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Seção 1         

Trajetória Acadêmica 



 
 

 
 

 

Iniciei minha formação acadêmica em 2016, ingressando no curso de Terapia 

Ocupacional pela Universidade Estadual Paulista (UNESP) de Marília, durante o 

segundo ano de curso me tornei paciente de fisioterapia e me encantou a profissão. 

Em 2018, realizei a transferência para o curso de fisioterapia e conheci a Professora 

Drª. Angélica em sua disciplina, me apaixonei por esta área e tive a certeza que 

gostaria de seguir carreira na mesma, a procurei para que fosse orientadora em meu 

Trabalho de Conclusão de Curso e posteriormente, minha orientadora no Mestrado.  

Em 2019, tive a oportunidade de integrar o grupo de pesquisa “Diabete e 

Gravidez – Clínico e Experimental” da Faculdade de Medicina de Botucatu (FMB – 

Unesp), liderado pela Profa. Emérita Marilza V.C. Rudge, participando de reuniões e 

treinamentos. Em 2021, iniciei o Mestrado pelo Projeto Temático FAPESP DIAMATER 

“The Diamater Study Group”, sob a orientação da Profª. Drª. Angélica Mércia Pascon 

Barbosa e coorientação internacional do PhD Raghavendra Hallur. 

No decorrer do mestrado, participei de evento internacional (Anexo 1), como 

“Diabetes, Obesity and Pregnancy Outcomes”, “Obesity Inflammasome as a Risk for 

Developing Gestational Diabetes” e “Placental Adaptation in Gestational Diabetes and 

Obesity”.  

Fui contemplada com bolsa Treinamento Técnico 3 (TT3) da FAPESP 

(processo 2021/08617-3)(Anexo 2), em seguida com bolsa da  Fundação 

Coordenação de Aperfeiçoamento de Pessoal de Nível Superior (CAPES), (anexo 3), 

com o projeto intitulado: “Associação de variáveis bioquímicas com a miopatia 

diabética gestacional do assoalho pélvico avaliada pela eletromiografia como 

biomarcadora da incontinência urinária específica da gestação em gestantes com 

diabetes mellitus gestacional”, sob orientação da Profa. Dra. Angélica Mércia Pascon 

Barbosa. Colaborei com 8 artigos publicados em revistas de alto impacto (Anexo 4), 



 
 

 
 

 

publiquei meu Trabalho de Conclusão de Curso, “Prevalence and factors associated 

with pelvic floor dysfunction in university women: a cross-sectional study”, orientado 

pela Profª Drª Angélica Mércia Pascon Barbosa. 

Paralelamente ao desenvolvimento do mestrado, conclui a pós-graduação 

strictu sensu em Fisioterapia Pélvica e Uroginecologia Funcional, em Bauru-SP. 

Tenho o intuito de concluir o mestrado, continuar me aperfeiçoando e 

adquirindo conhecimento visando aumento na qualidade de vida relacionada a saúde 

das mulheres.  

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

 
 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

Seção 2  

Contextualização
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Avanços do conhecimento sobre biomarcadores bioquímicos relacionados a 

miopatia do assoalho pélvico induzida pelo diabetes mellitus gestacional e o 

impacto sobre a incontinência urinária específica da gestação 

 

O Diamater Study Group investiga desde 2006 a tríade Diabetes Mellitus 

Gestacional (DMG), miopatia induzida pelo diabete gestacional (MiDG), incontinência 

urinária específica da gestação (IU-EG) e seus biomarcadores. Esta linha de pesquisa 

deriva-se do Grupo de Pesquisa Acadêmico “Diabetes e Gravidez - Clínico e 

Experimental”. O DMG, é definido como hiperglicemia diagnosticada pela primeira vez 

durante o período gestacional(1), o qual é investigado no Centro de Investigação do 

