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Impacto esperado na sociedade desta tese de doutorado produzida
no Programa de Pds-graduacdo em Tocoginecologia da UNESP

O conhecimento das possiveis alteracbes promovidas pelo
Diabetes Mellitus Gestacional (DMG) nos niveis de macronutrientes e
micronutrientes, bem como na expressao de seus receptores especificos,
possui um potencial cientifico, técnico, social, inovador, econémico,
educacional e cultural significativo. O estudo abrird novas perspectivas
para o diagndstico, tratamento e prevencdo da Incontinéncia Especifica da
Gestacao (IU-EG), além de promover avancos na medicina personalizada
e melhorar a saude materna e fetal.

Do ponto de vista cientifico, entender essas alteracbes permitira
identificar biomarcadores para a IU-EG, possibilitando um diagndstico
mais preciso e eficiente. Isso impulsionard avancos na pesquisa cientifica
relacionada a gravidez e as doencas metabdlicas, abrindo caminho para
novas descobertas e terapias.

Em termos técnicos, o0 conhecimento dessas alteracdes
proporcionara a base para o desenvolvimento de métodos de triagem
mais sofisticados e precisos, permitindo uma detecc¢éo precoce da IU-EG.
Isso ter& um impacto direto na pratica clinica, possibilitando medidas
terapéuticas e preventivas adequadas, promovendo a salde materna e
fetal.

No aspecto social, o entendimento dessas alteracdes permitira
fornecer orientacbes dietéticas e recomendacdes de suplementacao
nutricional personalizadas para mulheres com risco de desenvolver IU-EG.
Isso contribuird para a promocdo de uma gestacdo saudavel e reducao
dos impactos negativos na saude das maes e bebés.

Aléem disso, do ponto de vista inovador, a descoberta de
biomarcadores e a implementacdo de medidas terapéuticas e preventivas
baseadas na alimentacdo adequada e suplementacao nutricional abriréo
portas para novas abordagens no campo da medicina personalizada,



onde o tratamento é adaptado as necessidades individuais.

No ambito econdmico, a identificagcdo desses biomarcadores e a
adocao de medidas preventivas terdo um impacto positivo nos sistemas
de saude, reduzindo os custos associados ao tratamento de complicacdes
da IU-EG e melhorando a eficiéncia dos cuidados pré-natais.

Do ponto de vista educacional e cultural, o0 avango nesse campo de
pesquisa ampliard o conhecimento cientifico sobre a gravidez e as
doencas metabdlicas associadas. Isso sera compartilhado através de
publicacdes, conferéncias e outros meios de divulgagéo, contribuindo para
a educacao médica e a conscientizacdo publica sobre a importancia da

alimentacdo adequada durante a gravidez.



Expected Impact on Society of this doctoral thesis produced in the
Postgraduate Program in Obstetrics and Gynecology at UNESP

The knowledge of the potential alterations caused by Gestational
Diabetes Mellitus (GDM) in macronutrient and micronutrient levels, as well
as in the expression of their specific receptors, holds significant scientific,
technical, social, innovative, economic, educational, and cultural potential.
This study will open new perspectives for the diagnosis, treatment, and
prevention of Gestational-Specific Incontinence (PSUI) while promoting
advances in personalized medicine and improving maternal and fetal
health.

From a scientific standpoint, understanding these alterations will
enable the identification of biomarkers for GSlI, allowing for a more precise
and efficient diagnosis. This will drive advancements in scientific research
related to pregnancy and metabolic disorders, paving the way for
discoveries and therapies.

In technical terms, knowledge of these alterations will provide the
foundation for the development of more sophisticated and accurate
screening methods, enabling early detection of GSI. This will have a direct
impact on clinical practice, facilitating appropriate therapeutic and
preventive measures that promote maternal and fetal health.

On the social front, understanding these alterations will enable the
provision of personalized dietary guidelines and recommendations for
nutritional supplementation to women at risk of developing GSI. This will
contribute to the promotion of a healthy pregnancy and reduce negative
impacts on the health of mothers and babies.

Moreover, from an innovative perspective, the discovery of biomarkers and
the implementation of therapeutic and preventive measures based on
appropriate nutrition and nutritional supplementation will open doors to
new approaches in personalized medicine, where treatment is tailored to

individual needs.



From an economic standpoint, the identification of these biomarkers
and the adoption of preventive measures will have a positive impact on
healthcare systems by reducing costs associated with the treatment of GSI
complications and improving the efficiency of prenatal care.

From an educational and cultural standpoint, advancements in this
research field will expand scientific knowledge about pregnancy and
associated metabolic disorders. This knowledge will be shared through
publications, conferences, and other means of dissemination, contributing
to medical education and public awareness of the importance of proper

nutrition during pregnancy.
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Secao 1

Trajetéria Académica l




Desde crianca, fui interessada por alimentacdo saudavel e elaboracdes de
receitas culinarias. Além disso, sempre tive uma rotina equilibrada com a prética de
exercicios fisicos diarios e fiz ballet por anos.

Quando cheguei ao terceiro colegial, optei por fazer Nutricdo apdés um teste
vocacional na escola, e iniciei meus estudos. Escolhi a nutricdo como profissdo com
0 intuito de ajudar as pessoas a se sentirem melhores e serem mais saudaveis,
podendo prevenir futuras doencas.

Na época da faculdade, a disciplina que mais me chamava a atencado era a
de nutricAo materno-infantil, a que mais gostava e me identificava. A apostila de
nutricdo materno-infantil era a mais utilizada e lida.

Depois de me formar em 2012, comecei a clinicar em minha cidade, Jad, e
fazer especializacdo em nutricdo clinica e aprimoramento hospitalar. Atendia
gestantes e criancas, e trabalhei, temporariamente, na maternidade Santa Isabel em
Bauru. Mas, uma coisa ndo saia da minha mente, desde a saida da faculdade, a
vontade de fazer Mestrado, o desejo era grande.

Apds dois anos clinicando em Jal, conheci uma Prof.? da especializacio,
Dra. Maria Fernanda Biagioni, que me falou da oportunidade de fazer Mestrado em
Botucatu com o grupo de pesquisa de doencas endocrinologicas comandado pela
Prof.? Titular Célia Regina Nogueira.

Em 2015, entrei no Mestrado em Fisiopatologia em Clinica Médica pela FMB-
UNESP com bolsa FAPESP (processo: 14/15529-0) e fiz sanduiche na Universidade
de Lisboa, em Portugal. O estagio internacional foi na Universidade de Lisboa pelo
projeto: “RNA regulomics the role of non coding RNA in human health and disease”.
Também, na época do mestrado fui membro da comissdo permanente de pesquisa
por 1 ano da FMB-UNESP.

Depois de concluir meu mestrado em 2017, decidi me aperfeicoar na
pesquisa clinica e conheci o grupo de pesquisa Diamater através da Dra. Juliana
Floriano. Me interessei pelos projetos do grupo voltados para a populacdo de
gestantes. No grupo Diamater, estavam precisando de alguém para realizar analise
de expressao proteica, e como tinha experiéncia nessa pratica, integrei no grupo de
pesquisa Diamater como bolsista PROPe no Apoio a Equipamentos Multiusuarios
da UNESP (Projeto Vigentes de Grande Porte) sob responsabilidade da Prof.?
Emérita Marilza Vieira Cunha Rudge.

Em 2019, comecei o Doutorado em Tocoginecologia com a Prof.* Emérita

30



Marilza Vieira Cunha Rudge e coorientadora Prof.? Dra. Angélica Mércia Pascon
Barbosa com bolsa FAPESP (processo: 18/22905-9) na area que tanto almejo de
nutricdo materno-infantil desde a faculdade, o que fiquei muito feliz e gratificada.
Esses quatro anos de Doutorado foram intensos e cresci na carreira académica de

forma excelente com publicacfes, apresentacdes, experimentos e aulas.
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Secao 2

Contextualizacao




Conhecimento das possiveis alteracdes promovidas pelo Diabetes Mellitus
Gestacional em nivel de nutrientes e da expressado de seus receptores para
fornecer informagdes para a identificagdo de biomarcadores para a
Incontinéncia Urinaria Especifica da Gestagao

O Diabetes Mellitus Gestacional (DMG) mesmo tratado de acordo com
padrdes internacionais da American Diabetes Association (ADA), e institucionalizado
no Centro de Investigacao do Diabete Perinatal (CIDPN- projeto InfralV da Fapesp),
esta associado com a maior ocorréncia de Incontinéncia Urinaria (IU) 2 anos pos-
parto cesérea.

O tratamento com dieta isolada ou associada a insulina foi insuficiente para
evitar o efeito deletério da hiperglicemia gestacional controlada sobre a IU —
especifica da gestacao (IU-EG) que foi fator de risco para IU 2 anos pos-parto e
disfuncdo muscular do assoalho pélvico. Barbosa et al., 2011 [1], a procura de
marcadores dessa miopatia caracteriza o projeto tematico Diamater intitulado
“Coorte da triade gestacional: hiperglicemia, incontinéncia urinaria e perfil clinico,
molecular e 6mico da miopatia hiperglicémica na predicdo de incontinéncia e
disfuncdo muscular e pesquisa translacional com biodevice para regeneracéo
muscular em ratas” (Processo FAPESP: 2016/01743-5).

O Modelo Conceitual Integrado do Diamater estabelecido (Figura 1) evidencia
essa relacdo entre DMG e IU-EG, miopatia hiperglicémcia e IU 12 meses pOs-

cesarea.

Modelo Conceitual Integrado do Diamater

Nova

ontdado
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Modolo
intogrado do
U 1 0n0 A .
P Vinaetaio
pés-porto g telico
disa e
nonu

Miopatia hiperglicémica
gostaclonal
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Figura 1. Modelo Conceitual
Integral do Diamater entre DMG, Ul-
EG e miopatia hiperglicémica na
prevaléncia de Ul em longo prazo.
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A presente tese de Doutorado se insere como variavel moderadora que
precisa ser analisada em profundidade para avaliar o impacto da variavel preditora
(DMG e IU-EG) sobre o desfecho (IU 12 meses pés-parto ceséaria). Nessa tese de
Doutorado, a varidvel mediadora (Miopatia hiperglicémica) ndo foi analisada (Figura
2).

Potenciais Moderadores
Qualidade do controle glicémico
Nivel glicmico
e Terapia e dosagem de insulina |
- Idade maternal s
- IMC pré-gravidez s
Pl Pardmetros nutricionais maternos ~

-
- ~
£

Variaveis de Previséo Varidvel de Resultad
Diabetes Mellitus Gestacional (DMG) ariavel de Resultado

I - — Incontinéncia Urinaria (1U)
Incontinéncia Urindria

Especifica da Gravidez (IUEG) 12 meses apos a cesariana

Potenciais Mediadores
Musculo reto abdominal (MRA) +
Musculo do assoalho pélvico (MAP)
Parametros de miopatia

Figura 2. Mediadores e moderadores entre a variavel preditora e o desfecho do
DIAMATER (Projeto Tematico).

Durante o periodo gestacional, a mulher passa por diversas adaptacfes
enddcrinas e metabdlicas desde modificacbes na sensibilidade a insulina até
alteracbes nos niveis circulantes do colesterol [2,3]. Com esses eventos, ocorre a
producdo de hormdnios como é o caso do lactogénio placentario conforme o
crescimento placentario. A placenta € o 6rgdo separador da circulacdo materna e
fetal, e a secrecdo de hormdnios € associada ao efeito anti-insulina proporcionado
por horménios, o que contribui para a progressao da resisténcia insulinica, tendo o
tecido muscular da gestante maior impacto com a resisténcia insulinica do que o
tecido gorduroso [4]. Além disso, ainda no primeiro trimestre da gravidez, a
resisténcia a insulina encontra-se em niveis normais, porém, conforme a evolucao
da gestacdo, essa condicdo tende a aumentar e levar ao quadro possilvelmente
diabetogénico associado a outros fatores maternos como a idade avancada e a
obesidade [5].

O DMG é caracterizado pela hiperglicemia e qualquer nivel de intolerancia a

glicose diagnosticado durante a gravidez pelo rastreamento entre 24-28 semanas
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gestacionais [5,6]. As mulheres que apresentaram disfuncbes metabdlicas
subclinicas tais como sensibilidade a insulina e/ou producdo pancreéatica nao
adequada previamente a gravidez, possuem mais chances de desenvolver o DMG,
bem como as gestantes obesas. Ao contrario, aquelas gestantes com peso normal
tem menor probabilidade de desenvolver o DMG [2,3]. O DMG é a desordem
metabdlica mais comum na gestacdo. A prevaléncia mundial de DMG ¢é de 14%,
resultante em 20 milhdes de nascimentos por ano [7]. As possiveis causas do DMG
nao sdo bem estabelecidas, porém o status nutricional, sedentarismo, predisposicao
genética e obesidade sdo as mais investigadas [8]. As alteracdes nos niveis do
lactogénio placentario e fator de crescimento semelhante a insulina tipo 1 séo
relacionadas com o desenvolvimento do DMG [8,9]. Além disso, o0 DMG promove
efeitos deletérios perinatais e tardios para o recém-nascido e para a gestante [9]. Os
recém-nascidos de maes com DMG tem maiores chances de desenvolver
macrossomia, distécia de ombro, hipoglicemia neonatal, sindrome do desconforto
respiratério e obesidade na vida adulta [2,3,9]. Na gestante, h4 maior probabilidade
de desenvolver diabetes mellitus do tipo 2 e complicacbes como a miopatia
diabética [8,9]. Também, a obesidade foi determinada como risco para o
desenvolvimento da IU devido a pressdo excessiva intra-abdominal e pélvica da
gordura [10-12].

Desta forma, nosso grupo de pesquisa “Diabetes e Gravidez - Clinico e
Experimental” (CNPq - Faculdade de Medicina de Botucatu — UNESP) vem
estudando, desde 2006, a relacdo da IU associado com o DMG [13-14], entretanto
esse quadro clinico junto a ingestdo de macronutrientes e micronutrientes dietéticos,
medidas antropométricas e dosagens bioquimicas, bem como a expressdo de
receptores relacionados a nutrientes ainda ndo esta elucidada nesse contexto.

O adequado estado nutricional materno € essencial para o desenvolvimento
fetal e a ingestdo de nutrientes em quantidades adequadas, segundo a “Dietary
Reference Intakes” [15], proporciona a mulher uma gestacdo normal, pois alteracfes
metabdlicas como a hiperglicemia levam a modificacbes na absorcao,
metabolizacdo, excrecdo e biodisponibilidade de nutrientes, bem como na
expressdo de seus receptores. As quantidades de nutrientes em gestantes com
DMG e IU-EG séo pouco conhecidas, no momento apenas alguns estudos [16-20]
descreveram essas condi¢des clinicas separadamente, mas ndo associadas, e

também nédo na condicdo de IU-EG. Além disso, o diagnéstico das deficiéncias de
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micronutrientes deve ser melhorado, ja que os estudos sao limitados em relagcéo as
varias idades gestacionais e paridade.

Os micronutrientes fazem parte da composi¢cdo de novas células, fatores de
transcricdo, enzimas e retardam o estresse oxidativo na gestacdo, porém o
consumo inadequado de micronutrientes pode comprometer esses processos
metabdlicos. A caréncia de nutrientes leva a diminuicdo da fertilidade materna,
alteracbes no peso do recém-nascido e resisténcia insulinica na vida adulta do
bebé. Além disso, habitos alimentares errbneos, falha na absorcdo intestinal,
tabagismo e adaptacbes maternas gestacionais (cardiovasculares, gastrointestinais
e renais) afetam ainda mais as deficiéncias nutricionais [19-21]. Gestantes fumantes
tém as concentracdes de vitamina A, C, e E diminuidas na corrente sanguinea
comparadas aquelas gestantes nao fumantes [19].

Durante a gestacdo, a hiperglicemia provoca modificacdes mitocondriais
placentarias, desequilibrio na homeostase do ferro e aumento das espécies reativas
de oxigénio (ROS) [22]. A vitamina A, C e E sao potentes antioxidantes e auxiliam
na reversao do estresse oxidativo, visto ser amplamente documentado na literatura.
A Organizacdo Mundial da Saude evidenciou que 50% das gestantes tem
deficiéncia de vitamina A durante a gestacao [19]. Também, durante esse periodo,
h&a um maior fluxo sanguineo materno, sendo frequente a caréncia de vitamina C,
além dessa condicdo ser rotineira. De acordo com Mangir et al. [23], a vitamina C
atua como cofator na producdo da enzima prolil hidroxilase, responsavel pela
formacdo da reticulacdo de fibrilas de colageno do tecido conjuntivo do assoalho
pélvico. A falha no processo de sintese e degradacdo do colageno, devido a
caréncia da vitamina C, leva ao desenvolvimento da IU [19]. Ainda de acordo com
Monaco et al. [24], altos niveis de vitaminas antioxidantes auxiliam na reducéo dos

danos ocasionados pela miopatia diabética.
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Figura 3. Consequéncias do excesso e da deficiéncia de micronutrientes (vitamina A,
vitamina C, vitamina E, magnésio, zinco e ferro). Sinal Positivo (+): excesso do
micronutriente; Sinal negativo (-): deficiéncia do micronutriente.

Portanto, o objetivo da presente tese de doutorado foi descrever as
alteracbes no estado nutricional maternas, niveis de macronutrientes e
micronutrientes dietéticos, exames bioquimicos, marcadores de estresse oxidativo e
a analise da expressado génica e proteica de receptores especificos em gestantes
com DMG e IU-EG.

Assim, o conhecimento das possiveis alteracdes promovidas pelo DMG ao
nivel de macronutrientes e micronutrientes, bem como da expressao de seus
receptores especificos, podem fornecer informacdes para a identificacdo de
biomarcadores para a IU-EG, além de subsidiar a pratica clinica com medidas
terapéuticas e/ou preventivas por meio da alimentacdo adequada e/o
suplementacao nutricional, ampliando as areas de estudos nessas doencgas.

Os resultados obtidos na tese estdo apresentados em 2 artigos de acordo o
respectivo objetivo:

Artigo 1 - Role of Dietary Food Intake Patterns, Antropometric Measures and
Multiple Biochemical Markers in the Development of Pregnancy Specific Urinary
Incontinence in Gestational Diabetes Mellitus.

Artigo 2 - Transferrin Receptor Gene and Protein Expression are Reduced in

Diabetic Pregnant Women with Specific Urinary Incontinence of Pregnancy.
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Secao 3

Resumos Expandidos




Resumo da Tese




Costa, S. M. B. Niveis de Nutrientes e da Expressdo de Seus Receptores em
Mulheres com Diabetes Mellitus Gestacional e Incontinéncia Urinaria
Especifica da Gestacdo. 2023. Defesa para obtencdo de titulo (Doutorado) —
Faculdade de Medicina de Botucatu (FMB), Universidade Estadual Paulista
(UNESP), Brasil.

