10.3) 

8.6 
(6.6-10.6) 

0.33 

Total Fiber (g) 
7.8 

(5.2-15.3) 
11.8 

(8.5-13.4) 
0.17 

8.9 
(5.6-13.4) 

8.6 
(6.2-13.4) 

0.87 

Student t-test and Mann Whitney# (continuous variables) or chi-square (qualitative variables) were used. 

TEI: total energy intake 
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Regarding the routine exams performed during pregnancy, women with 

GDM had higher mean values of HbA1c (p=0.027), triglycerides, and plasma fasting 

blood glucose and at all points of the OGTT in the third trimester (Table 3). 

 

Table 3. Laboratory data obtained in the third trimester of pregnancy of women 

without and with GDM. 

 Without DMG With DMG p 

Fasting blood glucose (mg/dL) 85.2 (5.8) 99.3 (12.6) <0.01 

OGTT:    

Fasting (mg/dL) 81.4 (12.4) 99.3 (21.9) <0.01 

1 hour (mg/dL) 126.4 (27.0) 185.8 (33.1) <0.01 

2 hours (mg/dL) 109.9 (20.2) 169.9 (38.4) <0.01 

HbA1c (%) 5.2 (0.1) 5.7 (0.5) 0.03 

Total Cholesterol (mg/dL) 185.2 (33.7) 206 (44.8) 0.18 

HDL- Cholesterol (mg/dL) 63.8 (14.6) 62.0 (15.2) 0.73 

LDL- Cholesterol (mg/dL) 96.3 (29.6) 114.2 (36.6) 0.16 

Triglycerides (mg/dL) 133.0 (53.9) 196.8 (68.6) 0.01 

OGTT: oral glucose tolerance test. Student t-test (continuous variables) was used. 

 

Microbiota Composition 

There was no difference in alpha diversity between the control and the 

GDM groups. The overall structure of the microbiota did not differ, either (Figure 1, 

panel A). The comparison of microbiota composition between the groups across 

gestation showed no significant difference (Figure 1, panel B). 
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Figure 1. Microbiota structure of the total sample (panel A) and groups of normal and GDM 

participants (panel B) across gestation. Axes percentages represent the amount of variation in 

the data explained by the axis, calculated from the eigenvalues of PCoA (main coordinate 

analysis). The axes intervals represent the relative dissimilarity present between the samples. 

 

Then, the comparisons of genera abundances verified a greater taxon of 

Bifidobacterium and Peptococcus in the third trimester (Figure 2, panel A) than in 

the first/second trimesters. Bacteroides genus was more abundant in women with 

GDM (Figure 2, panel B) compared to those without GDM. 

  

Panel A 

Time, trimester of pregnancy: T1, first or 
second trimesters of gestation; T2, third 
trimester of gestation. 

 

 

Panel B 

GDM: 0, without GDM; 1, with GDM 
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Panel A                        Panel B 

Figure 2. Abundance of selected genera according to trimester of pregnancy (panel A) and 

presence of gestational diabetes (panel B). 

 

Correlations between fasting and post load plasma glucose with the 

bacterial community structure were tested. A positive correlation between 

Christensenellaceae family and Intestinobacter with 1-hour post load plasma 

glucose level and a negative correlation between Enterococcus and s 2-hour post 

load plasma glucose level were observed (Figure 3).  

  

Panel A Panel B 
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Figure 3. Correlation between bacteria and fasting and post load plasma glucose in the third 

trimester of pregnancy. 

 

DISCUSSION 

Our study had the unique opportunity of comparing the gut microbiota 

composition in each gestational trimester of weight-matched Brazilian women with 

and without GDM and detected that GDM was not associated with changes in the 

microbiota structure throughout the pregnancy. However, differences in the relative 

abundance of some bacteria in all women by gestational trimester and in those who 

developed GDM were detected, as well as correlations of some genera or families 

with plasma glucose levels. 

The lack of difference overall structure of the microbiota (beta diversity) 

throughout the trimesters of pregnancy in our sample is similar to the findings of a 

study in which three periods (11-13, 23-28, and 33-38 weeks) were considered [31]; 

the alpha and beta diversity of the microbiota of the pregnant women remained 

unchanged during the entire pregnancy. Contrasting findings have also been 

reported [32,33]. Koren et al. [15] found a reduction in diversity throughout gestation 

and increased Proteobacteria and Actinobacteria, but these changes were not 
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related to the GDM occurrence.  Proteobacteria are gram-negative bacteria with a 

lipopolysaccharide-containing outer membrane and have been observed repeatedly 

for inflammation-associated dysbiosis [34]. On the other hand, Actinobacteria, a 

gram-positive, filamentous, mostly aerobic, spore-bearing bacteria, was present 

significantly less abundant among diabetes patients than among the controls in the 

oral microbiota [35]. In a follow-up of 75 overweight or obese Finland pregnant 

women, 15 changed their composition, but only the subset who developed GDM 

had an increased abundance in the Ruminococcaceae, a family of anaerobe 

bacteria in the class Clostridia [16]. A similar study, evaluating fecal microbiota 

profiles from overweight and obese pregnant women, showed that a high 

abundance of family Ruminococcaceae in early pregnancy might be related to 

adverse metabolic health [14].  

About relative abundance, we found that two bacteria had greater relative 

abundance in the third trimester, Bifidobacterium and Peptococcus, independent of 

GDM status. Bifidobacterium includes anaerobic bacteria representing one of the 

largest groups of bacteria that make up the intestinal microbiota and promotes 

health benefits to their hosts.  A study showed that Bifidobacterium taxa was higher 

in normal-weight pregnant women than in overweight pregnant women, and a 

similar trend was seen in those with normal gestational weight gain compared to 

excessive weight gain over pregnancy [36]. We speculate that a relatively higher 

abundance of this genus could confer protection against excessive weight gain in 

our participants. Despite being overweight or obese, most pregnant women in our 

study had adequate gestational weight gain, according to the Institute of 

Medicine [37]. As a matter of fact, Collado et al. [38] reported that the difference in 

Bifidobacterium genus numbers between the third and first trimesters of pregnancy 

correlates with normal weight gain over pregnancy, reinforcing a protective role for 

Bifidobacterium. Peptococcus is a genus of gram-positive, non-spore-forming, 

anaerobic or microaerophilic bacteria. In animals, prenatal stress was investigated 

in association with neurodevelopmental, cardiovascular, and metabolic disorders in 

the offspring [39]. Investigators showed that prenatally stressed animals increased 

the abundances of Oscillibacter, Anaerotruncus, and Peptococcus genera. Also, in 

humans, the last trimester of pregnant women could be considered the most 
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stressful one. Another study evaluates the benefit of fermentable dietary fiber 

ingestion on rats; they showed that the fiber ingestion decreased the abundance of 

pathogen taxa associated with obesity, inflammation, and aging, including 

Desulfovibrio (Proteobacteria phylum), Ruminiclostridium 9, Lachnoclostridium, 

Helicobacteria, Oscillibacter, Alistipes, Peptococcus, and Rikenella [40]. 

As far as the occurrence of GDM is concerned, the alfa and beta 

diversities did not disclose differences between our GDM and not GDM groups, 

although the relative abundance of specific bacteria did. Following our results, 

Cortez et al. [17] found no statistical difference in microbiota composition of 26 

Brazilian women with GDM and 42 controls. Such concordance of studies including 

women with similar ancestry is relevant considering the role of environmental factors 

(mainly dietary habits) to the gut microbiota structure. A strength of ours was the 

inclusion of weight-matched women in the study groups since an influence of BMI 

on microbiota composition had been described [41]. Obesity per se has been 

associated with intestinal dysbiosis [9] and is a recognized risk factor for GDM [42]. 

Contrasting findings among the reported studies could be explained, at least in part, 

by the difference in pregestational BMI of the participants. Such potential 

confounder was minimized in our study. In addition, in an attempt to assure the GDM 

diagnosis, avoiding near-normal metabolic status, women were considered diabetic 

only when two or more points were altered in OGTT. Studies conducted in distinct 

populations reported differences in diversity and/or bacterial abundances in 

pregnant women who had or not GDM [32,33]. An increase in 

Gammaproteobacteria and Haemophilus abundances was described in Chinese 

women with GDM compared to norm-tolerant in a cross-sectional study [43]. 

We found a higher relative abundance of Bacteroides in pregnant women 

with GDM. This genus of gram-negative, anaerobic bacteria plays an important role 

in processing complex molecules to simpler ones in the intestine. In fact, it was 

reported that those who eat plenty of protein and animal fats have Bacteroides 

bacteria predominantly, while for those who consume more carbohydrates, the 

Prevotella species dominate [44]. GDM participants during the first/second trimester 

consumed fewer carbohydrates and more proteins, but similar ingestion of lipids. 
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Associations of the gut microbiota with nutrient intakes, anthropometric and 

laboratory variables were previously investigated in 41 GDM women [45]. Those 

who were adherent to the dietary recommendations showed a better metabolic and 

inflammatory pattern at the end of the study with a significant decrease in 

Bacteroides. Our findings are somehow in agreement with previous studies 

considering that our participants with GDM were obese and presumably had a 

proinflammatory and insulin-resistant state. Even before pregnancy, our sample had 

excessive body adiposity. It was previously shown that prepregnancy obesity 

influenced circulating cytokines, chemokine, adipokines, and the gut microbiota, 

characterized by an increased abundance of Bacteroides [46].  