Diabete Perinatal (CIDPN), por meio desta linha de pesquisa, constatou-se relação 

com a Incontinência Urinária Pós Parto, caracterizada pela perda de urina sendo o 

primeiro episódio identificado durante a gestação(2), e Miopatia do assoalho pélvico 

(MiAP)(3). Com a aprovação do Projeto Temático FAPESP (2016/01743-5): “Coorte 

prospectiva da tríade hiperglicemia gestacional”, “incontinência urinária específica da 

gestação” e perfil (morfológico, funcional, bioquímico, molecular e ômico) da MiDG” 

como preditora da incontinência urinária (IU) e miopatia do assoalho pélvico (MiAP) 6-

12 meses pós-parto, foi possível a expansão da linha de pesquisa nos aspectos 

morfológicos, clínicos, metabólicos, genéticos, imunológicos, moleculares e funcionais 

para analisar marcadores desta miopatia.  

Dentre as complicações médicas que podem ocorrer durante o período 

gestacional, o DMG está entre as mais frequentes(4), além de estar associado 

negativamente a implicações maternas, fetais, neonatais e perinatais, quando 

comparado à gestação não diabética(3). Uma de suas implicações caracteriza-se pela 

deterioração da função muscular fisiológica(4,6).  
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De acordo com as investigações realizadas no CIDPN, há prevalência de MiAP 

nas gestantes com DMG(7,8) e dois anos após a cesárea, definindo associação entre 

DMG e MiAP. (3,9,10).  

A MiAP pode ter como consequência prejuízo em funções essenciais de nosso 

organismo, como, micção, evacuação, sexualidade, dor pélvica e outras 

disfunções(10). Além de haver prejuízos durante a gestação, também pode ocorrer 

durante o parto.(11) 

A coorte DIAMATER, em busca da investigação da tríade DMG-IU-EG-MiDG, 

avaliada por questionários validados (Anexo 5), eletromiografia e marcadores 

bioquímicos. Assim como outros subprojetos, tem como base o “Integrated Diamater 

Conceptual Model” (Figura 1). 

 

Figura 1- Modelo Conceitual do papel da integração entre DMG-IU-EG e MiDG MRA-

MAP como nova tríade na determinação da prevalência de IU materna a longo prazo. 

Conforme resultados provenientes do Diamater, durante os períodos 
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gestacionais de 24-30 e 36-40 semanas, há diminuição do recrutamento dos MAP em 

diabéticas, ou seja, diminuição da atividade elétrica em repouso  e na contração 

tônica, ambas avaliadas por meio da eletromiografia(7).  

A contração muscular adequada depende da integridade neuromuscular e de 

cascata de eventos bioquímicos, é necessário que potencial de ação se propague pelo 

neurônio motor até as fibras musculares. Cada terminação nervosa secreta pequena 

quantidade de acetilcolina que abre canais para que Ca, Na, K movam-se até os 

mesmos, gerando despolarização local, esta despolarização abre canais de Na 

provocando potencial de ação na fibra muscular. Este potencial propaga-se pela 

membrana da fibra muscular fazendo com que o retículo sarcoplasmático libere íons 

Ca para dentro do sarcoplasma, o qual possui grandes quantidades de Mg e K, dando 

início a forças de atração entre os filamentos de actina e miosina das miofibrilas 

fazendo com que estes filamentos deslizem lado a lado caracterizando o processo 

contrátil. Os íons cálcio são continuamente bombeados de volta para o retículo 

sarcoplasmático, permanecendo armazenados até o próximo potencial de ação 

muscular, somente possível por meio do transporte ativo dos íons Na e K que mantém 

ambiente iônico apropriado para que o mesmo aconteça. Essa remoção de íons cálcio 

do sarcoplasma interrompe a contração muscular(13).  

Alguns marcadores bioquímicos influenciam indiretamente para que o processo 

contrátil ocorra, dentre eles o Mg, ativa a função enzimática relacionada a transmissão 

de energia por fosfato e pode exacerbar anormalidades de K e fósforo (P), responsável 

pela formação de Adenosina Trifosfato (ATP) cuja energia é utilizada para 

contração(14). Vitamina D (VITD) auxilia na absorção de Ca e P(15); glicose que por 

estímulo de insulina contribui para que haja energia suficiente para contração(17). 