Introducdo: Durante o periodo gestacional, o corpo da gestante sofre diversas
adaptacdes endocrinas e metabdlicas, desde alteragcdes na sensibilidade a insulina
até alteracbes nos niveis circulantes do hormdénio lactogénio placentario e
colesterol, & medida que a placenta estd em desenvolvimento. O Diabetes Mellitus
Gestacional (DMG) é caracterizado por qualquer grau de intolerancia a glicose,
hiperglicemia e diagnosticado pela primeira vez durante a gestagcédo. Nosso grupo de
pesquisa “Diabetes e Gravidez - Clinico e Experimental” (CNPq - Faculdade de
Medicina de Botucatu — UNESP) vem estudando, desde 2006, a relacdo da
Incontinéncia Urinaria (IU) associado com o DMG, entretanto esse quadro clinico
junto ao estado nutricional materno, papel dos macronutrientes e micronutrientes
dietéticos, exames bioquimicos e da expressdo de seus receptores em gestantes
com DMG e Incontinéncia Urinaria Especifica da Gestacdo (IU-EG) ainda ndo esta
elucidado. O estado nutricional materno adequado é essencial para o
desenvolvimento fetal e a ingestdo de vitaminas e minerais em quantidades
adequadas, de acordo com as DRIs, proporciona a mulher uma gestacdo saudavel,
uma vez que as alteracbes metabdlicas como a hiperglicemia levam a alteracdes na
absorcao, metabolismo, excrecéo e biodisponibilidade de nutrientes. A identificacéo
precoce de deficiéncias nutricionais deve ser aprimorada, pois 0s estudos sao
limitados em relacdo as varias idades gestacionais e paridade. A falta de
micronutrientes leva a reducéo da fertilidade materna, alteracdes no peso corporal
do recém-nascido e resisténcia insulinica na vida adulta do recém-nascido como
descrito na literatura. Além disso, habitos alimentares errdneos, falha na absorcdo
intestinal, tabagismo e adaptacbes maternas gestacionais (cardiovasculares,
gastrointestinais e renais) afetam ainda mais as deficiéncias nutricionais maternas.
A deficiéncia de vitamina A é um problema de saude publica durante o terceiro
trimestre de gestacdo, e seu excesso esta associado a defeitos congénitos. Além
disso, durante o periodo gestacional, 30,8% das gestantes no Brasil apresentam

deficiéncia de vitamina C. As quantidades de nutrientes em gestantes com DMG e
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IU-EG sé@o pouco conhecidas, no momento apenas alguns estudos descreveram
essa condicao clinica. Além disso, o diagndstico das deficiéncias de nutrientes deve
ser melhorado, ja que os estudos séo limitados.

Justificativa: Desta forma, o impacto das adaptacdes hemodinamicas,
cardiovasculares, renais e gastrointestinais em relacdo aos niveis de nutrientes
deve ser considerado durante a gestacdo. Idealmente, os estudos que investigam o
efeito dos micronutrientes no DMG devem medir a ingestdo alimentar e os niveis
bioguimicos de micronutrientes. Assim, o conhecimento das possiveis alteracfes
promovidas pelo DMG ao nivel de nutrientes e da expressao de seus receptores
especificos podem fornecer informacdes para a identificacdo de biomarcadores para
a IU-EG, além de subsidiar a préatica clinica com medidas terapéuticas e/ou
preventivas por meio da alimentacdo adequada e/o suplementac&o nutricional,
ampliando os estudos na area.

Objetivos: Artigo 1) Avaliamos os padrdes de ingestdo de alimentos da dieta
maternos, medidas antropométricas e multiplos marcadores bioquimicos em
mulheres com DMG e IU-EG, e exploramos se 0 ambiente anterior ao DMG afeta o
desenvolvimento da IU-EG em uma coorte de mulheres gravidas com DMG e IU-
EG.

Artigo 2) Descrever as alteracdes da expressdo génica e expressao proteica dos
receptores/canal (MTF1, RXRA, TRPM6 e TFRC) relacionados a nutrientes, e
marcadores de estresse oxidativo (carbonilacéo de proteinas e peroxidacao lipidica)
em gestantes com DMG e IU-EG.

Métodos: Artigo 1) Este foi um estudo transversal do estudo de coorte “Diamater”
realizado em 900 mulheres gestantes. O desenho do estudo incluiu trés grupos
controle, ou seja, ndo DMG continente (NG-C), ndo DMG incontinente (NG-IU) e
DMG continente (DMG-C), e um grupo DMG incontinente (DMG-IU) como grupo
estudo. As informacdes dietéticas maternas foram coletadas por um recordatorio
alimentar de 24-48 horas, uma ferramenta de avaliagdo da dieta na qual os
participantes foram solicitados a recordar todos os alimentos e bebidas que
consumiram nas ultimas 24 horas e 48 horas (inquérito alimentar). As medidas
antropomeétricas incluiram as circunferéncias do brago, pulso, cintura, quadril e
muscular do braco, e dobra cutanea do triceps. As 24 semanas de gestacdo, com
uma amostra de pungdo venosa em jejum, amostras de sangue atuais para

marcadores bioquimicos de hormdnios, vitaminas e minerais foram analisadas. O
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DMG foi diagnosticado por um teste oral de tolerancia a glicose a 75g em 24
semanas de gestacao, e o “International Consultation on Incontinence Questionnaire
- Short Form” (ICIQ-SF) para IU. Urogenital Distress Inventory-Short Form e
Incontinence Severity Index (ISI-short form) foram aplicados. Questionarios
baseados em sintomas de acordo com a International Continence Society foram
usados para detectar se o vazamento involuntario de urina comecou durante a
gravidez para caracterizar IU-EG. Os grupos foram comparados em termos de
variaveis numéricas usando ANOVA para amostras independentes seguidas de
comparacdes multiplas com pos-teste de Bonferroni. Para variaveis categoricas, 0s
grupos foram comparados por meio dos testes qui-quadrado ou exato de Fisher. A
andlise foi realizada com o software SPSS 21.

Artigo 2) Andlise da expressado génica pelo PCR em tempo real (qPCR) dos genes
FPGS, MTF1, RXRA, TRPM6, TRAP1 e TFRC e analise da expresséao proteica pelo
Western Blot dos genes MTF1, RXRA, TRPM6 e TFRC. Os marcadores de estresse
oxidativo foram feitos por carbonilacdo de proteinas e pelos niveis de
malondialdeido, utilizando o soro das pacientes gestantes.

Resultados: Artigo 1) Das 900 mulheres gestantes com dados completos, 334
desenvolveram DMG (critérios IADPSG, OGTT 24-28 semanas). As gestantes do
grupo DMG-IU apresentaram maior peso pré-gestacional, ganho de peso durante a
gravidez, IMC durante a gravidez, circunferéncia do brago, circunferéncia da cintura,
circunferéncia muscular do braco e dobra cutanea triciptal do que os grupos NG-C e
NG-IU, caracterizando um ambiente materno obesogénico. Em relacdo a ingestao
de alimentos dietéticos, foi observado um aumento significativo de aminoacidos
aromaticos, aminoacidos ramificados, cromo, fibra alimentar, magnésio e zinco no
grupo DMG-IU em comparacdo com o grupo NG-C. Houve uma diminuicdo
significativa de célcio, gorduras poliinsaturadas e gorduras saturadas no grupo
DMG-IU em comparagdo com o grupo NG-IU. A vitamina C sérica foi reduzida no
grupo DMG-IU em comparacdo com o grupo NG-IU. Os niveis de insulina foram
maiores no grupo DMG-IU em comparacdo com o0 grupo NG-IU. Nos niveis
hormonais maternos, o hormonio lactogénio placentario foi menor no grupo DMG-I1U
em comparacao com o grupo NG-C.

Artigo 2) Um aumento significativo de magnésio, vitamina D e zinco dietético foi
observado no DMG-IU em comparagdo com o grupo controle NG-C. As expressoes

dos genes RXRA e TRFC foram diminuidas no grupo DMG-IU em comparag¢do com
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o grupo DMG-C. Nao foram encontradas diferencas significativas na expressao
génica de FPGS, MTF1, TRAP1 e TRPM6 em relacdo ao grupo do estudo e aos
demais grupos controle. Além disso, a expressédo proteica de TRFC foi diminuida no
grupo DMG-IU em comparagdao com o grupo DMG-C. Nao foram encontradas
diferencas significativas na expressédo proteica de MTF1, RXRA e TRPM6 e os
marcadores de estresse oxidativo em relacdo ao grupo estudo em comparagcado aos
grupos controle.

Conclusédo: Artigo 1) Este estudo enfatiza a necessidade de uma estratégia
abrangente para mulheres DMG com IU-EG em termos de desvio na adaptacdo
materna tendendo a obesidade e deficiéncias maternas de micronutrientes.
AdaptacOes maternas que tendiam para a obesidade, com ingestao de alimentos
dietéticos demonstram uma deficiéncia materna mudultipla de micronutrientes, e
aumento significativo de aminoacidos aromaticos, aminoacidos ramificados, cromo,
fibra dietética, magnésio e zinco, e diminui¢cdo de calcio, gorduras poliinsaturadas e
saturadas gorduras. Houve também niveis hiperinsulinémicos e niveis mais baixos
de hormoénio lactogénio associados a baixos niveis de vitamina C. Este estudo
também ressalta a necessidade de focar em fatores modificaveis pré-gravidez como
uma oportunidade para a prevencdo do DMG, aumentando a ingestao de frutas e
vegetais folhosos verde-escuros para beneficio em mulheres com DMG e IU-EG.
Artigo 2: Compreender os processos celulares que regulam a homeostase do ferro,
como o TRFC, é essencial para buscar novos tratamentos para doencas como o
DMG. Além disso, 0 achado quanto a expressdo do TRFC em gestantes com DMG
e IU-EG pode ser utilizado como ferramenta para intervencao nutricional e/ou
farmacoldgica nessa populagdo de gestantes. Assim, a pratica da nutrigenémica
auxiliard no tratamento de doencas nao transmissiveis como o DMG, sendo o futuro
da nutricdo individualizada para melhor atender os pacientes em suas necessidades

e utilizar a terapéutica adequada.

Palavras-chave: Diabetes Gestacional; Incontinéncia Urinaria; Minerais; Vitaminas;

Expressao Génica; Estresse Oxidativo.
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Thesis Abstract




Costa, S. M. B. Nutrient Levels and Their Receptor Expression in Women with
Gestational Diabetes Mellitus and Pregnancy-Specific Urinary Incontinence.
2023. Doctorate - Botucatu Medical School (FMB), Sdo Paulo State University
(UNESP), Brazil.

Introduction: During the gestational period, the pregnant body undergoes various
endocrine and metabolic adaptations, from changes in insulin sensitivity to changes
in the circulating levels of placental lactogenic hormone and cholesterol, as the
placenta develops. Gestational Diabetes Mellitus (GDM) is characterized by any
degree of intolerance to glucose, and hyperglycemia and is diagnosed for the first
time during pregnancy. Our research group "Diabetes and Pregnancy - Clinical and
Experimental” (CNPqg — Botucatu Medical School - UNESP) has been studying, since
2006, the relationship of Urinary Incontinence (Ul) associated with GDM, meanwhile
this clinical together with state maternal nutrition, the role of dietary macronutrients
and micronutrients, biochemical tests and the expression of their receptors in
pregnant women with GDM and Specific Urinary Incontinence of Gestation (PSUI) is
still not elucidated. Adequate maternal nutritional status is essential for fetal
development and the intake of vitamins and minerals in adequate amounts,
according to the DRIs, provides women with a healthy pregnancy, since metabolic
changes such as hyperglycemia lead to changes in absorption, metabolism,
excretion and bioavailability of nutrients. Early identification of nutritional deficiencies
should be improved, as studies are limited to different gestational ages and parity.
The lack of micronutrients leads to reduced maternal fertility, changes in the
newborn's body weight, and insulin resistance in the newborn's adult life, as
described in the literature. In addition, erroneous eating habits, failure in intestinal
absorption, smoking, and maternal gestational adaptations (cardiovascular,
gastrointestinal, and renal) further affect maternal nutritional deficiencies. Vitamin A
deficiency is a public health problem during the third trimester of pregnancy, and its
excess is associated with birth defects. In addition, during the gestational period,
30.8% of pregnant women in Brazil have vitamin C deficiency. The amounts of
nutrients in pregnant women with GDM and PSUI are little known, at the moment
only a few studies have described this clinical condition. Furthermore, the diagnosis
of nutrient deficiencies should be improved, as studies are limited.

Justification: Thus, the impact of hemodynamic, cardiovascular, renal, and
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gastrointestinal adaptations about nutrient levels should be considered during
pregnancy. Ideally, studies investigating the effect of micronutrients on GDM should
measure dietary intake and biochemical levels of micronutrients. Thus, knowledge of
the possible alterations promoted by GDM in terms of nutrients and the expression of
its specific receptors can provide information for the identification of biomarkers for
PSUI, in addition to subsidizing clinical practice with therapeutic and/or preventive
measures through adequate food and/or nutritional supplementation, expanding
studies in the area.

Aims: 1) We assessed maternal dietary food intake patterns, anthropometric
measures, and multiple biochemical markers in GDM women with PSUI and we
explored whether antedating GDM environment affects the PSUI development in a
cohort of pregnant women with GDM and PSUI.

2) Describe changes in gene expression and protein expression of
receptors/channels (MTF1, RXRA, TRPM6, and TFRC) related to nutrients, and
markers of oxidative stress (protein carbonylation and lipid peroxidation) in pregnant
women with GDM and PSUI.

Methods: 1) This was a cross-sectional study of the “Diamater” cohort study
conducted on 900 pregnant women. The study design included three control groups,
i.e. non-GDM continent (non-GDM-C), non-GDM incontinent (nhon-GDM-PSUI) and
GDM continent (GDM-C), and a GDM incontinent group (GDM-PSUI) as group
study. Anthropometric measurements included arm, wrist, waist, hip, and arm
muscle circumferences, and triceps skinfolds. At 24 weeks of gestation, with a
fasting venipuncture sample, current blood samples for biochemical markers of
hormones, vitamins, and minerals were analyzed. GDM was diagnosed by an oral
glucose tolerance test at 75g at 24 weeks of gestation, and the “International
Consultation on Incontinence Questionnaire - Short Form” (ICIQ-SF) for UL
Urogenital Distress Inventory-Short Form and Incontinence Severity Index (ISl-short
form) were applied. Symptom-based questionnaires according to International
Continence Society were used to detect if the involuntary leakage of urine started
during pregnancy to characterize PSUI. The groups were compared in terms of
numerical variables using ANOVA for independent samples followed by multiple
comparisons with Bonferroni correction. For categorical variables, the groups were
compared using Chi-square or Fisher's exact tests. Analysis was performed with
SPSS 21 software.
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2) Analysis of gene expression by real-time PCR (g-PCR) of FPGS, MTF1, RXRA,
TRPM6, TRAP1, and TFRC genes and analysis of protein expression by the
Western Blot of genes MTF1, RXRA, TRPM6, and TFRC. Oxidative stress markers
were made by protein carbonylation and malondialdehyde levels using patients'
serum.

Results: 1) Of the 900 pregnat women with complete data, 334 developed GDM
(IADPSG criteria, OGTT 24-28 weeks). Pregnant women in the GDM-PSUI group
had higher pre-gestational weight, weight gain during pregnancy, BMI during
pregnancy, arm circumference, waist circumference, arm muscle circumference, and
triceps skinfold than the non-GDM-C and non-GDM-PSUI groups, characterizing an
obesogenic maternal environment. Regarding dietary food intake, a significant
increase in aromatic amino acids, branched amino acids, chromium, dietary fiber,
magnesium, and zinc was observed in GDM-PSUI group compared to the non-GDM-
C group. There was a significant decrease in calcium, polyunsaturated fats, and
saturated fats in the GDM-PSUI group compared to the non-GDM-PSUI group.
Serum vitamin C was reduced in the GDM-PSUI group compared to the non-GDM-
PSUI group. The insulin levels were higher in GDM-PSUI group compared to the
non-GDM-PSUI group. In maternal hormone levels, the placental lactogen hormone
was lower in the GDM-PSUI group compared to the non-GDM-C group.

2) A significant increase in magnesium, vitamin D and zinc dietary was observed in
the GDM-PSUI compared to the non-GDM-C control group. RXRA and TRFC gene
expressions were decreased in the GDM-PSUI group compared to the GDM-C
group. No significant differences were found in the gene expression of FPGS, MTF1,
TRAP1 and TRPM6 in relation to the study group and the other control groups.
Furthermore, TRFC protein expression was decreased in the GDM-PSUI group
compared to the GDM-C group. No significant differences were found in the protein
expression of MTF1, RXRA, and TRPM6, and oxidative stress markers in relation to
the study group compared to the control groups.

Conclusion: 1) This study emphasizes the necessity for a comprehensive strategy
for GDM women with PSUI in terms of deviation in maternal adaptation trending
toward to obesity and maternal micronutrientes deficiencies. In this cohort of women
at GDM diagnosis, the maternal environment in GDM women with PSUI
demonstrated deviation in maternal adaptations which were trending toward obesity,

with dietary food intake demonstrate a multiple maternal micronutrient deficiencies
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significant increase in aromatic amino acids, branched amino acids, chromium,
dietary fiber, magnesium, and zinc and decrease in decrease in calcium,
polyunsaturated fats, and saturated fats. There were also hyperinsulinemic levels
and lower levels of lactogen hormone associated with low levels of vitamin C. This
study also underscores the need to focus on modifiable factors pre-pregnancy as an
opportunity for GDM prevention, increasing dietary intake of fruits and dark green
leafy vegetables as beneficial in women with GDM and PSUI.

2) To understand the cellular processes that regulate iron homeostasis, such as
TRFC, is essential to seek new treatments for diseases such as GDM. In addition,
the finding regarding the expression of TRFC in pregnant women with GDM-PSUI
can be used as a tool for nutritional and/or pharmacological intervention in this
population of pregnant women. Thus, the practice of nutrigenomics will help in the
treatment of non-communicable diseases such as GDM, being the future of
individualized nutrition to better serve patients in their needs and use the appropriate

therapy.

Keywords: Gestational Diabetes; Urinary incontinence; Minerals; Vitamins; Gene

expression; Oxidative stress.
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Abstract

Background: In the vast majority of cases, Pregnancy Specific Urinary Incontinence
(PSUI) antedate Gestational Diabetes Mellitus (GDM) diagnosis. It is uncertain
whether as gestation progresses, there is deviation in metabolic and nutritional
maternal adaptations to pregnancy in GDM with PSUI. We hypothesize that the
metabolic and nutritional mechanism predisposing to GDM may be important to
provide effective treatment to PSUI. Understanding the dominant mechanism
predisposing to GDM may be important to provide effective treatment in order to
improve perinatal outcomes.

Aims: We assessed maternal dietary food intake patterns, anthropometric
measures, and multiple biochemical markers in GDM women with PSUI and we
explored whether antedating GDM environment affects the PSUI development in a
cohort of pregnant women with GDM and PSUI.

Methods: This was a cross-sectional survey of the Diamater cohort study carried out
in 900 pregnant women. The study design included three control groups namely non-
GDM-C, non-GDM-PSUI, and GDM-C, and a GDM-PSUI as study group. Maternal
dietary information was collected by a 24-48 hour dietary recall chart, a dietary
assessment tool in which participants were asked to recall all food and drink they
have consumed in the last 24 hours. Anthropometric measurements included arm,
wrist, waist, hip, and arm muscle circumferences, and triceps skinfolds. At 24 weeks
of gestation, with a fasting venipuncture sample, current blood samples for
biochemical markers of hormones, vitamins, and minerals were analyzed. GDM was
identified by a 75 g oral glucose tolerance test at 24 weeks of gestation. The
“‘International Consultation on Incontinence Questionnaire - Short Form” (ICIQ-SF)
for Ul. Urogenital Distress Inventory-Short Form and Incontinence Severity Index
(ISl-short form) were applied. Symptom-based questionnaires according to
International Continence Society were used to detect if the involuntary leakage of
urine started during pregnancy to characterize PSUI. The groups were compared in
terms of numerical variables using ANOVA for independent samples followed by
multiple comparisons with Bonferroni correction. For categorical variables, the
groups were compared using Chi-square or Fisher's exact tests. Analysis was
performed with SPSS 21 software.