Interesting correlations of bacteria and laboratory markers were found in 

our study, named a positive correlation between Christensenellaceae and 

Intestinobacter with stimulated 1-hour glucose level, and a negative correlation 

between Enterococcus and stimulated 2-hour glucose level. Our finding is in 

agreement with a cross-sectional analysis of gut microbiota profile of healthy and 

with GDM Danish pregnant women in the third trimester and eight months 

postpartum in whom Christensenella genus was associated with increased fasting 

plasma [18]. In other populations, this genus was inversely related to hosting BMI 

[47,48]. To the best of our knowledge, correlations of Intestinibacter in pregnant 

women have not been described. In a clinical trial conducted in 27 healthy young 

Danish men, metformin reduced abundance of Intestinibacter spp. and Clostridium 

spp., and increased abundance of Escherichia/Shigella spp. and Bilophila 

wadsworthia [49]. In another study in normal weight and obese children, 

Intestinibacter, among other genera, was associated with obesity and fasting insulin 

[50]. Animal models have been an important strategy to improve knowledge about 

the role of gut bacteria for some phenotypes such as obesity and diabetes. In this 

sense, Bifidobacteria and Akkermansia muciniphila were associated with favorable 

phenotypes [51], while interaction between Clostridiales and Enterococcus with 

caecal metabolism was proposed to play a role in the development of diabetes [52]. 

The understanding of bacteria associated with glycemia in OGTT can identify 

potential preventive foci. 
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The present study assessed dietary characteristics, but macronutrients’ 

intake did not help to explain differences in GDM occurrence nor microbiota 

composition. Some dietary habits, particularly a cafeteria pattern, were previously 

associated with a proinflammatory status and reduced insulin sensitivity [53]. Our 

findings did not support that the participants who developed GDM could be trigger 

partially by the diet adopted during pregnancy. It is known that is the long-term diet 

strongly associated with the gut microbiome composition [54]. 

A mechanism linking changes in the gut microbiome with GDM involves 

the potential of gram-negative bacteria to induce metabolic endotoxemia. Two 

studies found an increase in pathways related to lipopolysaccharides (LPS) 

biosynthesis in women with GDM [45,55]. Increased intestinal permeability 

facilitated the LPS translocation into the circulation and triggered inflammation which 

deteriorates insulin signaling in pregnant women, leading to glucose intolerance.  

In our study, potential confounders in associations were minimized since 

participants were weight-matched and were not taking metformin [56,57]. Insulin 

was the only treatment prescribed for GDM patients in our Clinics. In addition, the 

diet habits of both groups were similar during the follow-up.  

Our study has limitations. All participants were overweight or obese, which 

impedes extrapolate results for other BMI categories. Investigations on pregnant 

women's gut microbiota with excessive adiposity were reported but not including 

GDM58. We highlighted the strength of establishing GDM diagnosis only in women 

with 2 abnormal values in the OGTT and/or fasting glycemia above 100 mg/dL. 

 

CONCLUSION 

In summary, we conclude that in weight-matched Brazilian pregnant 

women, the gut microbiota composition may change at the last gestational trimester 

independent of the presence of GDM. This abnormality was not associated with 

changes in overall microbiome structure, but differences in the relative abundance 
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of some bacteria (Peptococcus and Bifidobacteria) in all pregnant women can be 

detected, as well as in those who developed GDM (Bacteroides).  

Our findings may motivate deepening the knowledge about physiological 

and pathophysiological changes in the gut microbiota throughout pregnancy, which 

could have further implications for diseases’ prevention. 
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ABSTRACT 

Background: The incidence of gestational diabetes mellitus (GDM) is increasing 

worldwide, and it has been associated with some changes in the gut microbiota. 

Studies have shown that the maternal gut microbiota pattern with hyperglycemia 

can be transmitted to the offspring. The gut microbiota colonization in the first years 

of life is important for immune and metabolic functions, affecting the risk for several 

diseases. The study's objective is to evaluate the gut microbiota of obese 

postpartum women with and without previous GDM and the gut microbiota of their 

babies. Material and Methods: A total of 84 puerperal women who had (n=40) or 

not GDM (n=44), and their babies were also included. Mothers were submitted to 

standardized questionnaires, clinical examination, dietary registers, and biological 

samples collections. Stool samples were obtained 2 to 6 months after delivery. 

Variables were compared using T Student or Chi-square test. The molecular profile 

of the fecal microbiota was obtained by sequencing V4 region of 16S rRNA gene 

(Illumina® MiSeq) and the R package used for analyses. Results:  Women with 

previous GDM were older, had more pregnancies, higher 2-hour post load plasma 

glucose, HbA1c and LDL-cholesterol levels than the norm tolerant women during 

pregnancy. Regarding maternal diet, only total fiber intake was higher in the GDM 

women. Longer exclusive breastfeeding duration of babies from GDM women 

showed borderline significance. Also, these babies had a higher frequency of 

neonatal complications including jaundice. Gut microbiota structures of the 

puerperal women and their babies were similar. Stratifying according to the type of 

delivery, the relative abundance of Victivallis genus was higher in women who had 

natural delivery. Exposure of babies to exclusive breastfeeding was associated with 

a greater abundance of Bacteroides and Staphylococcus. The differential 

abundance test showed correlations to clinical and laboratory parameters. 

Conclusion: This work can contribute to understanding the potential effects of GDM 

and early life events on the gut microbiome of mothers and their newborns and its 

possible role in metabolism later in life. 
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INTRODUCTION 

Gestational diabetes mellitus (GDM) is the most prevalent problem during 

pregnancy, and its incidence is increasing worldwide. The presence of GDM has 

been associated with short and long-term morbidities for both, mothers, and their 

offspring [1]. Preexisting maternal obesity contributes to deteriorate glucose 

metabolism during gestation [2]. The decreased insulin sensitivity of pregnancy is 

exacerbated in obese pregnant women. 

Epigenetics changes in gene expression, without altering DNA 

sequence, have been implicated in complex etiopathogenesis of GDM and 

consequences to the fetus [3]. Maternal fatness contributes to hyperglycemia and 

hyperinsulinemia affecting placental function, hormonal axes and fetal supplies, 

determining an increased metabolic risk for the offspring [4,5]. Epigenetic 

mechanisms induced by insults in intrauterine environment can cause functional and 

structural abnormalities in fetal organs that will elevate the offspring’s risk for chronic 

diseases later in life [6]. 

Specific changes in the gut microbiota have been identified in women 

who develop GDM [7-10]. Some studies have shown that a different microbial 

pattern precedes the onset of maternal hyperglycemia, which may be related to the 

pathogenesis of GDM [11,12].  

There is evidence that the pattern of the mother's gut microbiota with 

hyperglycemia can be transmitted to the offspring [13-15]. This possibility of early 

modulation of the intestinal microbiome is intriguing and understudied. 

The development of the gut microbiota in the first years of life is essential 

for immune function, protection against pathogenic organisms, and innumerous 

metabolic functions [16,17]. It is known that the colonization is influenced by 

gestational conditions, mainly by the delivery mode, as well as postnatal nutrition [18].  

Considering the role of gut microbiota for the risk of prevalent chronic 

non-communicable diseases in populations, such as obesity and type 2 diabetes 
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mellitus (T2DM) [19,20], deepening the knowledge of the infant microbiome 

establishment is of great interest [21]. 

In this context, the objective of the present study was to evaluate the gut 

microbiota of obese postpartum women with and without previous GDM and the gut 

microbiome of their babies.  

 

MATERIALS AND METHODS 

Study population and design 

From September 2018 to December 2019, all pregnant women attending 

the Normal Gestation Out-patient Clinic of Obstetrics Division and Gestational 

Diabetes Out-patient Clinic of Diabetes Center of Federal University of São Paulo, 

SP, Brazil, were invited to participate in the present study. The institutional ethics 

committee of the Federal University of São Paulo approved the study, and all 

participants had signed a consent form [22]. 

Eligibility criteria were age > 18 years, in any trimester of gestation, 

without known autoimmune disease or chronic use of medications, particularly 

metformin, or inflammatory bowel disease. A total of 143 pregnant women were 

included in the study, 74 norm glucose tolerant pregnant controls, and 69 pregnant 

women with GDM. In the postpartum period (60 to 180 days after delivery), 50 

women diagnosed with GDM and 51 control women with their respective babies 

were evaluated. Of these 101 women, 98 collected stool samples for microbiota 

analysis. We excluded those women who were using antibiotics or using laxatives 

or probiotics in the 30 days before stool sample collection.  Forty women with GDM 

and 44 control women were kept in our analysis; we excluded 19 women due to due 

to limitations in the stool sampling or in amplification procedure.  Considering the 

women who had microbiota and biomarkers determined, the total sample for this 

study was 84 women. Regarding the babies, DNA was extracted from 93 stool 

samples, 48 of which were controls and 43 of mothers with GDM (Figure 1). 
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Figure 1: Participant flow chart. 