Calcitonina e paratormônio (PTH) mantêm nível apropriado de Ca e P no sangue(14), 
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Rudge et al indicaram que "a existência de vitamina D e PTH, soro ionizado Ca, e 

fosfato alcalino são regulados com metabolismo de glicose para fortalecer os 

músculos"(18).  

Em virtude do desenvolvimento gestacional há aumento de biomarcadores 

sanguíneos como a glicose, podendo levar a morbidades como o DMG, e interferir no 

biomarcador cortisol, quando elevado pode provocar hiperinsulinemia pelo aumento 

de glicose, sendo responsável por aumento de seis a 10 vezes da produção hepática 

de glicose(22) . 

Alterações musculares também podem decorrer do DMG, fibras lentas 

apresentam maior influência sobre a insulina no músculo e na capacidade de 

manipulação da glicose. Possivelmente esta alteração está relacionada a resposta 

compensatória do músculo esquelético devido à hiperglicemia para regular a 

homeostase metabólica.  

Manter os níveis de glicose para gestantes é desafio, o corpo induz o estado 

de resistência à insulina. Quanto maior os níveis de glicose durante a gestação, maior 

correlação entre diabetes mellitus (DM) e declínio de massa muscular esqueléticas 

(MiAP) e aumenta chances de o indivíduo desenvolver IU-EG. Os sintomas do DMG 

provavelmente desaparecerão após o parto, contudo a IU-EG pode tornar-se 

complicação contínua (23). 

Tais marcadores podem influenciar também na via de parto, dieta baseada em 

Mg, Ca e K pode reduzir taxa de cesariana, visto que os níveis normoglicêmicos no 

sangue mantidos no paciente com DMG garantem a contração dos músculos durante 

o parto. A deficiência de Mg leva a hipocalcemia grave e à queda da concentração de 

soro de cálcio necessária para fortalecer os músculos, também é fundamental no 

processo de metabolismo da vitamina D para evitar o desenvolvimento de células 
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inflamatórias que possam causar desenvolvimento disfuncional dos músculos e 

comunicação placentária diminuindo o alinhamento da estrutura óssea do feto(24). 

O padrão bioquímico de sódio está associado à diminuição do risco de DMG. 

Níveis de intolerância da concentração de sódio devido ao DMG torna-se inibidor da 

contração dos músculos(24). 

Gestantes registram baixa produção de PTH que regula a produção de vitamina 

D e a síntese de cálcio para fortalecer os músculos e desenvolver embriões(18,25). A 

suplementação de vitamina D durante a gestação desempenha papel significativo na 

imunomodulação, regulação da ação da insulina e inibição de células 

inflamatórias(26,27). 

A hiperglicemia pode lesar o músculo esquelético com atrofia decorrente da 

neuropatia diabética ou por efeito mais direto sobre o metabolismo das células 

musculares pelo alto teor de glicose e baixo de insulina. A insulina é fundamental na 

manutenção da proteína do músculo esquelético e a perda de massa muscular no 

diabete decorre de danos nas vias de sinalização intracelular envolvidos na 

manutenção e no equilíbrio entre a degradação e a síntese da proteína nova que 

depende da fosforilação e da expressão de novas proteínas reguladoras específicas 

(28). 

De acordo com achados de Prudencio et al. níveis de glicose elevados, 

característica de DMG, em conjunto com IU-EG estão associados a menores 

concentrações de relaxina-2(29). 

Estas alterações funcionais, bioquímicas e estruturais no músculo esquelético 

diminuem a capacidade funcional, acarretam fraqueza muscular e diminuição nas 

mitocôndrias e transformações nas fibras musculares(30–33) . 
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Ao avaliar a contração muscular, pode-se caracterizar alterações e desta forma 

verificar miopatia. A MiAP aumenta as chances de desenvolver obesidade e 

intolerância à glicose prejudicada, limitando o fornecimento de nutrientes necessários 

para o organismo materno(34,35). 