Results: Of the 900 pregnat women with complete data, 334 developed GDM
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(IADPSG criteria, OGTT 24-28 weeks). Pregnant women in the GDM-PSUI group
had higher pre-gestational weight, weight gain during pregnancy, BMI during
pregnancy, arm circumference, waist circumference, arm muscle circumference, and
triceps skinfold than the non-GDM-C and non-GDM-PSUI groups, characterizing an
obesogenic maternal environment. Regarding dietary food intake, a significant
increase in aromatic amino acids, branched amino acids, chromium, dietary fiber,
magnesium, and zinc was observed in GDM-PSUI group compared to the non-GDM-
C group. There was a significant decrease in calcium, polyunsaturated fats, and
saturated fats in the GDM-PSUI group compared to the non-GDM-PSUI group.
Serum vitamin C was reduced in the GDM-PSUI group compared to the non-GDM-
PSUI group. The insulin levels were higher in GDM-PSUI group compared to the
non-GDM-PSUI group. In maternal hormone levels, the placental lactogen hormone
was lower in the GDM-PSUI group compared to the non-GDM-C group.

Conclusion: This study emphasizes the necessity for a comprehensive strategy for
GDM women with PSUI in terms of deviation in maternal adaptation trending toward
to obesity and maternal micronutrients deficiencies. In this cohort of women at GDM
diagnosis, the maternal environment in GDM women with PSUI demonstrated
deviation in maternal adaptations which were trending toward obesity, with dietary
food intake demonstrate a multiple maternal micronutrient deficiencies significant
increase in aromatic amino acids, branched amino acids, chromium, dietary fiber,
magnesium, and zinc and decrease in decrease in calcium, polyunsaturated fats,
and saturated fats. There were also hyperinsulinemic levels and lower levels of
lactogen hormone associated with low levels of vitamin C. This study also
underscores the need to focus on modifiable factors pre-pregnancy as an
opportunity for GDM prevention, increasing dietary intake of fruits and dark green

leafy vegetables as beneficial in women with GDM and PSUI.

Keywords: Gestational diabetes; Maternal nutrition; Macronutrients; Micronutrients;

Anthropometry. Pregnancy Specific urinary Incontinence

56



Highlights

The most concerned and modifiable factor, dietary food intake plays a
significant role in human health.

However, less is known about the role of maternal metabolic and nutritional
adaptation to pregnancy just before the Gestational Diabetes Mellitus (GDM)
diagnosis on the etiology of Pregnancy Specific Urinary Incontinence (PSUI).
There was a significant decrease in calcium, polyunsaturated fats, and
saturated fats in the GDM-PSUI group compared to the non-GDM-PSUI
group.

Serum vitamin C was reduced in the GDM-PSUI group compared to the non-
GDMPSUI group.

Understanding the dominant mechanism predisposing to GDM may be
important to provide effective treatment in order to improve perinatal

outcomes.
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1. Introduction

Gestational diabetes mellitus (GDM) is characterized by a transitory form of
diabetes induced by insulin resistance and pancreatic B-cell dysfunction during
pregnancy. Untreated, GDM is related to an increased risk for adverse pregnancy
outcomes (Mclintyre et al., 2019). Pregnancy Specific-Urinary Incontinence (PSUI), a
Urinary Incontinence started for the first time in pregnhancy, may be considered a
short-term consequence for mothers with GDM (Barbosa, Adriano Dias, et al., 2011;
Chuang et al., 2012; Kim et al., 2008). However, less is known about the role of
maternal metabolic and nutritional adaptation to pregnancy just before the GDM
diagnosis on the etiology of PSUI. The analyses included anthropometric parameters
at the beginning and during pregnancy, laboratory values of glycated hemoglobin,
fructosamine, birth weight measures and the presence of neonatal complications.
This temporality between the onset of PSUI at an early gestational age and the later
development of GDM at around 24 weeks may be related to maternal nutritional and
metabolic adaptation. such as anthropometric parameters during pregnancy, dietary
intakes and multiple laboratory markers. Understanding these maternal adaptations
related to PSUI in GDM women allow us to introduce modifiable lifestyle factors to
prevent or delay the development of PSUI in early stage of GDM women’s life
(Ellerbrock et al., 2022).

PSUI in GDM womenis a risk fator for long-Urinary incontinence (Ul)
(Barbosa, Adriano Dias, et al., 2011; Sangsawang, 2014). PSUI, a symptom
undervalued by classical obstetric area remains rather controversial. However, the
direct association between GDM diagnosis and PSUI needs to be deeply analysed
as the associations has not been confirmed in early gestation. Few studies have
reported women with GDM to have a high prevalence of Ul due to higher body mass
index, obesity, and macrosomia in their infants (Melville et al., 2005; Saydah et al.,
2005). Although the exact mechanism remains unclear, excess weight gain during
pregnancy may exert pressure on the PFM, which increases pressure on the bladder
and influences urethral mobility, leading to Ul (Brown et al., 2003). Nutrition therapy,
defined as the use of nutrients and whole foods in the management of the disease
remains a cornerstone of GDM management. Although the evidence base on optimal
diets and foods as well as maternal blood levels of nutrients remains inconclusive

and warrants more studies (Basu et al., 2021).
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PSUI was described by the first time in 2002 (Hvidman et al., 2002). Since the
first detection of (Barbosa, Adriano Dias, et al., 2011) our research group detected
the GDM induced Myopathy (GDiM) as the underline etiological factor (Barbosa,
Dias, et al., 2011; Pinheiro et al., 2022; Prudencio et al., 2022; Sartordo Filho et al.,
2020; Vesentini et al., 2020). Maternal metabolic adaptation to pregnancy could be
involved with PSUI development in GDM women (Powe et al., 2016). PSUI may be
considered as one short consequences of GDM. According to the available
evidence, the pathophysiology of short term consequences of GDM is a complex and
still not a fully understood issue. However, it appears that an increase in insulin
resistance and an inability of beta cells to respond with sufficient insulin secretion are
crucial factors for development of GDM in predisposed pregnant women (Powe et
al.,, 2016). As insulin resistance physiologically increases in the second half of
pregnancy, GDM is most likely to be detected during this period. Gestational
diabetes, characterized by FPG = 5.1 mmol/L in early pregnancy, is associated with
higher body weight and BMI at the beginning of pregnancy (Krystynik et al., 2023).

BMI has been the focal assessment of GDM risk in weight heterogeneous
women, with relatively little attention to more direct measures of adiposity such as
skinfold thicknesses, and limb and waist circumferences which may better reflect
pathological distributions of adipose tissue (Hartz et al., 1983). In women with obesity
these measures when evaluated early in pregnancy, may add increased granularity
to maternal GDM risk assessment which BMI doesn’t provide. Gestational weight
gain (GWG) is associated with the development of GDM amongst weight
heterogeneous women, with one meta-analysis quoting an unadjusted odds ratio
(OR) of 1.40 (95% CI 1.21-1.61) for the association between excessive GWG and
GDM, with no evidence of interaction with maternal pre-pregnancy BMI (Brunner et
al.,, 2015). Despite this evidence, interventions designed to improve lifestyle or
reduce GWG in women with obesity, have not translated to a reduction in GDM
(Poston et al., 2015; Simmons et al., 2017; Syngelaki et al., 2016).

PSUI is a short-term consequence for mothers with GDM. Findings from prior
studies have demonstrated that Gestational Diabetic induced Myopathy ( GDiM)
seems to be the underline etiological factor (Barbosa, Adriano Dias, et al., 2011,
Pinheiro et al., 2022; Prudencio et al., 2022; Sartoréo Filho et al., 2020; Vesentini et
al., 2020). Although,for the most cases, PSUI antedate the own GDM diagnosis. For
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many years it was intensivily debates whether the poor outcomes associated with
GDM were due to maternal hyperglycemia per se or other risk factors. However, it
may be difficult to capture the overall effects of diet on health by studying the
relationship of single nutrient with diseases. Incorrect eating habits, failure in
intestinal absorption, smoking, and maternal adaptations to pregnancy, affect
maternal nutritional deficiencies during pregnancy (Cikot et al., 2001; Simpson et al.,
2010). Studies (Maged et al., 2016; Morisset et al., 2014) have associated either the
dietary intake of GDM women or the dietary intake of non-pregnant women with Ul
(Dallosso et al., 2004; Maserejian et al., 2010, 2011). Meanwhile, these two
associated clinical conditions, GDM and PSUI, need to be investigated.
Nevertheless, there remains insufficient studies concerning whether nutritional
maternal intake patterns,biochemical maternal markers and maternal anthropometric
measurements influences the PSUI development in GDM women.

For medical researchers, preventing the pancreatic 3-cell damage reducing
the GDM incidence are an incumbent responsability. This highly necessitates the
identification of the effects of nutrients on B-cell functionality and the prevention of
pancreatic B-cell impairment (Gong et al., 2022). Collectively, it is imperative to
identify the modifiable factors for GDM prevention, among which nutritional
strategies play an essential role. Maternal dietary intake in adequate (Dietary
Reference Intakes for Energy, Carbohydrate, Fiber, Fat, Fatty Acids, Cholesterol,
Protein, and Amino Acids, 2005; Kominiarek & Rajan, 2016; Ma et al., 2021; Trumbo
et al., 2001) amounts provides women with a healthy pregnancy and adequate safe
fetal development, since metabolic changes, such as hyperglycemia, lead to
changes in the absorption, metabolism, excretion, and bioavailability of nutrients
(Cikot et al., 2001; Mcardle et al., 1999; J. L. Simpson et al., 2010b).

Nutrients are part of the composition of new cells, transcription factors, and
enzymes and delay oxidative stress during pregnancy (Gombart et al., 2020;
Manford et al., 2021; J. L. Simpson et al., 2010b; Tobota-Wrébel et al., 2020). During
pregnancy, hyperglycemia causes placental mitochondrial changes, imbalance in
iron homeostasis, cell apoptosis, and increased reactive oxygen species (ROS)
(Gombart et al., 2020; Pereira & Martel, 2014; Zhuang et al., 2014). Some studies
(Dallosso et al., 2004; J. H. Lee & Lee, 2017; Maserejian et al., 2010, 2011) have
shown nutrient imbalances related to female urinary tract symptoms or Ul. According

to (Maserejian et al., 2010, 2011), higher consumption of saturated fats, as opposed
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to polyunsaturated fats, was associated with Ul, with the type of fat being related to
the development and progression of Ul. Regarding vitamins, Vitamin A deficiency is
a problem during the third trimester of pregnancy (Biesalski & Nohr, 2003; Radhika,
2002; Semba & Bloem, 2002), and 30.8% of Brazilian pregnant women have vitamin
C deficiency (Dror & Allen, 2012; Rumbold et al., 2015; Siega-Riz et al., 2003).
Vitamin C is a collagen stimulator, important for the connective tissue, acting as a
cofactor in the production of the enzyme prolyl hydroxylase, responsible for the
formation of the cross-linking of collagen fibrils in the connective tissue of the pelvic
floor (Mangir et al., 2016). In vitamin C deficiency, there is a failure in the process of
synthesis and degradation of collagen, with defective production and/or decrease in
collagen being associated with the development of Ul (Mangir et al., 2016; Weber et
al., 2004). In the study by (Lee & Lee, 2017) dietary amounts of vitamin C and
vitamin E were similar in 661 incontinent women and 1322 continent women.
According to (Monaco et al.,, 2017), high levels of antioxidant vitamins assist in
reducing the damage caused by diabetic myopathy.

In a meta-analysis of 18 randomized controlled trials on dietary modifications
in GDM, low-glycemic-index diets or manipulation of dietary fats and proteins
revealed a decrease in maternal hyperglycemia and risks of macrosomia. However,
owing to large variations in dietary exposure and participant characteristics in the
reported studies, challenges remain in reaching a consensus on the best dietary
practices to decrease risks of GDM (Yamamoto et al., 2018). GDM has been
identified as the commonest medical pregnancy complication. It has a growing
problem around the world as the obesity epidemic continues and is one of the major
obstacles in achieving improved maternal health (Simmons, 2019).

To better understand the maternal environment antedating the real
hyperglycemic medium (after the GDM diagnoses) related to the emergence of
PSUI ilinesses, this project was delineate. Our hypothesis is that before maternal
hyperglycemia environment have been identified (GDM diagnosis), other maternal
nutritional characteristics may be found. We hypothesize that GDM women with
inadequate maternal environment have higher risk of developing PSUI.

Thus, the main aim of present study was to investigate maternal dietary
nutrient patterns during pregnancy and to address the anthropometric measures and
serum concentration of vitamins, minerals, and hormones in GDM-PSUI women

assessed in the early second and third trimester.
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2. Patients and method
2.1. Capture of pregnant patients in the study

The cross-sectional study took place between June 2020 and October 2021.
For the present cross-sectional study, pregnant women were representatively
selected from the FAPESP Thematic Project (process: 2016/01743-5) entitled
“Cohort of the gestational triad: hyperglycemia, urinary incontinence and clinical,
molecular and omic profile of hyperglycemic myopathy in the prediction of
incontinence and muscle dysfunction and translational research with biodevice for
muscle regeneration in female rats”. The pregnant women were divided into four
groups: non-GDM continent (non-GDM-C), non-GDM incontinent (non-GDM-PSUI),
GDM continent (GDM-C) and GDM incontinent (GDM-PSUI). The study design
included three control groups namely non-GDM-C, non-GDM-PSUI, and GDM-C. All
pregnant women were evaluated at one stage of pregnancy, monitored in Perinatal
Diabetes Research Center, Clinical Hospital of Botucatu Medical School (FMB) after
signing the Informed Consent Form. The study was approved by the Research
Ethics Committee of FMB, S&o Paulo, Brazil (CAAE: 82225617.0.0000.5411). The
collection of biological material from the pregnant women was carried out at the
Perinatal Diabetes Research Center of the Clinical Hospital of FMB. As inclusion
criteria, all primiparous or second pregnant women with previous elective cesarean
section, aged over 18 years, without collagen-related diseases, without malignant
neoplasms, without active infection by the hepatitis A virus, hepatitis B or hepatitis C
and HIV, without diseases degenerative muscles, miscarriages, with or without a
diagnosis of GDM in the current pregnancy were considered eligible. For the
diagnosis of GDM, the following protocol was performed: with less than 20 weeks,
the pregnant woman was submitted to fasting glycemia. After the test, if the result
was between 92 and 125 mg/dL, the pregnant woman was diagnosed with GDM. On
the other hand, if the result of the fasting glycemia test is <92 mg/dL, between 24-28
weeks of gestation, the pregnant woman was submitted to the 75g oral glucose
tolerance test, and the diagnosis of GDM was established when at least one of the
following values is altered: fasting blood glucose between 92 and 125 mg/dL, 1-hour
blood glucose after overload greater than or equal to 180 mg/dL and 2-hour blood
glucose after overload greater than or equal to 153-199 mg/dL. The GDM diagnosis
protocol was performed as recommended by the Brazilian Ministry of Health (OPAS -

Organizacdo Pan-Americana da Saude, 2019) and the “International Association of
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Diabetes in Pregnancy Study Group” (International Association of Diabetes and
Pregnancy Study Groups Consensus Panel et al., 2010). The diagnosis of PSUI was
performed using the “International Consultation on Incontinence Questionnaire Short
Form” questionnaire (Tamanini et al., 2004). Exclusion criteria for the study were
pregnant women with two or more previous cesareans, diabetes mellitus before
pregnancy, and twin pregnancy. As discontinuity criteria, participants who

progressed to premature birth and/or intrauterine fetal death were excluded.

2.2. Dietary intake of pregnant women

The intake amount of aromatic amino acids (mg), branched amino acids (mg),
ascorbic acid (mg), beta-carotene (mcg), caffeine (mg), calcium (mg), carbohydrates
(9), total cholesterol (mg), chromium (mcg), iron (mg), heme iron (mg), nonheme iron
(mgq), total dietary fiber (g), insoluble fiber (g), soluble fiber (g), monounsaturated fats
(9), fats polyunsaturated (g), saturated fat (g), total fat (g), glycemic index (g),
lycopene (mg), magnesium (mg), omega-3 (g), omega-6 (g), total protein ( g), retinol
(mcg), selenium (mcg), tocopherol (mg) and zinc (mg) was performed using a 24-
hour and 48-hour dietary recall, in which all information on the pregnant woman's
food intake in the last 24 hours and 48 hours were noted. The recall showed all
foods and beverages ingested, mealtimes, ways of preparing food, amounts in
household measures, portions or grams of foods/beverages ingested, and brands of
foods. Discrepant values of nutrients were disregarded. After dietary assessment, all

nutrients were quantified using the nutrition software (Nutrilife version 9.12).

2.3. Anthropometric measurements of pregnant women

Prepregnancy height and weight notes were identified in clinical records and
were used for the calculation of prepregnancy BMI (Nutrition During Pregnancy,
1990). The current weight and height of the pregnant women were measured using a
W300 electronic platform scale (Welmy) according to a weighing protocol
established for adults (Brasil. Ministério da Saude., 2011), and thus, with these
measurements, the current BMI of the pregnant women between 24-40 gestational
weeks. In addition, measurements of the mid-arm circumference (cm), wrist
circumference (cm), waist circumference (cm), hip circumference (cm), arm muscle
circumference (cm), and triceps skinfold (mm) were performed of pregnant women

according to the techniques described in the following articles (Boucher et al., 2022;
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Mousapour et al., 2021; Ren et al., 2019; Widen & Gallagher, 2014). Furthermore,
maternal weight gain (Nutrition During Pregnancy, 1990; Stephansson et al., 2001)
was recorded at the time of collection.

2.4. Biochemical markers of pregnant women in the study

15 ml of blood were collected from the pregnant women for placental lactogen
(mg/L) by the enzyme immunoassay method, insulin (pU/mL) by the
electrochemiluminescence method, vitamin A (mg/L), vitamin C (mg/L) and vitamin E
by high-performance liquid chromatography method, magnesium (mg/dL) by
colorimetric method, serum zinc (ug/dL) by spectrometry method of atomic
absorption and iron (ug/dL) by the colorimetric method between 24-40 gestational
weeks. Blood samples were centrifuged at 3,200 rpm for 12 minutes and serum
aliquots were stored in a freezer at -80°C for later analysis at the clinical analysis
laboratory at the Clinical Hospital of FMB and for some time private laboratory (Funk
& Clinical and Laboratory Standards Institute., 2008; LIPPI et al., 2006).

2.5. Assessment of the general characteristics of the pregnant women

An interview was carried out with the pregnant women and an evaluation form
was filled out with the participant's personal data such as name, identity document,
address, age, gestational age, parity, marital status, education, ethnicity, profession,
religion, personal contact, frequency and time of physical activity per week/month,
amount of alcohol consumed during the week/month, use or not of medication/drugs,
planning the pregnancy or not, follow-up with a nutritionist during pregnancy or not,
constipation or not, and history family member of diabetes mellitus or not for further

analysis of the differences in these variables between the groups.

2.6. Statistical analysis

The study groups were compared in relation to numerical variables using the
ANOVA test for independent samples followed by multiple comparisons with
Bonferroni correction. For categorical variables, the groups were compared using the
Chi-square or Fisher's Exact tests. The analysis was performed using the SPSS 21
software. The p<0.05 value was considered statistically significant.
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Figure 1. Study design.