 

For the diagnosis of GDM, we use the IAPDSG criteria, which is similar 

to the Brazilian guideline of GDM [23].  However, in this study, GDM was diagnosed 

when fasting plasma glucose was greater than 100 mg/dL in the first trimester or 

when at least two points were abnormal during the 75-g oral glucose tolerance 

(OGTT) (> 92, > 180, > 153 mg/dL) in the third trimester. These criteria were 

employed to exclude borderline cases of GDM since, in previous studies, the ability 

to detect differences by comparing the microbiota profiles from normal tolerant and 

GDM pregnant women with mild hyperglycemia was limited [10]. 

The design of the present study is longitudinal, including the assessment 

of women during pregnancy. In each trimester, the participants were subject to 

evaluation with standardized questionnaires and anthropometric data collection. 

 

 

143 pregnant women assessed for elegibility

17 excluded: gave 
up to participate

Enrollment: 126 pregnant women (56 GDM 
and 59 control) from December oof 2018 to 

November of 2019

28: lost to
follow-up

98 completed the whole evaluation until
puerperium with feces samples collected

(2 to 6 months post-partum)

84 mother´s and 93 babies'
Stool sample analyzed

40 GDM mothers 
and their babies

44 controls and 
their babies
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Standardized Questionnaires 

Using standardized questionnaires, puerperium information was 

obtained under the supervision of trained interviewers. Data collected was the 

gestational week of delivery, delivery mode, gestational weight gain, maternal-fetal 

complications, use of medicines or vitamins, consumption of alcohol or tobacco; 

data from offspring such as breastfeeding and/or use formula, the introduction of 

solid foods and health data such as vaccination and medications. 

 

Clinical Data 

Weight was obtained on a digital scale (Rice Lake, São Paulo) with a 100 

g and height precision with an accuracy of 0.5 cm, and these measurements were 

used to calculate BMI. The neck circumference was measured with non-flexible tape 

(cm) immediately below the cricoid cartilage and perpendicular to the neck's long 

axis, with the participant seated. The waist circumference was measured with 

flexible tape (cm) between the iliac crest and the last ribs. The blood pressure was 

obtained using a mercury sphygmomanometer. Blood pressure was taken 3 times 

after a 5-minute rest in the sitting position, using a mercury sphygmomanometer 

adjusted to the brachial circumference. The final values of systolic and diastolic 

pressure represent the arithmetic mean of the last two measurements. 

 

Dietary assessment 

All foods and beverages consumed over three days including those 

consumed outside the home should be register in a standardized form. To estimate 

the size of the portions described more accurately, the nutritionist demonstrated to 

the patient how to record the information using traditional homemade utensils (cups, 

cups, cutlery, and plates) and food models. Registration must be on alternate days 

and covering a weekend day [24]. The total energy value of macro and 

micronutrients was calculated using Diet Pro software [25], using as reference the 

Brazilian Food Composition Table (TACO) [26]. 
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Stool collection 

Fecal samples were collected at home by the participants, and the baby 

samples were taken by collecting the newborn’s diapers with feces in a supplied and 

standardized container; the samples were brought during a visit to the Clinics with 

a maximum of 24-hour storage at 2-5°C. A researcher followed standardized 

procedures including antiseptic handling, collection of aliquots in sterile cryotubes, 

and immediate freezing at -20°C. Aliquots were then stored at -80°C on the same 

day of sampling until DNA extraction. 

 

Laboratory tests 

Blood samples were collected after overnight fasting, and an oral glucose 

tolerance test (OGTT) was performed. The samples were immediately centrifuged 

and analyzed by a private certificate laboratory. Plasma glucose was determined by 

the glucose oxidase method. The concentrations of total cholesterol, HDL-c, and 

triglycerides were measured by enzymatic colorimetric methods, processed in an 

automatic analyzer. LDL-c and VLDL-c concentrations will be obtained by 

difference, using the Friedewald equation. A colorimetric kinetic test analyzed the 

Gamma GT according to SZASZ/PERSIJN. Insulin was measured by the 

chemiluminescence method. 

 

Analytic Methods 

Initially, bacterial DNA from stool samples was extracted using the 

QIAamp DNA Stool Mini Kit (Qiagen). The amplification of V4 region of the 16S 

rRNA gene was performed by 25 cycles, using the previously described primers and 

conditions [27]. Negative controls with a buffer from the DNA extraction kit were 

included in the PCR runs. The amplicons were pooled and loaded onto Illumina 

MiSeq clamshell-style cartridge kit v2 at 500 cycles for paired-end 250 sequencing 

at a final concentration of 12 pM. The library was clustered to a density of 

approximately 820 k/mm². Sequencing is based on a pool of 100 samples on two 

GS FLX Picotiter Plate plates, totaling two races. The raw reads files were 

processed in the R environment using the dada2 package [28]. During the process, 
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the primers were removed, and the forward and reverse sequences were cut to 180 

and 160 bases, respectively. Strings that contained more than two expected errors 

were removed. The filtered sequences had their errors corrected by the algorithm 

and were joined to form the ASVs (Amplicon Sequence Variants). The chimeric 

sequences were also removed, and a sample count table was generated. The 

taxonomic classification was made using the tag.me package [29] using the model 

515F-806R. The beta diversity was calculated using the Jensen-Shannon 

Divergence matrix on PCoA analysis performed by the ade4 R package30, and its 

analysis refers to the variety and complexity of species community. We use the 

Chao1 wealth estimate and Shannon and Simpson's diversity indexes to calculate 

the alpha diversity.  

 

Statistical analysis 

Continuous variables were presented as mean (Standard Deviation) and 

categorical variables as frequency (percentage). Clinical and laboratory variables 

and maternal-fetal outcomes were compared by Student t-test and Mann Whitney 

test (continuous variables) or Chi-squared test (categorical variables) according to 

the diagnosis of GDM. Statistical Package for the Social Sciences®, v 22.0 (SPSS 

Incorporation, 2000) was used, and the p < 5% was considered statistically 

significant. All data manipulation, analysis, and graphics were performed using R. 

For differences in the microbiota composition, PERMANOVA was performed for 

each site using Adonis function in vegan with Jensen-Shannon distances. For each 

variable, 999 permutations were made. The Wald test of the DESeq2 Package 

[10.1186 / s13059-014-0550-8] and an adjusted p-value filter of p<0.01 were used 

to identify the differentially abundant genera. 

 

RESULTS  

Mother Characteristics 

From 84 participants, 40 had previous diagnosis of GDM. Women with 

GDM were older (33.3  5.9 vs. 28.6  6.1, p=0,01) and had a higher number of 

pregnancies (p=0,04) than the control ones.  Both groups had similar schooling, 



Artigo 3  
 

93 
 

frequencies of family history of diabetes and vaccination, pre-gestational physical 

activity practice and BMI, gestational weight gain, tobacco use during gestation and 

frequencies of natural birth. GDM women had higher frequency of hypertension than 

controls; pre-eclampsia, eclampsia and prematurity occurred in the GDM group but 

not in the control one (Table 1). 

Regarding puerperium data, women with previous GDM had higher levels 

of 2 hours glycemia after OGTT [116.3 (38.5) vs. 98.5 (19.0), p=0,02], of HbA1c [5.6 

(0.4) vs. 5.3 (0.3), p=0,02] and of LDL cholesterol [126.6 (45.3) vs. 110.7 (27.0), 

p=0,01]. There was no difference between the groups in anthropometric data, blood 

pressure measurements, total or HDL cholesterol, triglycerides, glycemia, and 

insulinemia (Table 1).  
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Table 1. Pre-gestational, pregnancy and postpartum data of women according to 

diagnosis of GDM. 

Baseline and Pregnancy Characteristics Controls (n=44) GDM (n=40) p 

Age (years) 28.1 (6.1) 33.2 (5.9) 0.01 

Caucasian, n (%) 21 (49) 14 (35) 0.18 

 Schooling, n (%)   0.59 

Up to 7 years 1 (2.3) 4 (10.0)  

8 to 13 years 30 (69.8) 25 (62.5)  

≥ 14 years 12 (27.9) 11 (27.5)  

Number of pregnancies, n (%)   0.04 

1 pregnancy 17 (39.5) 8 (20.0)  

2 pregnancies 16 (37.2) 10 (25.0)  

3 or more pregnancies 10 (23.3) 22 (55.0)  

Family history of DM, n (%) 12 (27.9) 16 (41.0) 0.21 

Pre-gestational physical activity ≥ 150 minutes 
per week, n (%) 