A Eletromiografia (EMG), reconhecida como padrão ouro para avaliar 

funcionalidade muscular, permite registrar potencial de ação, influxo de Na e K, 

gerados pelas células musculares para análise da atividade durante o movimento, ou 

seja, registrar precisamente a ação muscular inicial, pico de atividade, tempo de 

ativação e fadiga(36). A EMG pode avaliar a funcionalidade dos MAP durante a 

gestação permitindo a análise do recrutamento das unidades motoras em decorrência 

de sua atividade bioelétrica. Favorece o estudo do recrutamento de unidas motoras, 

velocidade de condução das fibras musculares e a fadiga muscular, variáveis 

importantes para identificar com eficácia diversos aspectos do desempenho muscular 

da gestante(32,33). De forma complementar a palpação bidigital, permite 

conscientizar a forma correta da contração dos MAP e classificar seu 

desempenho(29). 

A presente Dissertação inédita, integra e se propõe responder perguntas 

previstas nos objetivos do Projeto Temático Diamater Fapesp 2016/01743-5, sobre 

biomarcadores funcionais e bioquímicos extremamente importantes da IU-EG em 

gestantes com DMG, para melhor entender os mecanismos que promovem a IU-EG 

em gestantes hiperglicêmicas e identificar marcadores bioquímicos e funcionais que 

possam elucidar os achados e direcionar a prática clínica preventiva e terapêutica. 

A presente Dissertação se propõe responder perguntas previstas nos objetivos 

do “Projeto Temático Diamater”. Tem aprovação do Comitê de Ética em Pesquisa 

(CEP) para seu desenvolvimento no projeto “mãe” CAAE: 82225617.0.0000.5411. O 
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objetivo é associar variáveis bioquímicas e funcionais com a tríade DMG, MiAP e IU-

EG. 

Os resultados obtidos estão apresentados no artigo de acordo o respectivo 

objetivo: 

- Identification of biochemical and functional variables in pregnant women with 

gestational diabetes mellitus, pelvic floor myopathy and pregnancy-specific urinary 

incontinence. 

 

Sendo assim, não apenas para responder às perguntas do Projeto Temático 

Diamater, o trabalho justifica-se por complementar a abordagem de problemática de 

interesse médico/social e pela IU-EG ser problema de saúde pública que afeta a 

qualidade de vida da mulher com impactos maternos a curto e longo prazo.  
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Resumo  

 
Iamundo, L. F. Identificação das variáveis bioquímicas e funcionais com a tríade 
Diabetes Mellitus Gestacional, miopatia do assoalho pélvico e incontinência 
urinária específica da gravidez. 2023. Dissertação (Mestrado) – Faculdade de 
Medicina de Botucatu, Universidade Estadual Paulista, Brasil. 
 

Introdução: o Diabetes Mellitus Gestacional (DMG), trata-se de doença metabólica, 

detectada pela primeira vez durante a gestação e pode levar a maiores alterações 

quando comparado à gestação normoglicêmica. A literatura demonstra em 

publicações a relação da incontinência urinária específica da gestação (IU-EG) com a 

miopatia do assoalho pélvico (MiAP) associado ao DMG. Objetivo: identificar 

variáveis bioquímicas e funcionais com a tríade DMG, MiAP e IU-EG. Método: Foram 

incluídas gestantes entre a 24ª e 38ª semana gestacional, com idade de 19 a 40 anos. 