3. Results

For present prospective, population-based cohort study (Diamater Study), a
screeny survey study 1105 pregnant women were selected, of which 205 patients
were excluded (94 patients had one or more vaginal deliveries; 72 patients had two
previous cesarean sections; 4 patients had Overt Diabetes; 16 patients had type 1 or
2 diabetes; 7 patients had urinary incontinence before pregnancy, 4 patients didn’t
accept to participate in the research and 8 patients were excluded due to

discontinuity criteria. For this analysis, 900 patients were included.

| Pregnant Women (n=1105) l

Exclued (n=205)

« One or more vaginal deliveries (n=94)
Two previous cesarean sections (n=72)
Overt Diabetes (n=4)
Type 1 or 2 Diabetes (n=16)
Urinary Incontinence Before Pregnancy (n=7)
Didn't Accept to Participate in the Study (n=4)
Excluded Due to Discontinuity Criteria (n=8)

| Pregnant Women Inclued (n=900) I

[ Group Non-GDM-C (n=201) ] [ Group Non-GDM-PSUI(n=365) ] [ Group GDM-C (n=161) ] [ Group GDM-PSUI (n=173) ]
|
[ General Characteristics (n=2ﬂ1)] [ General Characteristics (n=365)] [ General Characteristics (n=161) ] [ General Characteristics (n=173) ]
[ Anth tric Measur t ] [ Anthropometric Measurements [ Anthropometric Measurements ] [ Anthropometric Measurements
(n=201) (n=365) (n=161) (n=173)
[ Dietary Intake (n=201) ] [ Dietary Intake (n=268) ] [ Dietary Intake (n=149) ] l Dietary Intake (n=173) ]

[ Biochemical Markers (n=201) ] [ Biochemical Markers (n=361) ] [ Biochemical Markers (n=159) ] l Biochemical Markers (n=159) ]

Fig. 2. Flow diagram of the study. A total of 1105 pregnant patients were screened.
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Table 1 shows the characteristics of pregnant women by group. The groups of
non-GDM-PSUI and GDM-C pregnant women planned the pregnancy more
previously than the GDM-PSUI group. Pregnant women in the GDM-PSUI group had
more follow-up with a nutritionist during pregnancy than the non-GDM groups. The
GDM-PSUI group had a greater history of DM in the family than the non-GDM-C
group. The GDM-PSUI group practiced more physical activity than the non-GDM-
PSUI group. Regarding smoking, pregnant women in the GDM-PSUI group smoke
less than pregnant women in the non-GDM-PSUI group. There were no significant
differences between the study group and the control groups regarding partner,

complete higher education, work, had constipation, alcoholic and drug user.

Table 1. Characteristics of pregnant women by groups (percentage values).

Group Non-GDM-C Non-GDM-PSUI GDM-C (n=161) GDM-PSUI
(n=201) (n=365) (n=173)

Variable % % % % P-Value
Partner 86.00 90.99 87.42 88.76 0.314
Complete Higher Education 10.95 17.26 18.87 16.18 0.155
Work 96.02 96.44 96.23 96.53 0.994
Pregnancy Planning 26.37 37.53 33.96 28.00 <0,05
Follow-up by a Nutritionist 19.68 18.27 48.98 39.16 <0.05
Had Constipation 25.37 26.30 17.61 27.17 0.144
Has History of DM 51.74 60.82 59.75 67.05 <005
Practice Physical Activity 17.91 12.33 23.90 25.43 <0.05
Smoker 5.97 10.41 7.55 4.05 <0.05
Alcoholic 1.99 1.37 0.63 1.73 0.728
Drug User 1.49 0.00 0.63 0.58 0.056

Non-GDM-C: non-gestational diabetes mellitus and continent group; non-GDM-PSUI:
non-gestational diabetes mellitus and incontinent group; GDM-C. gestational diabetes
mellitus and continent group; GDM-UI: gestational diabetes mellitus and incontinent
group; p-value: probability of observing a test statistic value greater than or equal to the
one found. For categorical variables, groups were compared by Chi-square or Fisher's
Exact tests.

Figure 3 shows the GDM-PSUI group compared 3 control groups (values
expressed as mean and standard deviation). Pregnant women in the GDM-PSUI
group were older, in pre-pregnancy weight, weight during pregnancy, BMI during
pregnancy, arm circumference, waist circumference, arm muscle circumference, and
triceps skinfold than the non-GDM-C groups and the group non-GDM-PSUI. In
addition, gestational height was greater in the GDM-PSUI group than in the non-
GDM-C group. Gestational age was lower in the GDM-PSUI group than in the GDM-
C group.
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Fig. 3. Anthropometric measurements of GDM-PSUI group compared with 3 control groups (values
expressed as mean and standard deviation). n: number of pregnant women; SD: standard deviation; non-
GDM-C: non-gestational diabetes mellitus and continent group; non-GDM-PSUI: gestational diabetes
mellitus and incontinent group; p-value: the probability of observing a test statistic value greater than or
equal to the one found; *: p<0.05; **: p<0.001; ***: p<0.0001; m: meters; Kg: kilogram; BMI: Body Mass
Index; cm: centimeters; mm: millimeter.
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Figure 4 shows the dietary intake of nutrients in GDM-PSUI compared with 3
control groups (values expressed as mean and standard deviation). A significant
increase in aromatic amino acids, branched amino acids, chromium, dietary fiber,
glycemic index, dietary magnesium, and zinc was observed in the GDM-PSUI
compared to the non-GDM-C control group. Aromatic amino acids and chromium
were also increased in the GDM-PSUI group compared to the non-GDM-PSUI group.
On the other hand, there was a significant decrease in calcium, polyunsaturated fats,
and saturated fats in the GDM-PSUI group compared to the non-GDM-PSUI group.
Furthermore, the GDM-PSUI group had lower levels of polyunsaturated fats and
selenium than the GDM-C and non-GDM-C groups, in addition to having lower total

dietary cholesterol than the GDM-C group.
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Fig. 4. Dietary intake of nutrients in GDM-PSUI compared with 3 control groups (values expressed as
mean and standard deviation). n: number of pregnant women; SD: standard deviation; nhon-GDM-C:
non-gestational diabetes mellitus and continent group; non-GDM-PSUI: non-gestational diabetes
mellitus and incontinent group; GDM-C: gestational diabetes mellitus and continent group; GDM-UI:
gestational diabetes mellitus and incontinent group; p-value: probability of observing a test statistic
value greater than or equal to the one found; *: p<0.05; **: p<0.001; ***: p<0.0001; mg: milligram; ml:
milliliters; mcg: microgram; g: grams.
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Figure 5 shows the biochemical markers in GDM-PSUI compared with 3
control groups (values expressed as mean and standard deviation). There was a
significant increase in fasting blood glucose, GTT 1 hour, and GTT 2 hours in the
GDM-PSUI group compared to the non-GDM groups. HOMA-IR and HOMA-$
increased in GDM-PSUI group compared to non-GDM-C group. In maternal hormone
levels, the placental lactogen hormone decreased in the GDM-PSUI group compared
to the non-GDM-C group. The hormone insulin showed a significant increase in the
GDM-PSUI group compared to the non-GDM-PSUI group. Regarding the amounts of
maternal vitamins, vitamin C was reduced in the GDM-PSUI group compared to the
non-GDM-PSUI group.
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Fig. 5. Biochemical markers in GDM-PSUI compared with 3 control groups (values expressed as
mean and standard deviation). n: number of pregnant women; SD: standard deviation; non-GDM-
C: non-gestational diabetes mellitus and continent group; non-GDM-PSUI: non-gestational
diabetes mellitus and incontinent group; GDM-C: gestational diabetes mellitus and continent group;
GDM-UI: gestational diabetes mellitus and incontinent group; OGTT-75g: Oral glucose tolerance
test of 75 g; p-value: the probability of observing a test statistic value greater than or equal to the
one found; *: p<0.05; **: p<0.001; ***: p<0.0001; mg/dl: milligrams per deciliter; mg/L: milligram per
liter; ulU/mL: international units per milliliter; ug/dL: microgram per deciliter; mg/dL: milligram per
deciliter.
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4. Discussion

The results provide valuable insights into the characteristics and differences
between pregnant women with gestational diabetes mellitus (GDM) and pelvic floor
symptom-related urinary incontinence (PSUI) to those without these conditions. The
findings indicate key differences in demographic, anthropometric, dietary, and
biochemical markers between the GDM-PSUI group and the control groups.
Therefore, the study findings contribute to the understanding of actors that may be
associated with GDM-PSUI.

Comparison of demographic characteristics of GDM-PSUI expectant mothers
to non-GDM-PSUI expectant mothers revealed an increased likelihood of association
between hereditary diabetes and PSUI with the pregnancy condition (Table 1). This
finding conforms to findings by Dyck et al. (2002) and Damm et al. (2016) who
reported family history of diabetes as a risk factor for GDM. Moreover, active
collaboration with nutritionists and commitment to physical exercise were higher
among GDM-PSUI mothers than non-GDM groups, results that aligns to findings
reported by Wang et al. (2015) that indicated both dietary and exercise intervention
were more recommended for GDM mothers. In addition, family planning was more
common among GDM-PSUI expectant mothers. This finding could be explained by
higher levels of awareness of the risks associated with GDM and the role of proper
nutrition and physical activity in effectively managing the condition during the
pregnancy (Avery & Walker, 2016). Therefore, the results reveal that GDM-PSUI
group were more likely to adopt a more proactive approach in addressing their health
during pregnancy. This could attributed to their understanding and knowledge of the
possible complications related to GDM and the importance of preventive measures.

Anthropometric measurements results showed a higher pre-pregnancy and
pregnancy weight among GDM-PSUI mothers than GDM-C and the non-GDM-PSUI
groups. Furthermore, the results also demonstrated higher pre-pregnancy weight that
GDM-PSUI mothers had higher BMI during pregnancy. In addition, arm
circumference, waist circumference, arm muscle circumference, and triceps skinfold
were higher among GDM than non-GDM-C groups and the non-GDM-PSUI group
(Figure 3). These findings align with Torloni et al. (2009) and Kim et al. (2012) found
that elevated maternal weight and BMI were linked to a heightened risk of GDM.
Furthermore, the GDM-PSUI group displayed a greater gestational height than the
non-GDM-C group. This could be linked to the increased insulin resistance observed
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in the GDM-PSUI group and reported by Buchanan and Xiang (2005) and Catalano
et al. (2012). This result suggests that the anthropometric differences in the GDM-
PSUI group could contribute to the development or exacerbation of GDM and its
associated complications. Therefore, further investigation into preventive measures
and management strategies is needed. Pregnant women in the GDM-PSUI group
were older which is consistent with previous research that has linked increased
maternal age to a higher risk of developing GDM (Catalano et al., 2012).

The comparison of dietary nutrient intake in the GDM-PSUI group with the
control groups revealed several noteworthy differences (Figure 4). Significantly, the
GDM-PSUI group exhibited higher consumption of aromatic amino acids, branched
amino acids, chromium, dietary fiber, glycemic index, dietary magnesium, and zinc in
comparison to the non-GDM-C group. A higher intake of dietary fiber has been
associated with improved glycemic control and reduced risk of GDM (Zhang et al.,
2006). Similarly, chromium supplementation has been found to enhance insulin
sensitivity in pregnant women with gestational diabetes (Jamilian et al., 2015).
Magnesium is also known to play a vital role in glucose metabolism, and its
deficiency has been linked to insulin resistance and GDM (Asemi et al., 2015).
Furthermore, branched amino acids and aromatic amino acids have been reported to
influence insulin resistance and glucose homeostasis (Newgard et al., 2009). A
higher glycemic index diet has been associated with an increased risk of GDM (Bao
et al., 2013), and increased zinc intake during pregnancy has been found to be
beneficial for glucose metabolism (Scholl & Chen, 2002).

The increased intake of these nutrients might be associated with the
increased prevalence of nutritionist follow-up observed in the GDM-PSUI group
(Hillier et al., 2007). Intriguingly, the GDM-PSUI group displayed lower intakes of
calcium, polyunsaturated fats, saturated fats, and selenium compared to the control
groups (Scholl & Chen, 2002). These findings imply that while the GDM-PSUI group
may demonstrate a better overall nutrient consumption, there remains room for
enhancement in their dietary choices to ensure the best possible maternal and fetal
health outcomes (Hillier et al., 2007; Poston, 2016).

Polyunsaturated fats, particularly omega-3 fatty acids, have been reported to
have beneficial effects on insulin sensitivity and glucose metabolism (Lorente-
Cebrian et al., 2013). A higher intake of polyunsaturated fats has been associated

with a reduced risk of GDM (Zhang et al., 2014). Lower consumption of these fats in
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the GDM-PSUI group may be indicative of a suboptimal dietary pattern that could
contribute to the development of GDM. On the other hand, saturated fats have been
associated with impaired glucose metabolism and insulin resistance (Vessby et al.,
2001). However, a lower intake of saturated fats in the GDM-PSUI group compared
to the non-GDM-PSUI group suggests that the GDM-PSUI group may have been
attempting to follow a healthier dietary pattern in response to their condition.

The biochemical markers in the GDM-PSUI group displayed several
remarkable differences when compared to the control groups (Figure 5). Pregnant
women in the GDM-PSUI group exhibited significantly elevated fasting blood
glucose, GTT 1 hour, and GTT 2 hours in comparison to the non-GDM groups.
These observations align with the diagnostic criteria for GDM, which are grounded in
heightened blood glucose levels during pregnancy (International Association of
Diabetes and Pregnancy Study Groups Consensus Panel et al., 2010). Elevated
fasting blood glucose and glucose levels during oral glucose tolerance tests (OGTT)
are hallmarks of GDM, as these measures indicate impaired glucose metabolism and
insulin resistance (Metzger et al., 2010). The higher levels of these markers in the
GDM-PSUI group confirm the presence of GDM in this population, as reported in
previous studies (Catalano et al., 2012).

Moreover, higher glucose levels during pregnancy, as observed in the GDM-
PSUI group, have been associated with adverse maternal and fetal outcomes, such
as increased risk of macrosomia, preterm birth, and cesarean delivery (HAPO Study
Cooperative Research Group, 2008). These findings emphasize the importance of
early detection and appropriate management of GDM to improve pregnancy
outcomes and reduce the risk of long-term complications for both the mother and the
baby.

Moreover, the GDM-PSUI group demonstrated increased HOMA-IR and
HOMA-B levels relative to the non-GDM-C group, signifying enhanced insulin
resistance and beta-cell dysfunction within this group. This concurs with previous
research that has associated GDM with changes in insulin sensitivity and secretion
(Buchanan et al., 2012; Catalano et al., 2012). The biochemical marker findings
underscore the importance of monitoring and managing glucose levels and insulin
resistance during pregnancy to minimize potential adverse outcomes for both mother
and child.

In the PSUI group, there was a significant decrease in placental lactogen
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hormone levels compared to the non-GDM-C group. The placental lactogen hormone
has been reported to play a crucial role in the regulation of maternal glucose
metabolism and insulin resistance throughout pregnancy (Napso et al.,, 2018). As
such, the diminished levels of this hormone in the GDM-PSUI group could potentially
contribute to the emergence of GDM and associated metabolic alterations.
Furthermore, the GDM-PSUI group exhibited elevated insulin levels relative to the
non-GDM-PSUI group, a finding that aligns with the increased insulin resistance
observed in women diagnosed with GDM (Catalano et al., 2012; Retnakaran et al.,
2006). These results highlight the complex interplay between hormones, insulin
resistance, and glucose metabolism in pregnant women, which ultimately affects the
risk of developing GDM and other pregnancy complications (Barbour et al., 2007).

Pertaining to maternal vitamin levels, the GDM-PSUI group exhibited reduced
levels of vitamin C in comparison to the non-GDM-PSUI group (Figure 5). Vitamin C
is a vital micronutrient with antioxidant properties, and its deficiency has been linked
to a heightened risk of GDM (Rumbold et al., 2005). The diminished levels of vitamin
C observed in the GDM-PSUI group could be indicative of suboptimal dietary intake
or heightened oxidative stress, either of which might potentially contribute to the
emergence of GDM and related complications (Asemi et al., 2016; Zhang et al.,
2016). These findings emphasize the importance of adequate vitamin C intake during
pregnancy to maintain optimal maternal and fetal health and mitigate the risk of
developing GDM (Casanueva & Viteri, 2003).

5. Conclusion

This study sheds light on the distinct demographic, anthropometric, dietary,
and biochemical characteristics of pregnant women with both gestational diabetes
mellitus (GDM) and pelvic floor symptom-related urinary incontinence (PSUI)
compared to those without these conditions. Notably, the GDM-PSUI group exhibited
increased risk factors such as older age, higher pre-pregnancy weight, elevated BMI,
greater anthropometric measurements, and a family history of diabetes. The GDM-
PSUI group was also more likely to actively engage with nutritionists and participate
in physical exercise, reflecting a proactive approach to managing their health during
pregnancy.

Dietary differences were observed between the GDM-PSUI and control

groups, with the GDM-PSUI group consuming higher amounts of nutrients known to
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influence glucose metabolism and insulin resistance. However, there remains room
for improvement in their dietary choices, particularly regarding polyunsaturated fats
and vitamin C intake. Biochemical markers revealed enhanced insulin resistance,
beta-cell dysfunction, and altered hormonal levels in the GDM-PSUI group,
highlighting the complex interplay between hormones, insulin resistance, and glucose
metabolism during pregnancy.
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Abstract

Aim: This study aims to identify dietary intake food and the serum concentration of
iron, magnesium, zinc, vitamin A, and vitamin D during pregnancy and to evaluate
the gene and protein expression of the MTF1, RXRA, TFRC and TRPM6 genes, as
well as markers of oxidative stress in women with GDM and PSUI.

Methods: A cross-sectional study was carried out in which pregnant women were
selected for dietary food intake and serum concentration minerals and vitamins, gene
expression (real-time PCR) and protein expression (Western Blot) of the MTF1,
RXRA, TFRC, and TRPM6 genes, as well as the measurement of markers of
oxidative stress, carbonylation of proteins and malondialdehyde through the serum of
pregnant patients. The study design included three control groups namely non-GDM-
C, non-GDM-PSUI, and GDM-C, and a DMG-PSUI study group. The groups were
compared in terms of numerical variables using ANOVA for independent samples
followed by multiple comparisons with Bonferroni correction. Analysis was performed
with SPSS 21 software.

Results: For present prospective, population-based cohort study (Diamater Study), a
screen survey study 1105 pregnant women were selected. A significant increase in
magnesium, vitamin D and zinc dietary was observed in the GDM-PSUI compared to
the non-GDM-C control group. RXRA and TRFC gene expressions were decreased
in the GDM-PSUI group compared to the GDM-C group. No significant differences
were found in the gene expression of FPGS, MTF1, TRAP1 and TRPM®G in relation to
the study group and the other control groups. Furthermore, TRFC protein expression
was decreased in the DMG-PSUI group compared to the GDM-C group. No
significant differences were found in the protein expression of MTF1, RXRA, and
TRPM6, and oxidative stress markers in relation to the study group compared to the
control groups.

Conclusions: Understanding the cellular processes that regulate iron homeostasis,
such as TRFC, is essential to seek new treatments for GDM. In addition, the finding
regarding the expression of TRFC in pregnant women with GDM-PSUI can be used
as a tool for nutritional and/or pharmacological intervention in this population of
pregnant women.

Keywords: Gestational Diabetes; Maternal Nutrition; Oxidative Stress Injury; Protein

Expression.
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Highlights

This study investigated the dietary food intake, serum concentrations of
minerals and vitamins, gene expression, protein expression, and oxidative
stress markers in pregnant women with gestational diabetes mellitus (GDM)
and pregnancy-specific urinary incontinence (PSUI).