11 (255.) 6 (15.0) 0.06 

Pre-gestational BMI (Kg/m2) 29.4 (3.9) 29.8 (3.7) 0.66 

Gestational weight gain (Kg) 10.4 (6.5) 8.8 (5.0) 0.49 

Tobacco use during pregnancy, n (%) 1 (2.4) 2 (5.0) 0.53 

Arterial hypertension in pregnancy, n (%) 2 (4.8) 8 (20.0) 0.03 

Preeclampsia or eclampsia in pregnancy, n (%) 0 2 (5) ---- 

Gestational age of delivery (weeks) 39.0 (1.1) 38.3 (1.5) 0.26 

Natural birth, n (%) 24 (57.1) 20 (50.0) 0.52 

Prematurity < 37 weeks, n (%) 0 3 (0.07) ---- 

         Postpartum data    

BMI (kg/m2) 29.3 (3.8) 29.5 (3.7) 0.66 

Waist circumference (cm) 93.9 (9.1) 92.3 (8.1) 0.53 

Systolic BP (mmHg) 112 (10) 116 (9) 0.38 

Diastolic BP (mmHg) 73 (8) 75 (6) 0.29 

 Fasting glycemia (mg/dL) 88.3 (9.0) 94.3 (1.9) 0.16 

2 hours OGTT glycemia(mg/dL) 98.5 (19.0) 116.3 (38.5) 0.02 

Fasting insulinemia (mU/L) 11.5 (5.9) 11.2 (6.4) 0.69 

2 hours OGTT insulinemia (mU/L) 42.9 (35.2) 53.4 (35.7) 0.46 

HbA1c (%) 5.3 (0.3) 5.6 (0.4) 0.02 

Cholesterol Total (mg/dL) 186.1 (30.1) 208.0 (50.6) 0.07 

HDL cholesterol (mg/dL) 54.6 (10.9) 56.9 (11.7) 0.75 

LDL cholesterol (mg/dL) 110.7 (27.0) 126.6 (45.3) 0.01 

Triglycerides (mg/dL) 105.1 (59.3) 112,7 (52.1) 0.75 

GamaGT (ng/mL) 23.1 (17.9) 27.4 (22.9) 0.41 

BMI, body mass index. OGTT, oral glucose tolerance test. 

Student t-test (continuous variables) or chi-square (qualitative variables) were used. 
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Comparisons of dietary data between groups, total fiber intake was 

higher in women who had GDM than the controls [11.9 (9.1-14.5) vs. 6.8 (3.9-13.9) 

g, p = 0.04], but intakes of energy, and macronutrients were similar (Table 2). 

 

Table 2. Medians (interquartile ranges) of dietary data of participants according to 

the presence of GDM diagnosis in their postpartum period. 

Diet Characteristics Controls (n=44) GDM (n=40) p 

Calories (kcals) 1957 (1398-2808) 1284 (1130-1701) 0.40 

Carbohydrates (%TEI) 45.9 (38.9-57.3) 49.5 (39.0-57.2) 0.87 

Proteins (%TEI) 17.9(11.3-25.1) 19.8 (12.6-22.9) 0.97 

Lipids (%TEI)  32.3(29.6-37.7) 31.7(26.9-38.8) 0.42 

Saturated Fat (%TEI) 6.9 (5.4-11.5) 6.7 (4.9-11.3) 0.84 

Monounsaturated Fat(%TEI) 7.7 (4.7-9-9) 7.5 (5.3-11.9) 0.42 

Polyunsaturated Fat(%TEI) 6.9 (5.4-9.9) 7.5 (5.3-10.5) 0,41 

Total Fiber (g) 6.8 (3.9-13.9) 11.9 (9.1-14.5) 0.04 

Mann Whitney test (continuous variables).  TEI: total energy intake 

 

Offspring's evaluation showed no difference in birth weight or the 

introduction of food other than breast milk; a borderline difference indicated that 

babies of mothers who had GDM were more exclusively breastfed for the first 2 to 

6 months (p=0.06). Higher incidences of neonatal complications in babies in the 

GDM group (47.6 vs. 17.0%, p<0.01); these mainly due to neonatal complications 

were due to jaundice (Table 3). 
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Table 3. Offspring data according to the GDM status of the mother. 

 Controls (n=48) With GDM (n=43) p 

Birth Weight     

Appropriate for gestational age (AGA) 38 (82.6) 30 (69.8) 0.24 

Large for gestational age (LGA) 7 (15.2) 9 (20.9)  

Ponderal Index 2.82 (0.49) 2.87 (0.28) 0.63 

Neonatal complications, n (%) 8 (17.0) 20 (46.5) <0.01 

Jaundice, n (%) 4 (8.5) 13 (30.2) <0.01 

Hypoglycemia, n (%)  3 (6.4) 6 (14.0) 0.23 

Respiratory distress, n (%) 1 (2.1) 3 (7.0) 0.26 

ICU admission, n (%) 2 (4.3) 5 (11.6) 0.19 

Malformation, n (%) 1 (2.1) 1 (2.3) 0.95 

Exclusive breastfeeding #, n (%) 19 (40.4) 26 (60.5) 0.06 

Days to introduce foods other than breast milk 80.3 (37.4) 83.1 (44.7) 0.54 

 Infant weight percentile #* 43.2 (30.2) 40.2 (338.) 0.58 

Infant height percentile #* 37.6 (35.1) 29.6 (31.2) 0.42 

GDM, gestational diabetes mellitus.    ICU, intensive care unit. At the moment of examination#. 

Student t-test and Mann-Whitney* (continuous variables) or chi-square (qualitative variables) were used. 

 

Microbiota Composition 

In the postpartum of women who had or not GDM, no difference in their 

overall structure of the microbiome was observed (Figure 2, panel A), neither 

comparing them stratified according to the type of delivery (Figure 2, panel B). 

However, the relative abundance of Victivallis genus was higher (Log-fold change 

2.47, p = 0.01) in those who had a natural delivery (Figure 3). 

Some genera had significant correlations with clinical and laboratory 

data. Correlations between Megasphaera and pre-gestational BMI (rho: 0.31, 

p=0.005), Gemella and waist circumference (rho: -0.34, p=0.002), Staphylococcus 

and diastolic blood pressure, Eubacterium hallii group, and Phocea and gestational 

weight gain (rho: 0.33, p=0.004; rho: 0.34, p=0.002) were detected. Fasting 

glycemia was correlated to Anaerostipes (rho: 0.31, p=0.005), Blautia (rho: 0.31, p= 

0.005), Butyrivibrio (rho: -0.33, p=0.003) and to Rikenellaceae.RC9.gut group (rho: 

-0.43, p<0.001). Two-hour plasma glucose was correlated to Blautia (rho: 0.31, p= 
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0.008), Butyrivibrio (rho: 0.34, p=0.003), Dorea (rho: 0.33, p=0.005), Fusobacterium 

(rho: -0,36, p=0.002), Lachnospiraceae.FCS020 group (rho: 0,31, p=0.009), 

Lachnospiraceae.NK3A20 group (rho: -0,38, p=0.001) and to Methanosphaera (rho: 

-0,32, p=0,006). Fasting insulinemia correlated with Succinivibrio (rho: 0.37, p= 

0.001). Regarding the lipid profile, triglycerides showed to be correlated to Dorea 

(rho: 0.31, p=0.007) while LDL-c to Campylobacter and Haemophilus (rho; -0.33, p= 

0.004 and rho: 0.30, p=0.007, respectively). Supplementary material, Figure 1S. 

Considering the babies’ microbiota, the lack of difference of the overall 

structures when stratified according to the presence of GDM or type of delivery was 

indicated by the overlap shown in Figure 4. In the differential abundance test, babies 

exposed to exclusive breastfeeding for 2 to 6 months showed a greater abundance 

of Bacteroides and Staphylococcus (Figure 5). 

When verifying the similarity of the microbiota structure between mothers 

and children, via beta diversity, we did not observe differences when compared to 

the presence of GDM (p=0.47), type of delivery (p=0.13) and exclusive 

breastfeeding (p=0.71). (Supplementary material, Figure 1S). 

 

 

 

 

 

 

 

GDM, gestational diabetes: 0 without; 1 with GDM. Natural delivery: 0 no (c-section); 1 yes 

(natural delivery). The density panels show the points density across the X and Y axis.  

Figure 2:  Overall structure of the microbiota of women with and without GDM (panel A) and 

according to the type of delivery (panel B) obtained by Principal Coordenates Analysis.  
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Figure 3: Relative abundance of genus Victivallis bacteria according 

to type of delivery (natural or c section). 

 

 

 

 

 

 

 

Natural delivery: 0 no (c-section); 1 yes (natural delivery) 

Figure 4: Overall structure of the infant microbiome stratified by the presence of previous 

gestational diabetes mellitus – GDM (panel A) and type of delivery (panel B).  
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Figure 5: Relative abundance of Bacteroides in babies with and 

without exclusive breastfed for 2 to 6 months. 

 

DISCUSSION 

We added to literature interesting results regarding the gut microbiota 

composition of women who had or not have GDM and their babies. Despite similar 

gut microbiota structure of women stratified by previous GDM or type of delivery, 

differences regarding the relative abundance of some genera and correlations to 

clinical and laboratory data bring contributions to the knowledge in this field. 

Noteworthily, groups of pregnant women were comparable since they had similar 

BMI at the beginning of the pregnancy and had similar weight gain. Victivallis genus 

that was higher in pregnant women who had a natural delivery has been associated 

with beneficial effects as well as Bacteroides in babies. 

The lack of difference when women who had or not GDM and their 

offspring were compared is similar to results obtained by other investigators. Hasan 

et al. [31] evaluated 60 women who had GDM and 65 control and their offspring 

(n=109) five years post-partum and found no significant differences observed in 
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microbiome composition between the two groups and their offspring; mother and 

her child have a more similar microbiota composition when compared to unrelated 

children, other mothers, or the children compared to each other. In another study of 

pregnant women, fecal samples were collected from 74 women with GDM and 73 

healthy pregnancies, as well as meconium, oral, pharyngeal, and amniotic fluid from 

their neonates; no difference was found in either intestinal or vaginal microbiota [8.] 