The results showed that pregnant women with GDM and PSUI had a
significant increase in dietary intake of magnesium, zinc, and vitamin D
compared to non-GDM control groups. However, there were no significant
differences in the intake of iron and vitamin A.

The gene expression analysis revealed a decreased expression of retinoid X
receptor alpha (RXRA) and transferring receptor (TFRC) genes in the GDM-
PSUI group compared to the GDM control group. However, there were no
significant differences in the gene expression of other genes related to
glucose metabolism and iron homeostasis.

The protein expression analysis showed a decreased expression of transferrin
receptor (TRFC) protein in the GDM-PSUI group compared to the GDM
control group. No significant differences were found in the protein expression
of other metal regulatory transcription factors.
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1. Introduction

In the 20™ century, the practice of nutrigenomics began in the context of the
human post-genome, having the gene-nutrient interaction as its basic concept
(Neeha and Kinth, 2013; Marcum, 2020). Nutrigenomics investigates the interaction
between nutrients and bioactive compounds in food with the functioning of the
genome, resulting in the modulation of gene expression and/or affecting the genome
stability (Bull and Fenech, 2008; Hendriks, 2013; Fenech, 2020). Moreover,
polymorphisms in genes that regulate the uptake and metabolism of micronutrients
alter the levels of micronutrients in plasma, leading to genome instability, tissue
dysfunction, and increased risk for chronic degenerative diseases (Bull and Fenech,
2008; Fenech, 2008).

Nutrients and the expression of their receptors are altered as a cause or
consequence of gestational diabetes mellitus (GDM) (Bo et al., 2005; Morisset et al.,
2014; Maged et al., 2016; Parast and Paknahad, 2017), urinary incontinence (Ul)
(Dallosso et al., 2004; Maserejian et al., 2010; Maserejian et al.,, 2011) and/or
pregnancy-specific Urinary Incontinence (PSUI); research is needed in this last
clinical condition.

Nutrients from the diet influence the gene expressions of an individual in two
ways, directly or indirectly (Cousins, 1999; Fenech, 2002; Bull and Fenech, 2008).
Nutrients can interact directly with the nuclear receptors, promoting transcriptional
changes (Cousins, 1999), or they can indirectly influence cell-signaling pathways
(Cousins, 1999; Rist et al., 2006). Knowledge of nutrigenomics at the molecular,
tissue, and body level can reduce the risks associated with chronic non-
communicable diseases such as obesity and diabetes mellitus (Fenech, 2003; Hsu
and Tain, 2019).

Diets rich in fruits and vegetables are linked to a lower risk of GDM due to their
higher fiber and micronutrient contents (Plows et al., 2019), including vitamin A,
which regulates the development and function of pancreatic beta cells in the
underlying endoderm (Trasino et al.,, 2015; Trasino and Gudas, 2015). Several
studies have found a correlation between levels of vitamin A and its receptors with
glucose metabolism (Trasino et al.,, 2015; Trasino and Gudas, 2015; Zhou et al.,
2021). Vitamin A activity is mediated by interactions with retinoic acid (RXA) and
retinoid acid X (RXR) receptors, including three subtypes of RXR: alpha, beta, and
gamma (Almeida and Conda-Sheridan, 2019). The retinoid X alpha receptor (RXRA)
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is a nuclear receptor, is a member of the NR2B receptor family, and is involved in the
metabolism of glucose, fatty acids, and cholesterol (Kdlsch et al., 2009; Yu et al.,
2021). Polymorphisms of the RXRA gene lead to changes in gene and protein
expression and compromise glucose metabolism (Kélsch et al.,, 2009; Zhao et al.,
2012; Yu et al., 2021). Furthermore, RXRA is essential for vitamin D signaling (Curtis
et al., 2019). Low vitamin D levels are associated with type 2 diabetes (Afzal et al.,
2013). Vitamin D improves pelvic floor skeletal muscle strength (Bischoff-Ferrari et
al., 2004); however, the association between vitamin D status and Ul is uncertain.
Vitamin D supplementation in 11,646 elderly women wasn’t associated wih a
reduction in the prevalence of Ul (Markland et al., 2022).

The role of other minerals, such as iron and the gene expression of transferrin
receptor (TRFC) in the pathophysiological mechanisms of GDM and PSUI are still
incomplete. According to several studies (Montonen et al., 2012; Zhao et al., 2012;
Zhang and Rawal, 2017) there is a relationship between maternal iron stores and
disturbances in glucose metabolisms leading to the development of T2DM. During
pregnancy, maternal iron nutritional requirements increase to meet the requirements
of the fetus, placenta, and red cells (Naess-Andresen et al., 2019). Due to changes in
hemodilution, the nutritional recommendations for iron for pregnant women increase
to 27 mg iron/day, and it is common for pregnant women to present anemia
(Kominiarek and Rajan, 2016; Zhang and Rawal, 2017). When there is a functional
iron deficiency, the body’s iron levels are reduced, and iron stores are depleted
(Skikne et al., 1990). TRFC is present in plasma membranes and is responsible for
iron uptake via endocytosis (Gammella et al., 2017; Gammella et al., 2021). TRFC
expression is modulated by intracellular iron concentrations; when intracellular iron is
high, TRFC expression decreases and limits iron absorption in cells; on the other
hand, iron deficiency increases TRFC expression (Macedo and Sousa, 2008). In
addition, a significant association can be observed between higher maternal iron
stores and increased risk of impaired glucose metabolism (Zhang and Rawal, 2017).

Magnesium deficiency is also associated with glucose dysregulation in
pregnant women (Lee et al., 2022). According to Goker Tasdemir et al. (2015),
magnesium acts on insulin regulation and is transported intracellularly by transient
receptor potential cation channel subfamily M member 6 (TRPM6). TRPM6 is a
member of the transient receptor potential channel superfamily and plays a role in

regulating whole-body magnesium homeostasis and epithelial magnesium transport,
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maintaining the integrity of cell membranes, and mediating active magnesium
absorption in the intestine and kidney (Cuffe et al., 2015; Lee et al., 2022). A defect
in TRPM6 is marked by the occurrence of diseases related to magnesium deficiency,
such as glucose dysregulation and hypertension (Lee et al., 2022), in addition, it is
not known how TRPM6 expression changes during adulthood (Cuffe et al., 2015).

An association between zinc, pancreatic function, and diabetes has been
suggested for years (Chausmer, 1998; Fan et al.,, 2021). Zinc has the function of
regulating glucose and maintaining glucose absorption at physiological levels (Fan et
al., 2021). During pregnancy, zinc deficiency is related to embryonic death and can
also result in iron accumulation in various tissues, such as the liver and kidney
(Lindert et al., 2009; Troadec et al., 2010). In pregnant women, zinc supplementation
decreases vaginal bleeding and increases the risk of childbirth-related complications
(Mcardle et al., 1999). Metal regulatory transcription factor 1 (MTF1) is responsible
for activating genes related to zinc homeostasis and is reversibly activated in
response to changes in free zinc concentrations (Lindert et al., 2009; Hennigar et al.,
2021).

Healthy eating patterns and food supplementation, in therapeutic dosages, are
strategies for maintaining genome health in individuals with a specific genetic
background (Bull and Fenech, 2008). Micronutrients may act as cofactors
(magnesium for several DNA polymerases) or as an integral part of the DNA repair
genes (zinc as component of hOGG1), Therefore, alterations of the physiologic levels
of such micronutrients may alter enzyme activity, contributing to genome instability,
tissue dysfunction, and the development of genetic-related diseases (Petrovi¢ et al.,
2016; Chasapis et al., 2020; Fenech, 2020; Rajakumari et al., 2023).

This study investigated dietary intake food and the concentrations of iron,
magnesium, zinc, vitamin A, and vitamin D in serum during pregnancy and to
evaluate the gene and protein expression of the MTF1, RXRA, TFRC, and TRPM6
genes, as well as markers of oxidative stress in women with GDM and PSUI. Our
hypothesis is that nutrients and their receptor expressions are altered as a cause or

consequence of the development of GDM and PSUI.
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2. Patients and methods
2.1. Recruitment of pregnant patients

This study was approved by the Research Ethics Committee of FMB, Sao
Paulo, Brazil (CAAE: 82225617.0.0000.5411). This cross-sectional study was carried
out between June 2020 and October 2021. For the present cross-sectional study,
pregnant women were representatively selected from the FAPESP Thematic Project
(process: 2016/01743-5) entitled “Cohort of the gestational triad: hyperglycemia,
urinary incontinence and clinical, molecular, and omic profile of hyperglycemic
myopathy in the prediction of incontinence and muscle dysfunction and translational
research with biodevice for muscle regeneration in female rats”. The pregnant
women were divided into four groups: non-GDM continent (non-GDM-C), non-GDM
incontinent (non-GDM-PSUI), GDM continent (GDM-C), and GDM incontinent (GDM-
PSUI). The study design included three control groups, namely, non-GDM-C, non-
GDM-PSUI, and GDM-C. All pregnant women were evaluated at one stage of
pregnancy, monitored in Perinatal Diabetes Research Center, Clinical Hospital of
Botucatu Medical School (FMB) after signing the Informed Consent Form. The
collection of biological material from the pregnant women was carried out at the
Perinatal Diabetes Research Center of the Clinical Hospital of the FMB. As inclusion
criteria, all primiparous or second pregnant women with a previous elective cesarean
section, aged over 18 years, without collagen-related diseases, without malignant
neoplasms, without active infection by the hepatitis A virus, hepatitis B, or hepatitis C
and HIV, without diseases degenerative muscles, miscarriages, with or without a
diagnosis of GDM in the current pregnancy were considered eligible. For the
diagnosis of GDM, the following protocol was performed: before 20 weeks of
gestation, the pregnant woman was submitted to a fasting glycemia evaluation. After
the test, for results between 92 and 125 mg/dL, the pregnant woman was diagnosed
with GDM. On the other hand, if the result of the fasting glycemia test is <92 mg/dL,
between 24-28 weeks of gestation, the pregnant woman was administered the 75 g
oral glucose tolerance test, and the diagnosis of GDM was established when at least
one of the following values was altered: fasting blood glucose between 92 and 125
mg/dL, 1 h blood glucose after overload greater than or equal to 180 mg/dL and 2 h
blood glucose after overload greater than or equal to 153-199 mg/dL. The GDM
diagnosis protocol was performed as recommended by the Brazilian Ministry of

Health (Organizacdo Pan-Americana da Saude, 2019) and the International
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Association of Diabetes in Pregnancy Study Group (International Association of
Diabetes and Pregnancy Study Groups Consensus Panel, 2010). The diagnosis of
PSUI was performed using the International Consultation on Incontinence
Questionnaire Short Form questionnaire (Tamanini et al., 2004). Exclusion criteria for
the study were pregnant women with two or more previous cesareans, diabetes
mellitus before pregnancy, and twin pregnancy. As exclusion criteria, participants

who progressed to premature birth and/or intrauterine fetal death were excluded.

2.2. Dietary intake analysis

The intake amount of iron (mg), magnesium (mg), zinc (mg), vitamin A (mcg),
and vitamin D (mcg) was performed using a 24-hour and 48-hour dietary recall, in
which all information on the pregnant woman's food intake in the last 24 and 48 h
was noted. The recall showed all foods and beverages ingested, mealtimes, ways of
preparing food, amounts in household measures, portions or grams of
foods/beverages ingested, and brands of foods. Discrepant values of nutrients were
disregarded. After dietary assessment, all nutrients were quantified using nutrition

software (Nutrilife version 9.12).

2.3. Micronutrients biochemical analysis

A total of 15 mL blood was collected from the pregnant women for
quantification of retinol (mg/L) by high-pressure liquid chromatography method
efficiency, magnesium (mg/dL) by colorimetric method, serum zinc (ug/dL) by atomic
absorption spectrometry method, iron (ug/dL) by the colorimetric method and vitamin
D (ng/mL) by ARCHITECT i2000SR analyzer (Abbott, Brazil); between 24 to 40
gestational weeks. Blood samples were centrifuged at 3,200 rpm for 12 min and
serum aliquots were stored protect from light in a freezer at -80°C for later analysis at
the Clinical Hospital of FMB and by Alvaro Laboratory (Barueri, Sao Paulo — Brazil)
(LIPPI et al., 2006; Funk and Clinical and Laboratory Standards Institute., 2008).

2.4. Analysis of gene expression by real-time PCR (qPCR)

Total RNA was isolated and purified from whole blood by Trizol Reagent
(Invitrogen®, Carlsbad, California, US) method, according to the manufacturer’s
instructions. The High Capacity cDNA kit (Applied Biosystems) was used for the
synthesis of complementary DNA (cDNA) from 1000 ng of total RNA. The mRNA
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levels of the genes in Table 1 were determined by qPCR (QuantStudio® 3 Real-Time
PCR System, Applied Biosystems, USA) in reactions containing PowerUp™ SYBR™
Green Master Mix 2 x (5 uL; Applied Biosystems, Foster City, CA), 0.4 uM of each
assay, 50 ng cDNA and nuclease-free water. All analyses were performed in
triplicate. Relative gene expression was determined by the 2-AACt method (Livak
and Schmittgen, 2001) using the GAPDH, FPGS, and TRAP1 genes as endogenous

controls.

Table 1. Expression Primers Sequences and PCR cycle conditions

Gene F and F sequences (5"-3) Tm (°C) %GC A

RXRA CTCAATGGCGTCCTCAAGGT  60.04 55.00 111
CACTCCATAGTGCTTGCCTGA 60.07 52.38

TRPM6 ATCCCTCCTTGGGGTGTCAT  60.25 55.00 67
GGTACAGGCACACCACATCT 59.68 55.00

MTF1 CGAGTGCACACGAAGGAGAA 60.32 55.00 91
TCTGATGTGCTTTCAGCCTGT 59.93 47.62

TFRC GATCGTGTCATGAGAGTGGAGT 59.57 50.00 83
CCCCAGAAGACATGTCGGAAA 60.00 52.38

50

GAPDH TCACCATCTTCCAGGAGCGA  60.61 55.00
AGCATCGCCCCACTTGATTT  60.32 50.00

FPGS TCTCTTGGCATCGACCACAC  60.04 55.00 93
GGCAGGGACACCTTGCTTAAA 60.82 52.38

TRAP1 TCCACCTGAAATCCGACTGC  60.04 55.00 63
TCGTTACCACATCTCGCACC  60.11 55.00

2.5. Analysis of protein expression by Western blot
The protein synthesis of MTF1, RXRA, TRPM6, and TFRC was analyzed by

Western blot. Proteins were lysed with Ripa buffer (Radioimmunoprecipitation assay:
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150 mM sodium chloride, 1% NP-40 or Triton X-100, 0.5% sodium deoxycholate,
0.1% SDS and 50 mM Tris, pH 8.0), and the homogenate was centrifuged at 4°C for
20 min at 12000 rpm. The quantification was performed according to the
BRADFORD method, following the standardized protocol, and samples containing 25
ng of protein were used. Electrophoresis was performed on polyacrylamide gel at a
concentration of 12%, according to the molecular weight of the analyzed proteins.
Then, the proteins were transferred to a nitrocellulose membrane using a transfer
buffer. Non-specific binding sites of the primary antibody to the membrane were
blocked by incubation with a blocking solution (0.5% skimmed milk powder diluted in
basal solution: 1 M Tris-HCI pH 8.0, 2.5 M NaCl and Tween 20) at room temperature
under constant stirring. Then, the membrane was incubated with the primary
antibody under constant agitation at a temperature of 2°C to 8°C overnight. The
primary antibodies used were mouse monoclonal anti-MTF1 (Product#MAS-26739;
1:2000; Invitrogen, Waltham, US), rabbit monoclonal anti-RXRA (Product#MAS-
35265; 1:1000; Invitrogen, Waltham, US), rabbit polyclonal anti-TRPM6
(Product#OST00108W,; 1:1000; Invitrogen, Waltham, US) and mouse monoclonal
anti-TRFC (Product#13-6800; 1:1000; Invitrogen, Waltham, US). After incubation
with the primary antibody, the membrane was incubated with the secondary antibody,
conjugated to peroxidase (anti-mouse or anti-rabbit; Invitrogen, Waltham, US) used
in the titration of 1:1000 and 1:10000, respectively. Finally, immunodetection was
performed using the chemiluminescence method according to the manufacturer's
instructions (Enhancer Chemi-Luminescence, Amersham Biosciences, NJ-USA).
Quantitative analyses of protein bands were performed using Carestream Molecular

Imaging 5.0 software (Carestream Health, Rochester, NY, USA).

2.6. Oxidative stress markers analysis
2.6.1. Protein carbonylation levels

Protein carbonylation was performed using serum samples to verify the
irreversible protein damage caused by reactive oxygen species. These samples were
measured using the non-specific DNPH method (2,4 dinitrophenylhydrazine
derivatizing agent) and the amounts were given in mmol DNPH/mg protein (Suzuki et
al., 2010; Mesquita et al., 2014).
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2.6.2. Malondialdehyde (MDA) levels

A total of 250 uL serum from pregnant patients was used at both times and
750 pL 10% trichloroacetic acid (TBA) for protein precipitation. Afterward, the
samples were centrifuged (3000 rpm; for 5 min; Eppendorf Centrifuge 5804-R,
Hamburg, Germany), and the supernatant was removed; 0.67% thiobarbituric acid
was added in the ratio of 1:1, and later the samples were heated for 15 min at a
temperature of 100°C. Reading at 535 nm was performed on a Spectra Max 190
microplate (Molecular Devices, Sunnyvale, CA, USA). The MDA concentration was
found by the molar extinction coefficient (1.56 x 10> M centimeter™)
(Samarghandian et al., 2016).

2.7. Statistical analysis

The study groups were compared in relation to numerical variables using the
ANOVA test for independent samples, followed by multiple comparisons with
Bonferroni correction. The analysis was performed using the SPSS 21 software;

p<0.05 was considered statistically significant.