However, this study was able to show that some genera could be related to 

hyperglycemia, they found that low intestinal Faecalibacterium/Fusobacterium 

ratios corresponded to high blood glucose values in mothers. Genera such as 

Prevotella, Streptococcus, Bacteroides, and Lactobacillus were prevalent in 

samples from several maternal and neonatal microbiome sites, which might suggest 

a role of GDM response generations. 

Overall structure of the gut microbiota did not differ according to delivery 

type, but the relative abundance of Victivallis was associated with natural delivery. 

Victivallis is a Gram-negative, coccus-shaped bacteria found in the human digestive 

tract and is strictly anaerobic. An experimental study in obese rats showed that those 

with a richer abundance of some genera of bacteria, among them Victivallis together 

with Barnesiella, Bilophila, Butyricimonas, Clostridium XIVa, Akkermansia, 

Raoultella, and Blautia, presented a better response to non-drug therapy for weight 

loss [32]. Furthermore, a randomized clinical study in humans showed that the group 

that received prebiotic fibers showed improvement in the metabolic parameters of 

glycemia and lipids, together with an increase in bacterial genera such as 

Akkermansia, Ruminococcus_2, Victivallis, and Comamonas [33]. Thus, we 

propose that the microbiome in natural birth may contain composition characteristics 

associated with potential benefits in metabolism and weight loss.  

As far as relative abundances are concerned, we detected several 

correlations of bacterial taxa with clinical and laboratory data. Our findings add and 

corroborate those reported in the literature (Supplementary material, Table 1S). 

We did not detect difference in the overall structure of the infant’s 

microbiota according to previous GDM or type of delivery. It is important to consider 

that there was an age variation among the babies and that intestinal colonization is 
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highly dependent of exposures in their first two years of life [34]. Reports on the 

microbiota of women who had GDM, and their offspring are controversial. A study 

compared the 29 GDM offspring to 19 normoglycemic-mother offspring with fecal 

samples collected during the first week of life [35]. Some Bacteroides and Blautia 

oligotypes were shared by the GDM mothers and their offspring, suggesting 

maternal microbial imprinting. Interestingly, these infants from GDM mothers 

showed a higher relative abundance of proinflammatory bacteria than infants from 

healthy women. Another study suggested that GDM could be associated with 

decreased microbiota richness in the newborns when the meconium DNA from 34 

full-term and c-sectioned newborns, in which 20 newborns had mothers diagnosed 

with GDM, were compared [36]. In another comparison of meconium of 23 newborns 

from 9 mothers with DM or GDM, and 13 from healthy mothers, the microbiota of 

the GDM and healthy groups showed lower alpha diversity than that of the DM group 

[13]. No difference was found between babies delivered vaginally versus via 

Cesarean-section, in the same line as our results.  

It is important to mention a limitation of those studies whose analyses 

were not controlled for body adiposity. It is well known that GDM is accompanied by 

excess weight that ca per se modify the microbiome composition [37]. Our study 

had the advantage of including weight-matched participants in the groups, allowing 

to attribute differences found in microbiota profile to the GDM. They were overweight 

or obese before pregnancy and maintained their nutritional status until the 

puerperium. In this context, a study analyzed the microbiota of infants from 

overweight and normal-weight mothers and possible relations with normal or 

excessive weight gain during pregnancy [38]. Elevated pre-pregnancy maternal BMI 

was associated with higher abundances of Bacteroides, Clostridium, and 

Staphylococcus and lower concentrations of the Bifidobacterium group in infant’s 

microbiome. Lactobacillus, Flavonifractor, Erysipelotrichaceae, and 

Gammaproteobacteria were reduced in neonates from mothers with GDM after 

adjusting for pre-pregnancy BMI, reinforcing an independent role of maternal GDM 

in the infant microbial composition [12]. 
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Our findings evidenced the impact of breastfeeding in the offspring 

microbiota. Babies exclusively breastfed showed a greater abundance of 

Bacteroides and Staphylococcus. Since Bacteroides is one of the most frequent 

genera in the stable microbiome, we interpreted that could indicate an ecological 

progression of intestinal flora.  The intestinal microbiome develops until the first 

two years of life, considered a window of opportunity for microbial modulation [39]. 

Similarly to our results, Bacteroides and Bifidobacterium were more abundant in 

40-day aged infants exclusively breastfed compared to formula-fed ones {40]. 

Bacteroides have been associated with beneficial effects in the earlier neonatal 

phase. Breast milk factors, like human milk oligosaccharides (HMO), favors 

Bacteroides colonization which is important in activating immunologic functions. 

This genus and others commensal bacteria stimulate lymphoid elements and 

enhance intestinal epithelium (microvilli and tight junctions). These also activate 

the release of mucin by goblet epithelial cells, forming a glycocalyx that breaks 

down a physical and antibacterial barrier [41]. In an experimental study, germ-free 

mice colonized with Bacteroides thetaiodamicron activated epithelial genes, such 

as upregulation of polymeric IgA, involved in the barrier function [42]. 

Staphylococcus genus was already described in association with breastfeeding. 

Comparing fecal microbiota of breast-fed and formula-fed infants, families 

Staphylococcaceae and Pasteurellaceae were only found in the breast-fed infant 

microbiome [43]. The intestine and microbiota maturation undergo a process of 

colonization primarily by aerobic bacteria and open opportunity for the installation 

of anaerobes that constitute the main profile of the stable intestinal microbiota in 

adulthood [44]. We believe that breastfeeding contributes favorably to the process 

of ecological succession in forming the gut microbiota and contributing to a better 

immune function. 

There is plenty of evidence indicating that feeding type is relevant for 

early microbial colonization. Breast milk is prebiotic and probiotic in nature, contains 

HMO and bacteria, and influence infant gut microbiota composition both indirectly 

(transfer of prebiotics) and directly (vertical transmission of bacteria) providing 

pioneering species. In contrast, formula-fed infants are exposed to different 

carbohydrates, bacteria, and nutrients, causing different microbial colonization 
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patterns. It has consistently reported that stools of breastfed infants compared to 

formula-feds ones contain higher levels of Bifidobacterium and Lactobacillus and 

lower levels of potential pathogens than those infants with formula-fed [45].  

The proposition that gut microbiome's acquisition begin intrauterinely was 

contested and studies have supported that colonization begins at birth [46-48]. 

Relevant roles in the colonization are played by the delivery type, nutrition 

procedures and antibiotics use [49-51]. The relevance of the former factors was 

shown in an analysis of the intestinal microbiome of 120 babies six weeks after 

delivery; the microbiome of cesarean-born babies differed from vaginal delivered 

ones, but this difference was partially restored by exclusive breastfeeding [52]. 

Our study has limitations and strengths. As all participants had excess 

weight, we could not test whether obesity confers additional impact in the microbiota 

composition beyond GDM. Babies were very young, so their intestinal flora is not 

well established. On the other hand, the longitudinal design and long follow-up of 

women during pregnancy and the puerperium, as well as the early evaluation of 

their babies, allowed us to think about the hypothesis of ecological succession in 

forming the gut microbiota. 

 

CONCLUSION 

We conclude that previous GMD status did not interfere in the overall 

microbiota structure of the puerperal mother and offspring. In the mothers, 

associations of genus Victivallis abundance with metabolic parameters and delivery 

type may suggest benefits to energy metabolism. In breast-fed babies, whether 

Bacteroides and Staphylococcus will be associated with a favorable composition of 

the gut microbiome later in life requires further investigation. Our long follow-up 

should help clarifying hypotheses raised in the present study. 
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Table 1S: Correlations of bacterial taxa with clinical and laboratory data. 

Bacterias Maternal 

variables 

rho P Phylum Observations based on the literature 

Megasphaera Pregestational 

BMI 

0,31 0,005 Firmicutes Babies of mothers with overweight and obesity showed greater 

abundance of Megasphaera than babies of mothers with normal weight 

[27]. 

Gemella Waist 

Circumference 

-0,34 0,002 Firmicutes Increased incidence of Gemella was observed among mothers with 

gestational diabetes who had an overweight BMI versus a healthy BMI 

range (5.96 [1.85-19.21]) 102. 

Staphylococcus Systolic BP -0,33 0,004 Firmicutes Systematic review explored the relationship between childhood obesity 

and fecal microorganisms and conclude that Clostridium difficile and the 

Staphylococcus genus were correlated with low BMI and Clostridium 

leptum, Eubacterium hallii, and Lactobacillus spp. indicated adipose 

tissue storage103 

Eubacterium.hallii.group Gestational 

weight gain 

0,33 0,004 Anaerobutyricum Systematic review explored the relationship between childhood obesity 

and fecal microorganisms and conclude that Clostridium difficile and the 

Staphylococcus genus were correlated with low BMI and Clostridium 

leptum, Eubacterium hallii, and Lactobacillus spp. indicated adipose 

tissue storage 103. 