3. Results

For the present prospective, a population-based cohort study (Diamater
Study), a screen survey study of 1105 pregnant women was selected (Figure 1).
Figure 2 shows the dietary intake amounts and serum level of iron, magnesium, zinc,
vitamin A, and vitamin D. A significant increase in dietary intake of magnesium, zinc,
and vitamin D was observed in the GDM-PSUI compared to the non-GDM-C. There
were no significant differences between the study group and the control groups
regarding dietary intake of iron and vitamin A, and serum levels of iron, magnesium,

zinc, and vitamin D.
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[ Pregnant Women (n=1105)

Exclued (n=205)
« Oneormore vaginal deliveries (n=94)
+ Two previous cesarean sections (n=72)
« Overt Diabetes (n=4)
« Type 1 or 2 Diabetes (n=16)
« Urinary Incontinence Before Pregnancy (n=7)
L]

Didn't Accept to Partlcipate In the Study (n=4)
Excluded Due to Discontinuity Criteria (n=8)

[ Pregnant Women Inclued (n=900) ]

[ Group Non-GDM-C (n=201) ] [ Group Non-GDM-PSUI(n=365) ] [ Group GDM-C (n=161) ] [ Group GDM-PSUI (n=173) ]

[ Dietary Intake (n=201) J[ Dietary Intake (n=365) ] [ Dietary Intake (n=161) ][ Dietary Intake (n=173) ]

l Biochemical Markers (n=185) J [ Biochemical Markers (n=290) ] [ Biochemical Markers (n=79) l [ Biochemical Markers (n=110) ]

[ Gene Expression (n=25) ] [ Gene Expression (n=27) [ Gene Expression (n=24) ] [ Gene Expression (n=31) ]

[ Protein Expression (n=12) J [ Protein Expression (n=13) l L Protein Expression (n=9) J [ Protein Expression (n=13) ]

—

[ Oxidative Stress Markers (n=43) l [ Oxidative Stress Markers [n=39}| [ Oxidative Stress Markers (n=30) ] [ Oxidative Stress Markers (n=3l3}]

Fig. 1. Flow diagram of the study. A total of 1105 pregnant patients were screened.
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Fig. 2. Dietary intake and biochemical markers of nutrients in GDM-PSUI compared with three control groups
(values expressed as means and standard deviations). (A) Dietary intake of iron, magnesium, zinc, vitamin A
and vitamin D. Non-GDM-C: non-gestational diabetes mellitus and continent group; non-GDM-PSUI: non-
gestational diabetes mellitus and incontinent group; GDM-C: gestational diabetes mellitus and continent
group; GDM-PSUI: gestational diabetes mellitus group; p-value: probability of observing a test statistic value
greater than or equal to the one found; *p<0.05; **p<0.001; mg: milligram. (B) Biochemical markers of iron,
magnesium, zinc, vitamin A and vitamin D. Non-GDM-C: non-gestational diabetes mellitus and continent
group; non-GDM-PSUI: non-gestational diabetes mellitus and incontinent group; GDM-C: gestational
diabetes mellitus and continent group; GDM-PSUI: gestational diabetes mellitus group; ug/dL: microgram per
deciliter; mg/dL: milligram per deciliter; ng/mL: nanogram per milliliter; mcg: microgram.
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Figure 3 shows FPGS, MTF1, RXRA, TRAP1, TRFC, and TRPM6 gene
expression in GDM-PSUI compared with three control groups. RXRA and TRFC
gene expressions were decreased in the GDM-IU group relative to the GDM-C
group. No significant differences were found in the gene expression of FPGS,
MTF1, TRAP1, and TRPME6 in relation to the study group and the other control
groups.
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Fig. 3. Gene expression in GDM-PSUI compared
with 3 control groups (values expressed as means
and standard deviations). Non-GDM-C: non-
gestational diabetes mellitus and continent group;
non-GDM-PSUI: non-gestational diabetes mellitus
and incontinent group; GDM-C: gestational
diabetes mellitus and continent group; GDM-UIL:
gestational diabetes mellitus and incontinent group
; p-value: probability of observing a test statistic
value greater than or equal to the one found;
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***n<(0.0001; FPGS: folylpolyglutamate synthase;
MTF1: metal regulatory transcription factor 1;
RXRA: retinoid X receptor alpha; TRAP1l: TNF
receptor associated protein 1; TRFC: transferrin
receptor; TRPM®6: transient receptor potential
cation channel subfamily M member 6.

Figure 4 shows the protein expression of MTF1, RXRA, TRFC, and
TRPM6 in GDM-PSUI compared with three groups (values expressed as means
and standard deviations). TRFC protein expression was decreased in the GDM-
PSUI group relative to the GDM-C group. No significant differences were found
in the protein expression of MTF1, RXRA, and TRPM6 to the study group and
the other control groups.
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Fig. 4. Protein expression in GDM-PSUI compared with three
control groups (values expressed as means and standard
deviations). Non-GDM-C: non-gestational diabetes mellitus and
continent group; non-GDM-PSUI: non-gestational diabetes
mellitus and incontinent group; GDM-C: gestational diabetes
mellitus and continent group; GDM-UI: gestational diabetes
mellitus and incontinent group; p-value: probability of observing
a test statistic value greater than or equal to the one found;
*p<0.05; MTF1: metal regulatory transcription factor 1; RXRA:

98



retinoid X receptor alpha; TRFC: transferrin receptor; TRPMG:
transient receptor potential cation channel subfamily M member
6.

Figure 5 shows oxidative stress markers in GDM-PSUI relative to three
groups (values expressed as means and standard deviations). There were no
significant differences between the groups regarding the evaluated oxidative

stress markers.
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Fig. 5. Oxidative stress markers in GDM-PSUI
compared with three control groups (values expressed
as means and standard deviations). Non-GDM-C: non-
gestational diabetes mellitus and continent group; non-
GDM-PSUI: non-gestational diabetes mellitus and
incontinent group; GDM-C: gestational diabetes mellitus
and continent group; GDM-UI: gestational diabetes
mellitus and incontinent group; nmol/mg protein:
nanomole per milligram.

4. Discussion

Pregnancy is a of important physiological changes in a woman's body,
reflected in the homeostasis of maternal glucose and micronutrients
(Hernandez and Brand-Miller, 2018). Nutritional deficiencies are common in
pregnant women, and a diet full of macronutrients and micronutrients ensures
optimal nutritional support for the development of the fetus and prevents
possible maternal and fetal metabolic complications throughout pregnancy and
childbirth (Plows et al., 2019).

Thus, in this study, the expression of genes related to micronutrient
uptake was verified on whole blood of pregnant patients with or without GDM
and PSUI. The results showed a decreased gene expression of RXRA in GDM

women with urinary incontinence relative to continent GDM women. The
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expression of the RXRA nuclear receptor changes with vitamin A status, and
vitamin A activity depends on RXR activation (Yu et al., 2021b). Vitamin A
deficiency is linked to a decrease in the expression of RXR and an increase in
the expression of PPAR, which alters the lipid metabolism in the heart of rats,
according to a study by (Vega et al., 2009). Godfrey et al. (2011) found greater
methylation of the RXRA gene was noted in the umbilical cord blood of
neonates in the group of pregnant women who ingested smaller amounts of
carbohydrates in early pregnancy. According to Ren and Zhu (2022), in the
presence of thyroid hormones (TH), ligand-bound thyroid hormone receptors
(THRs) couple to thyroid hormone response elements (TRES) as a heterodimer
with the retinoid X receptor (RXR). This ligand-THR/RXR complex then recruits
coactivators, which are proteins that facilitate gene transcription. This complex
and coordinated interaction allows THs to exert their regulatory effect on various
physiological processes such as development, metabolism, and homeostasis.
Mukwaya et al. (2018) demonstrated that the inflammatory process inhibits the
expression of RXR; this suggests that inflammation can interfere with the
function of the RXR and GDM for being an inflammatory process, possibly
affecting the biological processes in which the RXR is involved.

A decreased gene and protein expression of TRFC was observed in
GDM incontinent women compared to GDM continent women. TRFC is
regulated according to the amounts of intracellular iron (Wallander et al., 2006).
According to Macedo and Sousa (2008), when TRFC expression is increased,
this is evidence of iron deficiency in cells. Furthermore, Yang et al. (2016) found
that maternal TRFC levels in serum were elevated in women with GDM
compared to non-pregnant women, which was not observed in our study about
the GDM-PSUI group. According to Khan et al. (2005) in human vascular
endothelial cells, after exposure to high levels of glucose, TRFC mRNA
decreased, along with increasing oxidative stress. TRFC concentrations are
useful for detecting iron deficiency and assessing the degree of iron supply in
GDM (Skikne et al., 1990; Yang et al.,, 2016). The role of iron in the
development of GDM s uncertain, but high iron stores are linked to
disturbances in glucose metabolism (Yang et al., 2016) and increased risk of
type 2 diabetes (Montonen et al., 2012). Although the best-known function of

TRFC is the regulation of iron metabolism, it also plays an important role in

100



muscle physiology. Specific deletion of TRFC in muscle in animal models
resulted in a number of negative effects on muscle tissue such as retardation of
muscle growth. The absence of TRFC impairs iron uptake by muscle cells,
negatively affecting protein synthesis and proper muscle development (Ding et
al., 2021).

No significant difference was seen with respect to oxidative stress
between the groups of pregnant women regarding MDA and protein
carbonylation. Diabetes is a condition of glucotoxicity that leads to post-
translational modifications, such as protein carbonylation (Zheng et al., 2016).
Biochemically, modified proteins are the causes of tissue damage (Cederberg
et al., 2001) however, this condition was not observed in our study. In the study
by (Gelisgen et al., 2011) with pregnant women evaluated between 24-28
gestational weeks, an increase in plasma protein oxidation was observed in
healthy pregnant women. A significant increase in MDA and vitamin E was also
seen in pregnant women with GDM at 24-28 weeks of gestation, relative to
healthy pregnant women (Ma et al., 2021). According to Surapaneni and Vishnu
Priya (2008), oxidative stress during pregnancy is associated with the risk of
anomalies, and when antioxidant vitamins are low and lipid peroxidation is
increased, it is believed that GDM is a cause of the pathogenesis of lipid
peroxidation, which was not noticed in the present study.

For oxidative stress, there was no significant difference between the
groups of pregnant women regarding MDA and protein carbonylation. Diabetes
is a condition of glucotoxicity that leads to post-translational modifications, such
as protein carbonylation (Zheng et al., 2016). Biochemically, modified proteins
are the cause of tissue damage (Cederberg et al.,, 2001); however, this
condition was not observed in our study. Gelisgen et al. (2011), who evaluated
pregnant women evaluated between 24-28 gestational weeks, an increase in
plasma protein oxidation was observed in healthy pregnant women. A
significant increase in MDA and vitamin E was also seen in pregnant women
with GDM at 24-28 weeks of gestation relative to healthy pregnant women (Ma
et al., 2021). According to Surapaneni and Vishnu Priya (2008), oxidative stress
during pregnancy is associated with a risk of anomalies, and when antioxidant

vitamins are low and lipid peroxidation is increased, GDM may be a cause of
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the pathogenesis of lipid peroxidation, although this was not observed in this

study.

5. Conclusion

To understand the cellular processes that regulate iron homeostasis,
such as TRFC, is essential to seek new treatments for diseases such as GDM.
In addition, the finding regarding the expression of TRFC in pregnant women
with GDM-PSUI can be used as a tool for nutritional and/or pharmacological
intervention in this population of pregnant women. Thus, the practice of
nutrigenomics will help in the treatment of non-communicable diseases such as
GDM, being the future of individualized nutrition to better serve patients in their

needs and use the appropriate therapy.
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Secao 5
Perspectivas
Académicas e Cientificas




Perspectivas em curto prazo

A publicacdo dos dois artigos da tese de Doutorado e a continuagdo das
publicacdes na area de nutricdo e medicina, a fim de contribuir para a pesquisa
cientifica do Brasil. A divulgacdo da pesquisa a outros pesquisadores com o intuito
de propagacéao da ciéncia e do conhecimento.

Perspectivas em médio prazo

Dar continuidade a pesquisa clinica iniciada na enfermaria da maternidade do
HC por meio de um projeto de pds-doutorado para orientar as gestantes seja por
meio da alimentacéo e/ou suplementacao alimentar.

Perspectivas em longo prazo

Lecionar na disciplina de nutricAo materno-infantii ou outra disciplina
relacionada a éarea da saude, e o atendimento a pacientes gestantes e nao
gestantes em consultério, bem como a constru¢do de guidelines para a populacao
de gestantes.
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Anexo 1 - Termo de Consentimento Livre e Esclarecido da Pesquisa Clinica

TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDDO - TCLE
(TERMINCLOGIA OBRIGATORLA EM ATENDIMENTO A RESOLUCAOD 4661 2-CNS-MS)

A sra esth sendo convidadn & participar de wma pesquisa imimulada  “Esteds de coorte prospectivo: meve trisde gestacionasl
(hiperglitensis, imcontinéncla wrindria e perfil clinkes, e imdos da ma de i

trasslacional com Medevices pars repeseracis museslar em ratas com diabetes” que pmmdemdrunﬂnh.:n da hiperglicemin gsmﬂ.umnl
na incontindneia especifica da gesinglio e na funplio dos meisculos do assoalho pébvics {misculos que envolvem a vagina e o s . além de estadar
composic ko dos misculos do Ml‘l’!'!dﬂ sangue parn deteciar o processo paokigico destn muscalmura dumnte a gestaglo e 6-12 meses pés-panio.
Este projeto comemgla ainda ) !

i ¥3ubpeojeio |: Relagho dos achados el ficos dos los do lho pélvico com os niveis de relacma ao longo da gesinglo e apés o
pano de mulheres com hiperglicemia guncmml e incontrdncis wrindnia especifica da gesingio (Orientador: Marilkes Viem Cuanha Rudge’
Orientando: Carcling Baldini Prudesciod Nivel: Doutorsda)

i b Subprojeto 2 Ulimssonegrafia Tridimensional do essoslbo pélvico de mulheres com hiperglicemia gesincional 1618 meses apis o gestaghio
{Orienimdor: Marilza Yieira Cunha Rudge’ Orientando: Cardos Emiss Sanorio Filhe' Nivel: Doutomsdo);

{1 Subprojews 3: Coone prospectiva da riade hiperglicensia gestacional, i inéncia urininia especifica da gestagio e disfangio muscular do
msnalho pélvico, avaliada pela wlirssonografia funcional, como pr.edllnrldu mcontinéncia urindnia e disfunglio muscular 618 meses apds o pano
{Onienidor: Marilza Yieira Cunha Rudge’ Orientando: Fabiane Afforso Pinbeio' Nivel: Douvtorado)

{ ) Subprojeio 4: Niveis de micromuirientes e da expressdo de seus recepiores em: nulberes com Disbeies Mellineg Gestncional e Incontinéncia
Urinéria Especifica da Gesinglio (Orientador: Marilza Vieira Cunha Rudge! Orientando: Sarsh Maria Bamere Cosin/ Mivel: Dowoado).

A s foi selecionsda o participar dessa pesquisa por apresenior camcteristicns goe se adequam a esie esiuda.

{ b Assimalar: 1} Esia eizpa consim de alpames pergunias sobee sua vida pessoal, hisitrico de doengas e hibibos. Os questiondrios devero
ser respondidos pela sra antes do svaliaglio fisica ¢ fario pane de um ssivdo com demais. pwlheres que tawbém responderio oos mesmos
quesiiondrios. A entrevisia durmni cerca de 15 minwios.

1 ) Assinalar: 2) Mesia etapa serd realizado o exame fisico que consin de avalisgio dos medides corpomis ¢ dos misoulos vaginais pelo
toque digial, pela sonda inirevoginal e pela ulrassonografia. O exame fisce domd cerca de 40 minuies. Todos os procedimendos shio separos,
porém sky considerados possiveis nscos do procedimenioc desconforio e dor. O procedimento iem por finalidade ajudar 2 esclarecer como
Fanciomam os misculos do assoalho pébvicn de gesisntes com disgnisiico de dighete naeliso gestacional e também sem diabeie gestacional.

1 ) Assinsler: 3) Esta etapa & para coleta de sangoe que serh realizada apbs o e flsico, em gque serd coletado no mixime 10 ml de
sangoc para andlise de componentes sanguinsos como hormdnios, enzimes, vilnminas ¢ minemis. Neste procedimento pode ocomer dor, desconfonio
« hemaiona no local da coleta do sangue. Caso seja necessimo nepetir 2 dossgemn sanguinea de alguma andlise descrita scima, wilizorenos parie ou &
totalidade de no misime 2wl de sore do sanpee que ficard armesesade om allqeots no Biomepositino. Este matenial ficerh srmazensdo por no
miénime 10 anes ¢ ciso o scja uiilizado serd descanindo indo os normes ificas deste

1 ) Assinalar: 4) Esia eiapa ccorrerd duranic 2 cirurgia cesaniana, momento goe serd coleiado ne mdximo 3,0 cm de miscalo de cada lado
do miscule et abdominal, este procedinente ao oferece riscos sdicionsis sos & considerades oo reslizar a cirorgis cosariang. Serko realimdes
andlizes no misoulo coletsdo. Case seja necessirio repetir algunsa andlise, wilizaremos pane oo 8 totalidade de mo meixine 0.5 cm do miscubo que
ficard armazenado no Biomeposisinio. Esie maierial ficard armazenado por ne miximo 10 anes © caso nfio scja uiilizade serd descartado seguindo o
normes especificas deste proced imenio.

1 ) Assimalar: 5 No pés-paric & Sm serd oo hadn ¢ liadn em & ios diferenies, sendo eles: entre 24 ¢ 4% hores apds o
pasto, 6 semanas apds o panto, ¢ também &, 12, 18 ¢ 14 mees apés o pano. No momento 24 ¢ 28 bors apbs o paroe serbo realizsdos o ospas 13
SOMECTiE, 105 cUlTos momeios serio raalimdss iodas & ctapas cxweion 4.

Caso scjom utilizadas sobwns de smosires de sangoe oo miscalo para outres pesquisas serd fomualiondo um nove projess de pesguisa.
Saoliciio tansbém seu conseniimento par consultar soa prontudrio médico pan coleisr cmrs miomapbes i contidas como suns eedidas, exemes de
sanpuc, dados das gesingdes ¢ do pré-naisl referemes a consubtas feits mieronmente pels Senhora.

Seu beneficio em panticipar da pesquisa send ser avalinda dumanie oda gestagio sobre a evolugio da nvssculabar de scus miscubos vagingis
« shdominal ¢ s¢ deiecindo alpoms alicragic vool serh oneninda ¢ imbadn pars o a 10 neccssdnio. Além disso. reccherd oriemtaghes de
Come manier sas salde perinenl para evitar possiveis perdos de urme. O deslocomento par & cokta de dodos send ne mesmo din gue ook for
realizer sun comsulta ieédica ca outros exanes de roting relacionsdos 4 gesingdo, portanic, ndo trand dous adicicnal.

Figue ciente de que s parficipagio neste estado & volonidna ¢ que neesmo apds ter dade seu comsentimenio para participar da pesquisa,
vood podend reiira-lo a qualquer momenic, sem qualquer prejuizs na continuidede do seo maimmenic. Esie Termo de Consentimenio Livee e
Esclarecido seri elaborsdo em 2 viss de igasl wor, o qual 01 vis serd entregee ac Senhor (&) devidansente rubricada, ¢ a owmra via serd arquivada e
maniida pelos pesquisadores por um perioda de 3 anos apds o irmino da pesguisa. Cuabguer divida adicional vocd podend exirar em conirabo com o
Comité de Ericn e Pesquisa através dos telefones ( 14) 38501606 on 3580.1609 que fancions de 2 o 6¢ fein dis 800 & 1130 ¢ dos 1400 is
1Thoras, na Chicara Butignalli sm® em Ruobiko Jinor - Botecoty - Sko Poulo. A priscipal investigndora & o Dre Maribn Rudge que pode ser
encontrada no Distrito Rubiso Ir - s'n, SP Telefone: 14) 3803-1711 ou por e-smail: marilzarydges gmail com,

Apds terem sido sansdas todes minhas dividas o respeito deste estado, CONCORDO EM PARTICIPAR de forma voluntina, cstando
chente gue todos o8 meus dados estardo resgusrdados airevés do sigik que os pesquisadores se comgromeicran. Estou cienie que os resultados desse
estudo poderie ser pablicados em revistas cientifices, sem no emanto, que minha idemtidade seja revelada.