Phocea Gestational 

weight gain 

0,34 0,002  An animal model experiment was done to explore the difference and 

association between  intestinal microbiota and plasma metabolomics 

between type 2 diabetes mellitus and showed that Phocea, 

Pseudoflavonifractor and Lactobacillus intestinalis are three potential 

biomarkers of gut microbiota that affect progression and complications of 

obesity induced T2DM 104. 

Anaerostipes Fasting blood 

glucose 

0,31 0,005 Firmicutes An study investigate the relationship between gut microbiota structure 

and biochemical changes in patients with different types of nonalcoholic 

fatty liver disease and found that Fusicatenibacter, Blautia, Anaerostipes, 

Faecalibacterium, and Roseburia were negatively correlated with fasting 



Artigo 2  
 

105 
 

blood glucose and insulin resistance index levels (r<0,P<0.05), and 

positively correlated with high-density lipoprotein levels (r>0,P<0.05) 105. 

  0,31 0,008   

Blautia Fasting blood 

glucose 

0,31 0,005 Firmicutes Blautia is an anaerobic, gram-positive bacteria which correlated with 

fasting and 2 hour OGTT glucose; a prospective observational explorative 

study in 41 GDM patients to evaluate their microbiota changes during 

pregnancy and the associations between the gut microbiota and found 

that Faecalibacterium was significantly associated with fasting glucose; 

Collinsella (directly) and Blautia (inversely) with insulin 106. 

 2-hour OGTT 0,34 0,003   

Butyrivibrio Fasting blood 

glucose 

-0,33 0,003 Firmicutes Butyrivibrio is anaerobic, butyric acid-producing, curved rods, was also 

correlated with fasting and 2 hour OGTT glucose; Kulkarni et al. 

investigate if dysbiosis of inflammation and anti-inflammation-associated 

gut bacterial communities in fecal samples of individuals had any 

influence on T2D and showed lower abundance of anti-inflammatory 

bacteria such as Faecalibacterium prausnitzii, and Butyrivibrio 107 

Rikenellaceae.RC9.gut.group Fasting blood 

glucose 

-0,43 0,000 Bacteroidetes Rikenellaceae.RC9.gut.group correlated negatively with fasting glucose; 

a pilot study explores host-microbiota relationships in men and women 

affected by various types of glucose metabolism disorder and showed 

that the prevalence of specific Clostridia and Rikenellaceae members 

also pointed towards a healthier metabolic state 108 

Dorea 2-hour OGTT 0,33 0,005 Firmicutes Dorea, a Gram-positive and nonspore-forming bacterial, was correlated 

with 2-hour OGTT glucose and triglycerides; a case-control study 

analysed the gut microbiota of adults with prediabetes, overweight, insulin 

resistance, dyslipidaemia and found that the abundances of Dorea, 

Ruminococcus, Sutterella and Streptococcus were increased 109 

Dorea Triglycerides 0,31 0,007   

Fusobacterium 2-hour OGTT -0,36 0,002  Fusobacterium, a genus of gram-negative, non-spore forming anaerobic 

bacteria, was correlated with 2 hour OGTT glucose; a systematic review 

showed that  the genera of Ruminococcus, Fusobacterium, and Blautia 

were positively associated with T2D 110 
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Lachnospiraceae.FCS020.group 2-hour OGTT 0,31 0,009 Firmicutes In comparison with controls, individuals with GDM were characterized by 

operational bacterial taxonomic units (OTUs) enriched from the 

Lachnospiraceae family and depleted OTUs from the Enterobacteriaceae 

and Ruminococcaceae families 111 

Lachnospiraceae.NK3A20.group 2-hour OGTT -0,38 0,001   

Methanosphaera 2-hour OGTT -0,32 0,006 Euryarchaeota Controversial studies show a relationship between these bacteria and 

their phylum with situations of weight gain and worsening glycemic 

metabolism 112. 

Succinivibrio Fasting 

Insulinemia  

0,37 0,001 Gammaproteobacteria Obesity leads to an increase in succinate along with glucose intolerance. 

Some succinate-producing bacteria are identified in this morbidity, such 

as Succinivibrio 113. 

Campylobacter LDL colestherol -0,33 0,004 Proteobacteria Cellular cholesterol plays a fundamental role in the regulation of signaling 

transduction and protein traffic, as well as in the internalization of 

pathogens, such as Campylobacter 114. 

Haemophilus LDL colestherol 0,30 0,007 Proteobacteria A study enrolled 561 subjects: newly diagnosed T2DM (n=145), impaired 

glucose regulation (IGR) patients (n=138) and in normal control (NC) 

population (n=278). Veillonella, Pasteurellaceae, and Haemophilus were 

over-represented in IGR 115. 
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1T, first/second trimester of pregnancy in red; 2T, third trimester of pregnancy in blue; 

puerperium in orange; babies, in green 

Figure 1S. Similarity of the microbiota structure between mothers and children 
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A tese aqui apresentada teve como objetivo avaliar o perfil da microbiota 

intestinal de mulheres com e sem DMG e seus descendentes numa amostra 

pareada por peso, incluindo mulheres com sobrepeso ou obesidade. Para ampliar 

o escopo de entendimento deste objetivo também foi realizado uma revisão 

sistemática sobre o mesmo assunto. 

A revisão sistemática da literatura (Artigo1) sobre a composição da 

microbiota ao longo da gestação em mulheres com e sem DMG incluiu 23 artigos 

cujos resultados evidenciaram relações entre a microbiota intestinal e o DMG, com 

abundância de algumas bactérias relacionadas ao metabolismo alterado da glicose, 

e menor diversidade alfa e beta nas mulheres com DMG do que nas controles 

avaliadas nestes estudos. A partir desta revisão, concluímos que a microbiota 

intestinal poderia ser um biomarcador para a detecção precoce de GDM e um alvo 

potencial para estratégias de prevenção em diabetes gestacional. Porém, notamos 

que a maioria dos estudos apresentava diferença no estado nutricional de suas 

participantes, com maior adiposidade nas mulheres que apresentaram DMG. É 

conhecida a associação entre adiposidade e microbiota intestinal, portanto a 

avaliação da microbiota intestinal em um cenário de pareamento do estado 

nutricional pode contribuir para a evolução de conhecimento nesta área. 

Diante dos resultados das nossas próprias análises, em gestantes com 

e sem DMG, com status gestacional semelhante (com sobrepeso ou obesidade), 

constatamos que não houve mudança na estrutura geral da microbiota intestinal 

entre os grupos de mulheres (na gestação e no puerpério) e seus bebês. Porém, 

evidenciamos diferença na abundância de do gênero de algumas bactérias entre 

mulheres com e sem DMG, bem como diferenças na microbiota dos bebês de 

acordo com eventos precoces da vida como o aleitamento materno. 

Elencamos abaixo os principais resultados encontrados no estudo atual 

e que foram discutidos nos Artigos 2 e 3 desta Tese: 

 No último trimestre de gestação, em ambos os grupos, houve 

aumento da abundância relativa de duas bactérias: Bifidobacterium e 

Peptococcus. O aumento de Bifidobacterium no último trimestre pode 
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estar correlacionado ao ganho de peso gestacional adequado na 

maioria das mulheres, conforme achados sobre a funcionalidade 

desta bactéria na literatura. O último trimestre da gestação é 

considerado mais estressante o que pode ter sido responsável pelo 

aumento de Peptococcus, que é uma bactéria relacionada a estresse 

peri-natal, obesidade e inflamação subclínica. 

 Houve aumento de abundância relativa de Bacteroides no grupo de 

gestantes com DMG. Como existe correlação dos Bacteroides com 

perfis metabólicos inflamatórios, a presença desta bactéria de forma 

mais abundante nas gestantes com DMG pode estar relacionado à 

hiperglicemia materna. A observação de consumo maior de proteínas 

e menor de carboidratos pelas gestantes com DMG em comparação 

as gestantes normoglicêmicas podem contribuir para essa diferença 

observada entre os grupos, uma vez que o enterótipo de predomínio 

de Bacteroides tem sido associado com esse padrão alimentar. 

 Houve correlação positiva entre a glicemia de 1 hora após TOTG com 

Christensenellaceae e Intestinobacter e correlação negativa com a 

glicemia de 2 horas após TOTG e Enterococcus. O gênero 

Christensenellaceae é associado com aumento de glicemia de jejum 

em indivíduos fora da gestação. Intestinobacter já foi associado a 

obesidade e insulinemia de jejum. Já foi proposto em estudos de 

literatura que Enterococcus pode ter um papel no desenvolvimento do 

DM.  

 O diagnóstico de DMG prévio não influenciou na estrutura geral da 

microbiota intestinal das mães e de seus bebês no período pós parto, 

2 a 6 meses após o parto. 

 Nas mulheres, a abundância relativa do gênero Victivallis se associou 

com o parto normal o que pode sugerir benefício potencial no 

metabolismo materno, uma vez que essa bactéria tem sido 

relacionada a melhor perfil metabólico. 
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 Os bebês com aleitamento materno exclusivo tiveram aumento da 

abundância relativa dos gêneros Bacteroides e Staphylococcus o que 

pode estar associado ao desenvolvimento ecológico da microbiota 

intestinal no início da vida. Aventamos a hipótese de que essa 

evolução poderia contribuir para uma composição favorável da 

microbiota intestinal na vida adulta. 

 Houve correlações de alguns gêneros com parâmetros clínicos e 

metabólicos que podem fomentar os estudos de mecanismos da 

microbiota intestinal em influenciar o perfil cardiometabólico humano, 

em especial no período gestacional de mulheres com sobrepeso ou 

obesidade que apresentam ou não DMG. 

 

CONCLUSÃO 

O estudo atual não observou diferença estrutural da microbiota intestinal 

ao longo da gestação ou no período pós-parto de mulheres e seus bebês com peso 

equivalente pré- e peri-gestacional (sobrepeso ou obesidade) de acordo com a 

presença ou não de DMG. No entanto, algumas abundâncias de gêneros 

mostraram associações com período da gestação e o metabolismo da glicose. No 

puerpério notamos maior abundância de gênero de bactéria nas mães que tiveram 

parto normal, além da associação com parâmetros metabólicos, que podem sugerir 

benefícios para o metabolismo energético destas mulheres. Em bebês 

amamentados caracterizamos a maior abundância de gêneros de bactérias que 

podem representar uma evolução ecológica da microbiota intestinal mais precoce, 

o que pode significar mais um benefício do aleitamento para bebês provenientes 

de gestação de risco, como a gestação em mulheres com obesidade e DMG.  

Nossos achados podem o que pode motivar o aprofundamento do 

conhecimento sobre as alterações fisiológicas e fisiopatológicas da microbiota ao 

longo da gestação, contribuindo para implicações adicionais na prevenção e 

manejo do diabetes gestacional no futuro. Além disso, é relevante notar que 

eventos precoces da vida como tipo de parto e aleitamento materno podem 
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influenciar a microbiota da mãe e sua prole. Estudos prospectivos poderão 

esclarecer efeitos e relação causal entre gestação, eventos precoces da vida e 

microbiota intestinal na saúde das mulheres e seus filhos. 
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Anexo 1. Termo de Consentimento Livre e Esclarecido 

 

TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO 

Avaliação da microbiota de mulheres com diabetes gestacional prévio e de seus 

descendentes entre 2 e 6 meses de idade. 

Você está sendo convidada a participar de um estudo que ocorre na Escola Paulista de 

Medicina, Universidade Federal de São Paulo – UNIFESP, e irá acompanhar mulheres que 

tiveram diabetes gestacional e mulheres sem diabetes na gestação, assim como seus filhos 

entre 2 e 6 meses de idade.  

Mulheres com diabetes gestacional apresentam maior risco de desenvolver diabetes e 

seus filhos também têm maior risco de desenvolver diabetes e obesidade na vida adulta.  

Alguns estudos recentes, têm investigado mecanismos que justifiquem esses aumentos de 

risco, como pesquisas que encontraram relação das bactérias do intestino. O papel dessas 

bactérias intestinais durante a gravidez, pode ter um impacto na saúde dos filhos a curto e 

a longo prazo.  

O objetivo é acompanhar mulheres com diabetes gestacional e sem diabetes com seus 

respectivos filhos, avaliando as bactérias do intestino e o risco de desenvolver doenças 

crônicas como diabetes mellitus. 

O estudo será realizado em duas etapas: a etapa inicial ocorre enquanto você está grávida 

e a segunda etapa entre 2 e 6 semanas após o parto. Na segunda etapa, o seu bebê 

também participará do estudo.  Sua participação e do seu bebê são totalmente voluntárias. 

Você poderá se retirar do estudo a qualquer momento, sem nenhum tipo de prejuízo na 

sua relação com a equipe do estudo e nem ao atendimento assistencial que recebe ou 

venha a receber na instituição. 

Sua participação envolverá: 

1. Responder questionários com dados de identificação e contato, bem como aspectos 

de saúde, hábitos de vida (alimentação e atividade física), características 

socioeconômicas e sobre os dados do parto e da amamentação. 

2. Responder ligações telefônicas para recordatório alimentar e para agendar sua vinda 

ao Centro de Pesquisa.  

3. Avaliação antropométrica de peso, altura, circunferências da cintura e pescoço e 

aferição de pressão arterial  
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4. Durante a gestação, serão feitos exames de rotina para as consultas já realizadas no 

pré-natal. Após o parto, haverá coleta de sangue com material descartável e pessoal 

treinado, após 12 horas de jejum. A coleta de sangue será realizada no Centro de 

Diabetes desta Universidade, em dia e hora pré-agendados. Será realizado um teste 

oral de tolerância à glicose (TTG), em que você ingere um líquido doce e faz coleta 

de sangue em jejum e após a ingestão do líquido. Nesse dia também será coletado 

pequena amostra do leite materno. 

5. Trazer 2 amostras de fezes (uma enquanto estiver gestante e outra após o parto) do 

seu domicílio em coletor plástico que será previamente fornecido. 

 

A participação do seu bebê envolverá: 

1. Exame clínico entre 2 e 6 meses de idade para verificar peso e altura. 

2. Trazer 1 amostras de fezes do seu domicílio em coletor plástico estéril que será 

previamente fornecido.  

3. Durante o acompanhamento poderá ser necessário consulta ao seu prontuário ou de 

seu bebê. 

Risco: Este estudo é considerado de risco mínimo. A antropometria não causa qualquer 

desconforto e não requer preparo prévio. A coleta de sangue pode raramente gerar um 

pequeno hematoma (manchas roxas) no local de punção, que, em geral, desaparecem 

após 3 a 5 dias. Não haverá riscos para sua integridade física, mental ou moral.  

Benefício: Oportunidade de saber se permaneceu ou não com diabetes após a gestação 

e receber informações sobre as suas bactérias intestinais e do seu bebê (com informações 

se têm as bactérias de maior risco para as doenças metabólicas). Receber orientação 

adequada por profissionais do próprio ambulatório de diabetes gestacional da Escola 

Paulista de Medicina da Universidade Federal de São Paulo – UNIFESP.  

A qualquer momento, se for de seu interesse, o participante poderá ter acesso a todas as 

informações obtidas a seu respeito neste estudo. As mulheres que alcançarem níveis 

diagnósticos de diabetes serão encaminhadas ao seu clínico para confirmação e 

tratamento.  

A equipe do estudo se compromete em manter o sigilo das informações obtidas e dos 

dados de identificação pessoal das participantes. Os resultados serão divulgados de 

maneira agrupada, sem a identificação das participantes do estudo.  
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Se você tiver alguma consideração ou dúvida sobre a ética da pesquisa, poderá entrar em 

contato com o Comitê de Ética em Pesquisa, UNIFESP (11-55711062).  

Pesquisadores responsáveis local: Bianca de Almeida Pititto / Patricia Medici Dualib. 

Instituição: Centro de Diabetes, Universidade Federal de São Paulo. Endereço: Rua Estado 

de Israel, 639 Telefone: (11) 5085-0199/983220909.  

 

Assinatura do pesquisador responsável: _______________________________________ 

 

Nome da participante: ______________________________________________________ 

Assinatura: ________________________________________  Data: _____/_____/_____ 
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Anexo 2. Questionário. 

Questionário 

Nome: 

ID: 

Naturalidade: 

Endereço: 

Telefone: 

Data de Nascimento: Idade: 

 

Momento 1 – Na Gestação  

Atura: Peso atual: IG: 

CP: PA:  

 

1) Qual é a sua a escolaridade? 

(   ) nunca frequentou a escola 

(   ) 1⁰ grau incompleto (de 1 a 7 anos de estudo) 

(   ) 1⁰ grau completo (de 8 a 10 anos de estudo) 

(   ) 2⁰ grau completo (de 11 a 13 anos de estudo) 

(   ) Universitário (≥ 14 anos de estudo) 

(   ) Pós-graduação  

 

2) Qual sua profissão? 

____________________________________________________________________ 

 

3) Essa é sua primeira gestação? 

(   ) Sim 

(   ) Não, foi a segunda 

(   ) Não, foi a terceira ou mais 

 

4) Qual era o seu peso antes de engravidar? 

________________Kg 

(   ) Não sei  
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5) Houve algum problema de saúde durante a gestação? 

(   ) Hipertensão 

(   ) Diabetes Gestacional 

(   ) Eclampsia 

(   ) Risco de aborto 

(   ) Tabagismo 

(   ) Uso de álcool 

(   ) Uso de drogas 

(   ) Febre inexplicável 

(   ) Corrimento 

(   ) Outros: ________________________________________________________ 

(   ) Não 

(   ) Não sei  

 

6) Você foi vacinada ou teve contato com alguém com? 

(   ) Rubéola 

(   ) Sarampo 

(   ) Catapora 

(   ) Hepatite 

 

7) Você faz uso atual de: 

( ) Álcool. Quanto por dia? ___________ Por semana? __________ 

( ) Tabagismo. Quantos cigarros por dia? __________ 

( ) Drogas.  

( ) Vitaminas. Qual? __________________________________________________ 

 

8) Estado Civil? 

( ) Casada/ Vive com companheiro 

( ) Solteira 

( ) Separada 

 

9) O pai do seu bebê vive com você? 