Ew R
Teld___) [N End:
Concordo voluntarizmente em participar dos procedinenios de ovalischo ¢ imtervenglo, os guais ful devidamenic esclarecida.
Diata: i
Assinaturs da Participante
Pesquisador Responsivel pels Colew
Telefone:
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Anexo 2 — Aprovacéo do CEP

UNESP -FACULDADE DE
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PARECER CONSUBSTANCIADO DO CEP
DADOS DA EMENDA

Titulo da Pesquisa: Projeto MBe: Estudo de coorte prospectivo: nova trlade gestacional (hipenglicemnia,
incontinéncia urindria e perfil clinico, malecular & dmico da méopatia hiperglicémica) na
predigio de incontinéncia. Pesquisa translacional com biodevice para regeneragio
muscular em ratas com diabetes

Subprojeto 1: RelagBo dos achados eletromiograficos dos mdsculos do assoalho
péhvico com os nivels de relaxina a0 longo da gestacdo & apds o parto de mulheres
com hiperglicemia gestacional e incontindncia uninaria especifica da gestagao
(Orientador: Marilza Vieira Cunha Rudge/ Orientando: Caroling Baldini Prudenciol
Mivel: Doutorado)

Subprojeto 2: Ulrassonografia Tridimensional do assoalho pélvico de mulheres com
hiperglicemia gestacional 16-18 meses apds 8 gestacio (Orientador: Marilza Vieira
Cunha Rudge! Orientando: Carlos |zaiss Sartorde Filho! Mivel: Doutorada );

Subprojeto 3: Coorte prospectiva da triade hiperglicernia gestacional, incontindncia
windria especifica da gestagdo e disfungdo muscular do assoalho péhvica, avaliada
pela ultrassonografia funcional, como preditora da incontinéncia uringria e disfungéo
muscular 6-18 meses apbs o parto (Orientador: Marilza Vieira Cunha Rudge/
Orientando: Fabiane Affonso Pinheired Nivel: Doutorado)

Subprojeto 4: Niveis de micronutrientes e da expressio de seus receptores em
mulheres com diabetes mellitus gestacional e incontinéncia urindria especifica da
gestagio{Orientador: Marilza Vieira Cunha Rudgel Orientando: Sarah Marnia Barneze
Costal Mivel: Doutorada).

Pesquisador: Maniza Vieira Cunha Rudge

Area Temética:

Versdo: 4

CAAE: 82225617.0.0000.5411

Institulgio Proponente: Departamento de Ginecologia & Obstetricia

Patrocinador Principal: FUNDACAD DE AMPARO A PESQUISA DO ESTADO DE SA0 PAULO

DADOS DO PARECER

Mimero do Parecer: 3.342.065

Emdorego:  Chicara Busgnoll , sin

Badro:  Rubifo Jurior CEP: 1B.E1B-8T0
UF: & Mwuniciplo:  BOTUCATL
Talefone: |[14)3880-160% E-maill: cepdimb unesp.br
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Apresentacio do Projeto:

As informagtes descritas nos campos “Apresentagac do Projeto”, “Objetivo da Pesguisa® e “Avaliagdo dos
Riscos e Beneficios” foram refiradas dos documentos & arguivo - Informagtes Basicas da Pesguisa.

Mo estudo aprovado (Projeto Mae), intitulade: Estudo de coorte prospective: nova friade gestacional
{hiperglicemia, incontinéncia winaria & perfil clinico, molecular @ dmico da miopatia hiperglicémica) na
predigio de incontinéncia. Pesquisa translacional com biodevice para regeneragio musculsr em rates com
diabetes. constam: 3 subprojetos aprovados antericomente:

Subprajeto 1: Relagdo dos achados eletromiograficos dos misculos do assoalho pélvico com os niveis de
relaxina ao kongo da gestacio & apds o parto de mulheres com hiperglicemia gestacional e incontinéncia
urindria especifica da gestagio (Orentador: Marilza Vieira Cunha Rudge/ Orientando: Caroline Baldini
Prudencio/ Mivel: Doutorado)

Subprojeto 2- Ultrassonografia Tridimensional do assoalho pélvico de mulheres com hiperglicemia
pestacional 16- 18 meses apds & gestagdo (Orientador: Marilza Vieira Cunha Rudge! Orientando: Carlos
|zalas Sartor8o Filho! Nivel: Doutorado);

Subprojeta 3: Coorte prospectiva da triade hiperglicemia gestacional, incontinéncia urindria especifica da
pestaco e disfuncdo muscular do assoalho pélvico, avaliads pela ultrassonografia funcional, como praditora
da incontinéncia urindra e disfuncio musculsr §-18 meses apds o parto (Orentador: Marilza Vieira Cunha
Fudgel Orientando: Fabiane Affonso Pinheirod Nivel: Doutorado) .

Trata-se de emenda para incluséo da Discente Sarah Bameze e do subprojeio 4: Miveis de micronutnientes
& 48 expressho de seus recepiores em mulheres com Diabetes Mellites Gestacional & Incontinéncia Urinéria
Especifica da Gestagdo (Orientador: Marilza Vieira Cunha Rudge! Onentando: Sarah Maria Bameze Costal
Mivel: Doutorado), com objetive de realizacio de doutorado (Orientador: Marilza Vieira Cunha Rudge/
Orientando: Sarah Maria Bameze Costal Nivel: Doutorado). Segundo os pesguisadores, os objetivos e
metodologia deste subprojete 4 estio contemplados no projeto maior, ndo sendo alterados
subatancislments, apenas serd incluldo um guestionario de frequéncia alimentar & os exames bloguimicos
do lactogénio placentirio. do fator de crescimento semedhante & insulina tipo 1, da vitamina BY. da witamina
C. da vitamina E, do zinco & do ferro.

Mo estudo cinico, a8 participantes serdo selecionadas entre margo 2016 & dezembro de 2018 no Centro de
Investigagio do Disbete Perinatal da FMEBE UNESF, no Ambulatdric de Gestagho de Risco do Hospital
Maternao Infantil da FAMEMA & no Hospital Regional de Assis. O total de participantes

Emdorego:  Chacara Bufignoll . sin

Babro:  Rubilo Junior CEP: 1B.E1B-370
UF: 5F Municiplo:  BOTUCATU
Taolofona:  |414)3880-1609 E-mail: cepdimb unespbr
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serd de 160 considerando as gquatro coortes gue ser8o constituldas. Serd reslizada andlise do perfil
bioquimico, obtido pelas andlises sanguiness dos niveis de CCLY, Relaxina, Ca. PTH, calcitonina, vitamina
D, glicose e insuling; nos MAPS, serfo realizados a Avaliagho Funcional do Assoalho péhiico (AFA),
Eletromiografia (EMG) e Ultrassonografia (US), nos MRA serfo realizados EMG & US, no momento da
cesdrea a contratilidade ex vive obtida pelo Midgrafo, & os perfis morfoldgico (ultraestrutura das fibras
musculares & da matriz exiracelular), molecular (Expresaso Génica e Proteica das fibras musculares e da
matriz extracelular), crgandide, Omico (ranscriptémica, protadmica & metabolémica). Para o estudo
experimantal, serfo wilizadas ratas Wistar prenhes. divididas em grupos (n=20 cada) n8o diabéticas e
diabéticas, que serBo submetidas & instalago do bodevice de biomembrana de latex revestida de células-
tronco mesenguimais, implantados na musculatura estriada uretral e MRA. O estudo de Revisgo Sisterndtica
seguird s normas & serd registado na Colaboragio Cochrane.

Tamanho da Amaostra no Brasil: 160 participantas.

Objetivo da Pesquisa:

Analisar a influéncia da associago entre HGG (DMG & HEL), “IUEG® no perfil da “MHG® (morfoldgica,
funcional, bisguimico, molecular & dmico) dos MRA e MAPs. Hipdtese nula comespondente: Nao ha
aseociagdo entra HG gestacional, “IVUEG" com o perfil da “MHG® {morfoldgico, funcional, bioguimica,
madecular & dmice).Objetive 20 Analiser a triade HGG, “IUEG® e perfil da "MHG" (morfoldgico, funcional,
bioquimico, molecular e dmico) do MRA e do MAPs, com incidéncia de IU 6-12 meses PP e perfil
morfoldgics, funcional e biogulmico, dentro das guatro coortes constituldas pela combinagio entre HGG e
‘IUEG" Hipdtese nula cormespondente: O risco de U 6-12 meses PP e o perfil morfoldgico. bioquimico e
funcional do MRA & MAPs ndo sofrem efeito da trisde HGG, “IUEG® e perfil da “MHG" (morfolégico,
funcional. bioguimico, molecular e Smico) do MRA & do MAPs em mulheres com HGG.Objetivo 3: Biodevice
Avaliar o efeto do biodevice de I8tex de seringueira com CTMs na regeneragac do misculo estriado uretral
& MRA no PP de ratas com diabete moderado, no perfil morfoldgice, microvascular, molecular & dmica.
Hipttese nula correspondente: Mao ha efeito estatisticaments significative do wso do biodevice com CTMs
sobfe & miopatia diabética. Objetive 4: Revisdo Sisematica: Determinar a melhor evidéncia clentifica, por
medo da revislo sistemdtica, sobre efetividade dos exercicios sobre a DMAP e “IUEG® em gestantes HGs.

Endorego:  Chacara Busgnoll , sin

Badmo:  RubiSo Junior CEPF: 1B.E18-970
UF: =& Municiplo:  BOTUCATUY
Talofona:  |[14)3880-160% E-maill: cepdimib unesp.br
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Awallagio dos Riscos e Beneficlos:

EMG, US, AFA, dinemometro; Desconforto e dor leves na regiSo vaginal. Coleta sangue: dor, desconforto,
hematoma local (soluglo. compressao e gelo). Retalho de muscuby: este procediments ndo oferece riscos
adicionals 308 |4 considerados a0 realizar a cirungia cesariana Beneficios: A- Que o conjunto das anslises
morfeldgicas, funcionais, blioguimicas, moleculares & o mapeaments &mico caracterizem a "MHG®
relacionada & "IUEG" em gestantes HGa em dois estddios de gravidade ¢a miopatia diferenciados pedo tipo
de distdrbio hiperglicdmico (HGL e DMG). B - Que a triade caracterizada por HGG, “IUEG" e perfil
{marfoldgico, funcional, bioquimice, molecular e mico) da “"MHG" do MRA e MAPs seja preditora de IU 6-12
meses PP. C - Que o conjunto das andlises morfoldgicas, funcionais, bioguimicas, moleculares e o
mapeamento dmico definam marcadores Uteis. no diagndstico e em futuras terapias. D - Que a revis8o
sistematica evidencie a primeira linha de intervengio preventiva ou reabilitsdora para a DMAP & “IUEG" em
gestantes HGa. E - Que a *IUEG" em gestantes HGe sefa incluida de modo inovador como intercoméncia
clinica na gestaclo diabética e com HEL e represente nova ferramenta na definig3o do impacto maternc de
longo prazo do DMG & HGL. F - Espera-se que a “IUEG" em gestantes HGs seja considerada problema de
salde publica pela imbrice¢io de duas patologias com elevada prevaléncia (IU & DMG), gue tem impacts no
cusio em salde e gue uma (HGG-DMG ou HEL), por sua agdo sobre os misculos (miopatia), se confirme
como & base fisiopatoligica da ocorréncia da outra (IU). G - Que seja confirmada a potencialidade da
utilizagao do biedevice de biomembrana de ldtex como suporte para CTMs, para regeneracio da
musculatura estriada uretral @ no MRA PP cesdrea de ratas com diabete moderado para futuros estudos nas
fases pré-clinica e clinica. Esta abordagem translacional proposta trard esta peaquisa para a fronteira do
conhecimento na drea de Sadde da Mulher. uma vez gue estdo sendo aplicadas metodologias de andlise
que s& complementam na abordagem de problematica de interesse médico/social.

Comentarios e Consideragies sobre a Pesquisa:

Trata-se de emenda para inclus&o da Discente Sarah Bameze & do subprojeto 4: Miveds de micronutnentes
& da expressio de seus receplores em mulheres com Diabetes Mellites Gestacional & Incontingncia Urindria
Especifica da Gestagdo (Orientador: Marilza Vieira Cunha Rudge! Onentando: Sarah Maria Bameze Costal
MNivel: Dowtorado), com objetivo de realizacio de doutorado (Orientador: Marilza Vieira Cunha Rudge/
Orientando: Sarah Maria Bameze Costal Mivel: Doutorado). Segundo os pesguisadores, os objetivos e
metodologia deste subprojeto 4 estio contemplados no projeto maior, ndo sendo alterados
substancisimente, apenas serd incluldo um guestionario de frequéncia alimentar & os exames bioguimicos
do lactogénio placentério, do fator

Endarego:  Chicara Bulgnoll, sin

Balrro:  Rubido Junior CEP: 1g.E1B-970
UF: 5F Municiploc  BOTUCATU
Talofone:  [14)3880-1608 E-mall: copifmb uresp.br
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de cresciments semelhante 3 insulina tipo 1, da vitamina BY, da vitamina C, da vitamina E, do zinco & do
femro.

Consideragdes sobre os Termos de apresentacio obrigatdria:

Foram apresentados o documenios necessdnas. Nove TCLE fol apresentado com & inclusso do subprojetn
4. A folha de rosto consta o subprojeto 4.

Recomendagdes:

Apresantar relstdrio final de atividades apds conclusso da pesquisa.

Conclusdes ou Pendéncias e Lista de Inadequagbes:

Apbs andlise em REUNIAD ORDMNARIA, o Colegiado deliberou APROVADA a emenda apresentada.
Consideragdes Finals a critério do CEP:

Conforme deliberago do Colegiado em reunido EXTRADRMMARILA do Comitd de Etica em Pesquisa da
FMB/UMNESP, reslizada em 21 de MAID de 2019, o documento enviado na forma de "EMENDA®, ancontra-
s& APROVADD, sem necessidade de envio & CONEP.

Atenciosamente,

Comité de Etica em Pesquisa da Faculdade de Medicina de Botucatu — UNESP

Este parecer fol elaborado baseado nos documentos abalxo relacionados:

Tipo Documenio Arquiva Postagem Autor Situacao
Infermactes Basicas | FE_IN | 1 110472019 Acedo
@0 Projets 4 E1.pdf 13:42:25
Outros: Carta_resposta_comite_cpdf 1180472019 (Marilza Vieira Cunha | Aceito

13:41:35 |Rudge
Folha de Rioato FolhaDeRostofAssinada_Sub_Proge_4 S| 29/01/2019 |Sarah Mans Bameze| Aceito
arah.%l 11:51:24 | Costa
Outros &rma uencialnsttucional _Sub_| ZO01/2018 | Sarah Mana Bameze| Acels
i 4 Sarah.pdf 11:44:05 |Costa
Progetn Detalhado /| Oficio_so_comite_sub_pro|_4_Sarah.pdf| 29012019 |Sarsh Mana Bameze| Acedo
Brochura 11:41:10  |Costa
e stigador
TCLE / Termos de | TCLE_termnatico_com_subprajeto_d_de_|| 2900172019 |Sarsh Mania Bameze| Acsio
Assentimento / Sarah_Barmeze pdf 11:35:52  |Costa
Justificativa de
Aussbncis
Progetn Detalhado /| Projeto_doutorado_Sarah_Barmeze_sub| 29012019 |Sarsh Mana Bameze| Acedo
Brochura projets 4.pdf 113245 [Cosia
Emddorogo:  Chacara Busgnoll, sin
Badro: Rubila Jurior CEP: 18 E1B-870
UF: 5P Municiplo:  BOTUCATU
Talafona:  |[14)3880-160% E-mall: cepdimbunespbr
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Investgador Projeto_doutorado_Sarah_Bameze sub| 25001/2019 [Sarsh Mans Bameze| Aceito
projeto 4. pdf 11:32:45 [Costa
Owitros: EAF_Mariiza_Rudge._pdf 18/01/2018 |Marilza Vieira Cunha | Aceita
1737:08 | Rudge
Owitros: Fluxograma_Tematico_CEP.ppx 26/M1/2017 |Marilza Vieira Cunha | Aceito
19:18:14 | Rudge
Owitros: HRA pdf 26/11/2017 |Marilza vieira Gunha | Acelo
19:089:17 | Rudge
Owiros: termodeautorizacac_HRA pdf 26M1/2017 |Marilza \Vieira Cunha | Aceito
19:01:53 | Rudge
Ouiros coparticipacan_assis_municipio_jpeq 26/M11/2017 |[Marilza Vieira Cunha | Acedto
18:53:44 | Rudge
Dutros EUBFROJETO_3.doc T5M0/2017 | Mariiza Wieira Gunha | Aceio
23:41:43  |Rudge
Outros SUBPROJETO_2.docx 0512017 [Marilza Vieira Cunha | Acedto
2341:04  |Rudge
Frojeto Detalhado | | Projeto_mae.docx O5MW201T | Marilza Vieira Cunha | Aceito
Brochura 2339:04  |Rudge
mn! Frojeto_mae_Subprojetos.docx 05WVZTY |Manlza Vieira Cunha | Acedto
23:37:51 | Rudge
Orgamentn orcaments_tematico. pdf 05AW2T |Maniza Vieira Cunha | Aceito
233542 Rudqg
Owiros: SUBPROJETO_1.doc 0527 |Marilza \Vieira Cunha | Aceito
22:54:11 | Rudge
TCLE/Termos de  [TCLE_tematico docx 0512017 [Marilza Vieira Cunha | Acedto
Assentimenin | 22°48:47 |Rudge
Justificativa de
Auséncis
Outros Co_participacao_FFC_pdf MOW2017 [Marilza Vieira Cunha | Acedto
170246 | Rudge
Owitros: Co_participacao_Famema._|peg 21002017 | Marilza Vieira Cunha | Aceito
17:02:11__ | Rudge
Owiros: Co_participacao_Araraquara.pdf TN 2017 |Mariza Vieira Cunha | Aceilo
17:00:08 | Rudge
Owitros: Co_participacao_Bauru pdf 2102017 |Marilza Vieira Cunha | Aceito
16:59;
Owiros: Co_participacao_RioPreto. pdf 2102017 |Marilza Vieira Cunha | Aceito
16:58:52 | Rudge
Cwiros: Co_participacao_RioClaro. pdf Z10W2017 | Mariiza wieira Gunha | Aceia
16:57-58 | Rudge
Situacho do Parecer:
Aprovadao
Necessita Apreclacdo da CONEP:
Emderego:  Chicara Bulgnolll | sin
Babro:  RubiSio Junior CEP: 1B.B18-570
UF: 5P Municipio:  BOTUCATU
Talofona:  (14)3880-160% E-mall: cepglfmb unesp.br
Pigns 0f 8 07

121




Anexo 3 - Termo de Ciéncia e Anuéncia da Responsavel pela Secao Técnica de
Laboratorio de Analises Clinicas do HCFMB

FACULDADE DE MEDICINA DI BOTUCATU - UNE S3

TERMO DE CIENCIA € ANUENCIA b
(Preenchido pela Chetia imediata do Servigo) ——

Eu, Maria Salete Sarton, responsivel pela Seclo Técnica de Laboratdrio de Andlises
Clinicas daclaro que estou dente da realizagio dos lab: is do projeto de
pesguiss intitulado: Niveis de mi jentes ¢ da mxpressio de seos recpl em
mudheres com Diabetes Mellitus Gestaclonal e incontinénda Unndria Especifica da
Gestacio a ser e lvida pela Pesquisadora Sarah B sob orientacSo da
Prof Emérita Marilza Vieira Cunha Rudge no periodo de seu doutorado (01 de
margo de 2019 a 01 de dezembro de 2022).