(   ) Sim 

(   ) Não 
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10) Em relação ao pai do seu bebê: 

Idade: _______________________ 

Altura: ______________________   Peso atual:_________________________ 

Problemas de saúde: 

(   ) Hipertensão 

(   ) Diabetes Mellitus 

(   ) Tabagismo atual 

(   ) Uso de álcool. Doses por semana: ____________________________________ 

(   ) Uso de drogas. Qual ou quais e sua frequência? _________________________ 

(   ) Outros: __________________________________________________________ 

(   ) Não 

(   ) Não sei  

 

11) Qual é a escolaridade do pai do seu bebê? 

(   ) nunca frequentou a escola 

(   ) 1⁰ grau incompleto (de 1 a 7 anos de estudo) 

(   ) 1⁰ grau completo (de 8 a 10 anos de estudo) 

(   ) 2⁰ grau completo (de 11 a 13 anos de estudo) 

(   ) Universitário (≥ 14 anos de estudo) 

(   ) Pós-graduação  

 

12) Qual a profissão do pai do seu bebê? 

____________________________________________________________________ 

 

Momento 2 – Pós-parto 

Exame: 

Atura: Peso atual: IG: 

CP: CC: PA: 

 

1) Você faz uso atual de: 

(   ) Álcool. Quanto por dia? _________ Por semana? _________ 

(   ) Tabagismo. Quantos cigarros por dia? ___________ 

(   ) Drogas.  

( ) Vitaminas. Qual? __________________________________________________ 
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2) Você mudou muito sua alimentação após o parto? 

(   ) Sim   Como? ______________________________________________________ 

(   ) Não 

(   ) Não sei  

 

3) Qual tipo de parto nasceu seu bebê? 

(   ) Natural 

(   ) Cesárea 

(   ) Fórcipes 

(   ) Não sei 

 

4) Nasceu de quantas semanas? ___________________ 

(   ) Não sei  

 

5) Qual foi o peso ao nascer do seu bebê? ________________Kg 

 

6) Foi gestação gemelar? 

(   ) Sim 

Qual peso do segundo bebê? __________________kg 

 

7) Seu bebê teve algum problema de saúde ao nascimento? 

(   ) Não. 

(   ) Sim. Qual(is)? 

(   ) Icterícea 

(   ) Hipoglicemia 

(   ) Desconforto Respiratório 

(   ) Internação em UTI 

(   ) Infecção 

(   ) Outros: _______________________________________ 

(   ) Não 

(   ) Não sei 
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8) Você está amamentando (exclusivo ou não)? 

(   ) Sim   

(   ) Amamentei exclusivo por ____meses       

(   ) Iniciado Fórmula aos  ____meses de vida do bebê.  

Qual nome da Fórmula? ________________________________ 

(   ) Não 

Seu bebê se alimentou com algo diferente de leite até agora? 

(   ) Sim   Qual? ______________________________________________________ 

(   ) Não 

(   ) Não sei  

 

9) Você fez algum tratamento medicamentoso durante a amamentação? 

(   ) Asma 

(   ) Contraceptivo 

(   ) Antibióticos 

(   ) Outros: ________________________________ 

(   ) Não 

(   ) Não sei 

 

10) Seu bebê teve algum problema de saúde até o momento? 

(   ) Sim   Qual? _____________________________________________________ 

(   ) Não 

(   ) Não sei  

 

11) Seu bebê tomou as vacinas recomendadas para a idade? 

(   ) Sim. Qual(is)? _____________________________________________________ 

(   ) Não. Qual(is)? ____________________________________________________ 

(   ) Não sei 

 

12) Seu bebê tomou alguma medicação além das vitaminas até hoje? 

(   ) Sim   Qual? _______________________________________________________ 

(   ) Não 

 

13) Você tem animal de estimação em casa? 

(   ) Sim   Qual? _______________________________________________________ 

(   ) Não 

(   ) Não sei  
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Anexo 3. Registro Alimentar de 3 dias 

 

REGISTO ALIMENTAR DE 3 DIAS 

Nota: Leia com atenção, e tente cumprir, os parâmetros de utilização. 

Parâmetros de Utilização: 

 É necessário anotar tudo o que foi ingerido durante 3 dias da sua alimentação, sendo 2 

dias de semana, e 1 de fim de semana. 

 Para tal, necessitamos de uma descrição clara do alimento ou bebida que tiver 

consumido. 

 Sempre que descrever um prato, apontar o método de preparação dos alimentos, ou 

seja, se é cozido, frito, grelhado etc. Assim como o tipo de gordura usada na preparação 

desse prato, se você souber. Se a comida for comprada feita, referir esse facto. 

 É importante escrever também, o tipo de alimento, usando descrições exatas. Por 

exemplo: leite gordo, leite magro, queijo prato, queijo ricota. 

 Se comer fora de casa, deve levar sempre com você as folhas de registo e anotar tudo 

o que comer ou beber, imediatamente após o consumo. Não esquecer também de 

apontar tudo o que é consumido no intervalo das refeições, como por exemplo, 

bolachas, fruta, café, balas etc. 

 Em cada dia, deve registar as refeições que consumiu, a hora a que foram consumidas 

e a porção exata do que comeu. 

 

Atenção: 

 É necessário preencher o registo alimentar e entregar no dia em que marcou a 1ª visita 

das avaliações. 

 É importante que não tenha qualquer tipo de receio, ou constrangimento, no 

preenchimento do registo. 
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Anexo 4. Orientações para coleta dos exames de sangue e fezes. 

 

ORIENTAÇÕES PARA COLETA DOS EXAMES DE SANGUE E FEZES  

 Chegar 20 min antes do horário agendado 

 Manter dieta habitual nos cinco dias anteriores à coleta 

 Evitar a prática de exercício físico vigoroso nas 24 horas anteriores a coleta 

 Realizar Jejum de 12 horas para a coleta de sangue (máximo de 14 horas). 

 Não consumir bebida alcoólica nos últimos 3 dias que antecedem a coleta de sangue 

 Trazer a amostra de fezes conforme instruções abaixo:  

- Retirar frasco para coleta de fezes no Centro de Diabetes, UNIFESP 

- Não usar laxativos para colher as fezes. 

- Não coletar durante o período menstrual ou quando houver sangramento local.  

- Não deve estar usando antibióticos ou ter usado nos últimos 3 meses. 

- Não deve estar usando medicamentos irritantes do trato gastrointestinal 

(antiinflamatórios e vitamina C). 

- Não utilizar laxantes para a coleta de fezes 

- Urinar no vaso sanitário antes da evacuação para não contaminar as fezes com 

urina.  

Utilizar para coleta a pazinha que acompanha o coletor, retirando, quando for o caso, as 

partes que se mostram alteradas com muco, sangue, etc. Não há necessidade de encher 

coletor. 

 

 Trazer a amostra de fezes do seu bebê conforme instruções abaixo: 

- Retirar frasco para coleta de fezes no Centro de Diabetes, UNIFESP 

- Coletar as fezes da fralda e transferir para o coletor.  

- Não deve estar usando antibióticos ou ter usado nos últimos 3 meses. 

- Utilizar para coleta a pazinha que acompanha o coletor. Não há necessidade de 

encher coletor. 
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Atenção:  

 Pode-se coletar a qualquer hora do dia. Se não puder entregar no mesmo dia, manter 

em geladeira até o dia seguinte, totalizando no máximo 24 horas desde a coleta até o 

momento da entrega. Não congelar. 

 Tampar bem o frasco, identificar com seu nome completo.  



 

 

 

 

 

 

 

 

 

 

 

NOTA À POPULAÇÃO 
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Diabetes gestacional (DMG) e microbiota intestinal 

O que sabemos?  

 Mulheres que têm diabetes na gestação (diabetes gestacional) 

apresentam maior chance de ter diabetes futuramente e que seus 

filhos também têm maior risco de ter obesidade e diabetes quando 

forem adultos. Nós sabemos que as bactérias da microbiota intestinal 

estão relacionadas com doenças como obesidade e diabetes.  

Nossa pergunta:  

 A microbiota das mulheres com e sem diabetes gestacional é 

diferente? E de seus bebês? 

 

Para responder a essa pergunta, avaliamos 115 gestantes, sendo 56 

com diabetes gestacional, e vimos que não houve diferença na estrutura geral da 

microbiota entre aquelas com e sem diabetes gestacional; mas encontramos 

mudança de algumas bactérias comparando o início com o final da gravidez e, no 

grupo das diabéticas, houve o aumento do gênero Bacteroides (o gênero 

Bacteroides está relacionado a fatores desfavoráveis no metabolismo de adultos). 

No pós-parto, não houve diferença da microbiota intestinal comparando 

as mulheres que tiveram diabetes com as que não tiveram. Também não houve 

diferença na estrutura geral da microbiota intestinal dos bebês.  

Nos bebês aleitados no peito exclusivamente, houve aumento de duas 

bactérias que parecem benéficas para o metabolismo na vida adulta. 

Nossos resultados abrem perspectivas para a prevenção de alterações 

metabólicas na gestação e também prevenção de doenças nas crianças nascidas 

de uma gestação com diabetes, especialmente considerando o aleitamento 

materno. 
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