Apés a aprovagdo do projeto de pesquisa pelo Comité de Ftica (CEP), 2 sua condugdo nos
Servigos do HCFMB, deverd ser planejada entre Pesquisador Principal @ Responsidvel pelo
Servigo para ndo interferir na operacionalizacSo efou stividades cotidianas das mesmaos,
O HCFMB ndo arcard com despesa decormente das atividades refadonadas 3 pesquisa

desernvolvida
Botucaty, 09 de faneiro de 2018,
Superieserniivein do Hospebel des Chewons- HCFMB Depta de de Aividacies A “esﬁlﬁﬁ)
Dierito de Rubilo Kinkae, #'a | CIP 18625970 DGAA
P | She Paule | Brasl) Nishoo (¢ Pesquria
Tl (B4} 2110208 | JRA3A200 | IRLS100 | Pux 362 Tel (14) 351100
san pesguiadoeiitx ek oeip e
wwvwctinh unegp e |
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Anexo 4 — Termo de Ciéncia e Anuéncia da Responsavel pelo Servico da
Enfermaria de Obstetricia

HOSPITAL DAS CLINICAS
FACULDADE DE MEDICINA DE BOTUCATU - UNESP

TERMO DE CIENCIA E ANUENCIA
(Preenchedo pela Chefia imediata do Servigo)

A
=P

Eu, Claudia Garcia MagathBes, responsivel pelo Servigo da Enfermaria de Obistetricia,
declaro que @stou ciente @ de acordo com o projeto de pesquisa intitulado: Niveis de
micronutrientes ¢ da expressio de seus receptores em mulheres com Diabetes Mellitus
Gestacional e Incontinéncia Urinaria Espedfica da Gestagio, a ser desenvolvido pela
Pesquisadora Sarah Barneze sob orientagdo da Profa. Emérita Manlza Vieira Cunha
Rudge nesta unidade no periodo de 01 de feversiro de 2019 » 30 de dezembeo de 2022,

Apds 8 sprovasBo do projeto de pesquisa pelo Comitd de Etica [CEP), & sus conduco
nos Servigos do HCFMB, deverd ser planejada entre Pesquisador Primcipal e
Responsdvel pelo Servico para nBio interferir na operadonalizacio efou ativdades
cotidianas dos mesmos. O HCFMS ndo arcard com despesa decorrente das atividades

refadionadas 3 pesquisa desenvolvida.
B u, 26 de N bro de 2018,
Rsslnamra & Carimbo do ¢ pelo Servigo o
- & M’.."’,;
1o Y Y
s 0y e T
GHar)
C’:z‘- 205%
Soperinteniecia de Haspitd dis Climces HOPME Depta. &z Ueato de Avidadcs Acadireicas-
Disring Qo Rutwide Jinioe, 550 l CEF 1361849% DGAA
Botesats | S8 Pands | Banddl Nk de Pesgain
Ted (M) 30116215 | llllilll | 3IR1L6100 | Fax 1622 Tel (14) 18116426
b2l o poqunadgmiaiimbiasog br
waw holod ooosp e |
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Anexo 5 — Termo de Anuéncia Institucional

HIVERSIDADE ESTADUAL PAULISTA

.y
F= T
u nes W e ULIO DE MESQUITA FILHO"
Campus de Bolucaiu

ESCRITORIO DE APOIO A PESQUISA

Documento de Anuéncia Institucional

Em tendo cumprido as andlises solicitadas pelo Fluxe Institucional de Projetos de
Pesquisa da Faculdade de Medicina de Botucatu e Hospital das Clinicas da
Faculdade de Medicina de Botucatu, informamos que a proposta de pesquisa
"Miveis de micronutrientes e da expressio de seus receptores em

mulheres com Diabetes Mellitus Gestacional e Incontindncia

Urindria Especifica da Gestagao”, protocolo 421/2018, que tem como autor principal
"Sarah Maria Bameze Costa" sob orientacio de "Marilza Vieira Cunha Rudge” esta

liberada para ser submetida ac Orgao de Etica da Instituicao.

Atencicsamente

yLavde

Prof. Adjunto Pasqual Barretti
Diretor da Faculdade de Medicina

Botucatu, 28 de janeiro de 2018

Doosranio gerado pelo SIPE.
Unidade Responsivet EAF - Esoriidrio de Apoio & Fesquisa
Fundicnana resporadvel: Fernanda Chiuso Minkucd
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Anexo 6 — Disciplinas cursadas

DISCIPLINA CREDITOS | CARGA HORARIA | FREQUENCIA | SITUACAO
“A Captaciio de Recursos 2 3ih Lo Aprovada
Externos para Pesquisa™
“Semindrios de Projetos de 3 45h 100%% Aprovada
Teses™
“Seminars in Maternal and 12 180h 1002 Aprovada
Offspring Health™
“*Tipicos Especiais: Diabetes 3 45h 100%% Aprovada
and Obesity in Pregnancy:
From Patients to Molecular
Mechanisms™
“Acdio dos Alimentos, da Flora 3 45h 100% Aprovada
Bacteriana ¢ da Absor¢io
Intestinal como Reguladores
Inflamatirios em Doencas
Crimicas™
“Alteragdes Morfologico- 3 45h 100% Aprovada
funcionais e Bioguimicas
Induzidas pela Obesidade™
“Semindrios de Trabalhos 2 3k 100%, Aprovada
Cientificos™
DISCIPLINA CREDITOS | CARGA HORARIA | FREQUENCIA | SITUACAQ
“Thpicos Especiais: Melhore a 3 45h 100 %% Aprovada
Dualidade das suas
Sequencias™
“Alteracies Funcionais e 2 30h 100 % Aprovada
Metabdlicas no Paciente
Critico™
“Saide Baseada em 3 45h 100% Aprovada
Evidéncias™
“Apresentacio ¢ Avaliacio i 30h 100 %% Aprovada
dox Projetos Cientificos™
“Taopicos Especiais: A z 30h 10 % Aprovada

Inteligéncia Artificial (Al) na
estruturacio e andlise de
dados para apoiar a geraciio
de conhecimento no projeto
temdtico DIAMATER™
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Aims: To evahuate the effects of gestational dizbetes mellitus (GOM) an the stractural char-
acteristics of the rectus abdominis muscle (RAM]) and its indirect effects cn pregnancy-
specific urinary incontinence (PSUY.

Methods: A total of 82 pregnant women were divided into four graups, according to their
clinical conditions: non-GDM continent, non-GDM associated PSUI, GDOM continent and
GoOmM d PSUL The muscle it i and immu

istry) for the fiber types and collagen fiber distribution, the ultrastructural anabysis jrrans-
mission electron micrascopy), the protein expression of fiber types and calcium signaling
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Kepwords:

Fregnancy-specific urinary
incantinence

Urinary incontinence
Gestational diabetes mellits
Skeletal muscle

* Com
Bosucatu, SF 18618970, Brazil
E-mail address:
1

at delivery were assessed.
Resuilts: The GDM groups presented a significantly increased number of skaw fibers and
slow-twitch caidative fiber expression; decreased fiber area, number of fast Sbers, and arca
o collagen; an increase in central nuclef; ultrstractural alterations with facal lesion arcas
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Abstract

Background: Ex-vivo myography enables the assessment of muscle electrical activity
response. This study explored the viability of determining the physiclogical responses
in muscles without tendon, as rectus abdominis muscle (RAM), through ex-vve myo-
graphy to assess its potential as a diagnostic tool.

Results: All tested RAM samples (five different samples) show patterns of electrical
activity. A positive response was observed in 100% of the programmed stimulation.
RAM 3 showed greater weight (047 g), length {1.66 €m), and width (077 cmj com-
parad to RAM 1, RAM 2, RAM 4 and RAM 5 with more sustained electrical activity over
time, a higher percentage of fatigue was anatyzed at half the time of the electrical
activity: The order of electrical activity (Mn) was RAM 3> RAM 5 = RAM 1 = RAM 4 = RAM
2. Mo electrical activity was recorded in the Sham group.

Condusions: This study shows that it is fieasible to assess the physiological responses
of striated muscle without tendon as RAM, obtained at C-section, under ex vivo
myography. These results could be recorded, properly analyzed, and demonstrated its
potential as a diagnaostic ool for rectus abdominis muscle electrical activity.
Keywords: Contractility, Rectus abdominis muscle, C-section, Myography, Skeletal
muscle

Background
The Rectus Abdominis Muscle (RAM), a striated muscle without tendon, extending
along the abd to the pubic symphysi d hysiclogical adaptations dur-

ing pregnancy [1-5]. As a striated muscle, the main focus of research has been on con-
tractile muscle cells [6]. RAM has synergistic contractile activity with the pelvic floor
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Infraphysiological 17 f-estradiol (E2) concentration compromises osteoblast
differentiation through Sre stimulation of cell proliferation and ECM
remodeling stimulus

Sarah Maria Barneze Costa”, Georgia da Silva Feltran , Vickeline Namba °,
Tabata Marilda Silva”, Raghavendra Lakshmana Shetty Hallur *°, Patricia Pinto Saraiva *,
Willian Fernando Zambuzzi ™, Celia Regina Nogueira
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ARTICLEINFO ABSTRACT

Erpwards: Bt has been shows that 17j-estradial {EZ) helps to prevent booe loss. This study was undestaken w verily whether
Menchymad stem cells E2 action In human mstecbiasts nvolves changes o the transcriptional profile of the THF-a, [FN-y, NF8, TRAIL,
TGF.f, MMP2, MMP, RECK, TIMP1, TIMPZ, CDZ, CId, 5RO, RUNXZ, snd SHH genes. Infphysiclogicsl

':"‘“‘:' doses of E2 chevated mENA In all geses except for INF-7, TRAIL, and TGF-3, bmportasaly, & sigaificant increase

— I the CDMs —2 and —4 geses was found, which strosgly suggests cell cyele progression, with 4 patential de-
pendency of Sec as well a5 8 f the estenblas mackinery, with ECM
remodeling being involved. These data suggest thar E2 plays an menmm rule In bone formation and remod.
eling, and Sre seesss o play a d ECW Taken together, these
findings contribeane 1o an undersanding of the muu.nalmpnyslnmpm E2 on medularing bone homeastasis,
favoring bone resorption, and leadisg 1o cateoporosts.

1. Introduction deserve attention.

It is knawn that ostenclastogenesis develops from monocyte cells
It is well known that the estrogen hormane, 17)-estradiol (E2) acts  respanding fo trophic mobecules such as tumor pecrosis Bctor (TNF.a)
on csteablasts through noclear receptors and regulates the cyickines  and RAMKL, and an increase has been reparted in the numsber of pre-
involved in bone remodeling (Kisak: . The activation of mmhsumwb;emm!hﬂd.ﬁmm[.l\
ostenclastogenesis via the receptor activator of the nuclear factor kap-  possibly in o5 with higher i
paE(RANH]Hmnepmrafﬂ! nuclear factor kappa-B ligand (RANKL) is resorption area, increased osteockast ammyuamumd. with cyto-
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im (L&), i in 11 (IL-11}, Eactor
knwn[.\.l.':u- al., 3). (Ewan Tat e a ., 20041 At m—malleuls, E2sap-
in the body in the activity of presses the cytokines that induce csteoclastogenesis ( and M;

bm:o:ﬂs.m:mhmmhﬂmnbn&:muphngdmnclaﬂsmdmum 20(41). The inflammation landscape revels a progressive resorption
basts, and thi: required for  scenariv in bane, and recent studies have revealed that hedgchog
bome remodeling, resulting in lm:l!asad bane las and in acute injury and i icm. In bone, E2 acts

theough direct and for indirest routes and reguiates biclogical respanses

in terms of osbeoblast and o
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ANEXO 11 - Tabela da quantidade de cada nutriente ingerido pelas gestantes em inglés - Dietary intake of nutrients in
GDM-PSUI compared with 3 control groups (values expressed as mean and standard deviation

Group Non-GDM-C Non-GDM-PSUI GDM-C GDM-PSUI
Variable Mean + SD Mean + SD Mean + SD Mean + SD P-value Differences Between Groups
Carbohydrates (g) 203.39 +121.76 218.95 +88.11 213.90 + 92.85 212.59 +79.46 0.418 GDM-PSUI=Non-GDM-C; GDM-PSUI=Non-GDM-PSUI; GDM-PSUI=GDM-C
Glycemic Index (g) 161.74 + 114.78 215.73 £133.19 196.60 + 97.81 214.49 £ 139.62 0.000 GDM-PSUI>Non-GDM-C**; GDM-PSUI=Non-GDM-PSUI; GDM-PSUI=GDM-C
Proteins (g) 74.58 £ 53.22 86.13 + 46.67 97.94 +52.09 83.28 +47.41 0.000 GDM-PSUI=Non-GDM-C; GDM-PSUI=Non-GDM-PSUI; GDM-PSUI=GDM-C; Non-GDM-C<GDM-C***
Aromatic Amino Acids (mg) 2608.88 +2188.66  2582.05 + 2119.65 3510.05 + 2430.56 3235.78 £ 1997.79 0.000 GDM-PSUI>Non-GDM-C*; GDM-PSUI>Non-GDM-PSUI*; GDM-PSUI=GDM-C
Branched Amino Acids (mg) 5604.88 + 4726.32 6063.76 + 4698.98 7564.04 + 5329.83 7054.93 + 4379.35 0.000 GDM-PSUI>Non-GDM-C*; GDM-PSUI=Non-GDM-PSUI; GDM-PSUI=GDM-C
Total Fat (g) 48.85 + 34.54 57.71+29.19 52.94 + 25.73 52.10 + 32.08 0.024 GDM-PSUI=Non-GDM-C; GDM-PSUI=Non-GDM-PSUI; GDM-PSUI=GDM-C
Monounsaturated Fats (g) 13.34 £10.49 15.72 £9.74 14.86 + 8.53 15.48 £11.16 0.072 GDM-PSUI=Non-GDM-C; GDM-PSUI=Non-GDM-PSUI; GDM-PSUI=GDM-C
Polyunsaturated Fats (g) 8.79£6.15 8.87+5.24 9.80 +4.77 7.38+3.79 0.000 GDM-PSUI<Non-GDM-C*; GDM-PSUI<Non-GDM-PSUI*; GDM-PSUI<GDM-C**
Omega-3 (g) 1.25+12.82 0.38 +0.55 0.41 +0,65 0.38 +0.62 0.466 GDM-PSUI=Non-GDM-C; GDM-PSUI=Non-GDM-PSUI; GDM-PSUI=GDM-C
Omega-6 (g) 6.38 £9.05 5.12 +6.36 5.30+7.43 5.16 + 6.64 0.266 GDM-PSUI=Non-GDM-C; GDM-PSUI=Non-GDM-PSUI; GDM-PSUI=GDM-C
Saturated Fat (g) 16.10 +12.48 19.64 +11.69 18.72 +20.76 16 +9.39 0.012 GDM-PSUI<Non-GDM-PSUI*; GDM-PSUI=Non-GDM-C; GDM-PSUI=GDM-C
Cholesterol (mg) 222.40 + 152.46 242.71 £139.41 312.63 £ 211.54 227.11 £137.45 0.000 GDM-PSUI<GDM-C***; GDM-PSUI=Non-GDM-C; GDM-PSUI=Non-GDM-PSUI
Dietary Fiber (g) 16.62 +9.88 17.95+8.17 19.03 +8.07 19.56 +8.45 0.006 GDM-PSUI>Non-GDM-C*; GDM-PSUI=Non-GDM-PSUI; GDM-PSUI=GDM-C
Insoluble Fiber (g) 8.80 +5.87 9.60+5.14 9.88+4.53 10.16 +4.73 0.066 GDM-PSUI=Non-GDM-C; GDM-PSUI=Non-GDM-PSUI; GDM-PSUI=GDM-C
Soluble Fiber (g) 4.90 £ 3.26 5.36 +2.80 551 +247 545+2.21 0.130 GDM-PSUI=Non-GDM-C; GDM-PSUI=Non-GDM-PSUI; GDM-PSUI=GDM-C
Ascorbic acid (mg) 122.64 + 829.42 89.37 +103.63 163.99 + 649.54 115.84 + 153.49 0.634 GDM-PSUI=Non-GDM-C; GDM-PSUI=Non-GDM-PSUI; GDM-PSUI=GDM-C
Retinol (mcg) 714.14 £ 1256.74 730.26 £ 825.79 841.24 £ 931.55 768.66 + 1404.35 0.729 GDM-PSUI=Non-GDM-C; GDM-PSUI=Non-GDM-PSUI; GDM-PSUI=GDM-C
Beta Carotene (mcg) 1361.71 + 2750.47 1403.97 + 2924.03 2469.52 + 4402.12 1720.88 + 3744.80 0.011 GDM-PSUI=Non-GDM-C; GDM-PSUI=Non-GDM-PSUI; GDM-PSUI=GDM-C
Lycopene (mg) 5.00 £2.16 3.42+12.14 6.76 £ 25.73 6.25 + 23.29 0.451 GDM-PSUI=Non-GDM-C; GDM-PSUI=Non-GDM-PSUI; GDM-PSUI=GDM-C
Tocopherol (mg) 10.62 +8.96 10.32 £5.97 11.91+6.39 10.06 +4.83 0.070 GDM-PSUI=Non-GDM-C; GDM-PSUI=Non-GDM-PSUI; GDM-PSUI=GDM-C
Calcium (mg) 410.90 + 378.55 585.56 + 333.02 563.50 +281.03 479.44 £ 297.51 0.000 GDM-PSUI<Non-GDM-PSUI*; GDM-PSUI=Non-GDM-C; GDM-PSUI=GDM-C
Chrome (mcg) 57.50 + 89.64 56.18 + 82.62 85.94 +128.54 84.84 + 89.53 0.001 GDM-PSUI>Non-GDM-C*; GDM-PSUI>Non-GDM-PSUI*; GDM-PSUI=GDM-C
Iron (mg) 47.73 + 257.88 50.79 + 271.60 64.81 + 321.36 24.70 + 153.18 0.559 GDM-PSUI=Non-GDM-C; GDM-PSUI=Non-GDM-PSUI; GDM-PSUI=GDM-C
Heme Iron (mg) 1.90 + 3.35 1.52+3.34 1.84+3.63 2.25+3.92 0.223 GDM-PSUI=Non-GDM-C; GDM-PSUI=Non-GDM-PSUI; GDM-PSUI=GDM-C
Non-Heme Iron (mg) 0.69 +1.48 189.52 + 75.06 0.35+0.62 0.46 +0.61 0.073 GDM-PSUI=Non-GDM-C; GDM-PSUI=Non-GDM-PSUI; GDM-PSUI=GDM-C
Magnesium (mg) 170.83 £ 95.17 0.54 +1.62 211.45 £ 80.09 197.96 + 132.10 0.001 GDM-PSUI>Non-GDM-C*, GDM-PSUI=Non-GDM-PSUI; GDM-PSUI=GDM-C
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Selenium (mcg) 17.59 + 48.85 14.92 + 24.50 24.82 +32.59 8.32+16.54 0.000 GDM-PSUI<Non-GDM-C*; GDM-PSUI<GDM-C***; GDM-PSUI=Non-GDM-PSUI
Zinc (mg) 9.10 £7.95 9.69 £ 6.89 12.20+10.20 11.68 +8.80 0.001 GDM-PSUI>Non-GDM-C*, GDM-PSUI=Non-GDM-PSUI; GDM-PSUI=GDM-C

Caffeine (mg) 127.39 + 553.24 96.92 + 480.66 161.37 + 823.85 67.94 + 443.10 0.490 GDM-PSUI=Non-GDM-C; GDM-PSUI=Non-GDM-PSUI; GDM-PSUI=GDM-C

n: number of pregnant women; SD: standard deviation; non-GDM-C: non-gestational diabetes mellitus and continent group; non-GDM-PSUI: non-gestational diabetes mellitus and incontinent group; GDM-C: gestational diabetes mellitus and continent
group; GDM-UI: gestational diabetes mellitus and incontinent group; p-value: probability of observing a test statistic value greater than or equal to the one found; *: p<0.05; **: p<0.001; ***: p<0.0001; mg: milligram; ml: milliliters; mcg: microgram; g: grams.
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