Ao atenderem critérios de inclusão, responderam ao inquérito sobre dados pessoais, 

clínicos, obstétricos e questionários sobre incontinência urinária. Foram submetidas a 

exame para diagnóstico de DMG, exame de sangue para análise de variáveis 

bioquímicas como, relaxina-2, insulina, glicose, cálcio, calcitonina, paratormônio e 

vitamina D, cortisol, magnésio, sódio, potássio, zinco, ferro e fósforo. Foi realizada 

palpação bidigital do assoalho pélvico e eletromiografia. A avaliação da força dos MAP 

foi medida para caracterizar a miopatia. Resultados: O G-Tríade apresentou maiores 

valores de IMC pré-gestacional e gestacional (p=0.001), níveis glicêmicos (p=0.001), 

concentração de cálcio (p=0.000) e contrações sustentadas por 10 segundos na 

eletromiografia (p=0.039), o G-não-Tríade apresentou maior força muscular em 

contrações rápidas e sustentadas e concentração de relaxina-2 (p=0.001). 

Conclusão: As participantes do G-Triad foram significativamente diferentes das 

participantes do G-non-Triad em variáveis bioquímicas e funcionais. 

 

Palavras-Chaves: Assoalho pélvico; diabetes mellitus gestacional; eletromiografia. 
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Abstract 
Iamundo, L. F. Identification the biochemical and functional variables with the 

triad Gestational Diabetes Mellitus, pelvic floor myopathy and pregnancy-

specific urinary incontinence - 2023. General Qualification Exam (Master) - 

Botucatu Medical School (FMB), São Paulo State University (UNESP), Brazil. 

 
Introduction: Gestational Diabetes Mellitus (GDM) is a metabolic disease, first 

detected during gestation and can lead to greater changes when compared to 

normoglycemic pregnancy. The literature demonstrates relations to pregnancy-specific 

urinary incontinence (PS-UI) with pelvic floor myopathy (PFMi) has been associated 

with GDM. Objective: Identify biochemical and functional variables present in women 

positive for the triad, GDM, PFMi and PS-UI (G-Triad) as compared to control women 

(G-nonTriad). Method: Pregnant women between 24 and 38 weeks gestation and 

ages 19-40 years old were included. Subjects completed a questionnaire of personal, 

clinical and obstetric information and about urinary incontinence, were examined to 

diagnosis GDM and for analysis of circulating concentrations of relaxin-2, insulin, 

glucose, calcium, calcitonin, parathormone, vitamin D, cortisol, magnesium, sodium, 

potassium, zinc, iron and phosphorus. Bidigital palpation of the pelvic floor and 

electromyography were performed. Assessment of PFM strength was measured to 

characterize myopathy. Results: The G-Triad group had a higher pre-gestational and 

gestational BMI (p=0.001), glycemic levels (p=0.001), calcium concentration (p=0.000) 

and sustained contractions for 10 seconds in electromyography (p=0.039), in fast and 

sustained contractions. The G-non-Triad group had higher muscular strength and 

relaxin-2 concentration (p=0.001). Conclusion: Women positive for the G-Triad 

women are significantly different from G-nonTriad women in biochemical and 

functional variables.  

 

Key words: Pelvic floor; gestational diabetes mellitus; electromyography 
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Abstract 

Introduction: Gestational Diabetes Mellitus (GDM) is a metabolic disease, first 
detected during gestation and can lead to greater changes when compared to 
normoglycemic pregnancy. The literature demonstrates relations to pregnancy-specific 
urinary incontinence (PS-UI) with pelvic floor myopathy (PFMi) has been associated 
with GDM. Objective: Identify biochemical and functional variables present in women 
positive for the triad, GDM, PFMi and PS-UI (G-Triad) as compared to control women 
(G-nonTriad). Method: Pregnant women between 24 and 38 weeks gestation and 
ages 19-40 years old were included. Subjects completed a questionnaire of personal, 
clinical and obstetric information and about urinary incontinence, were examined to 
diagnosis GDM and for analysis of circulating concentrations of relaxin-2, insulin, 
glucose, calcium, calcitonin, parathormone, vitamin D, cortisol, magnesium, sodium, 
potassium, zinc, iron and phosphorus. Bidigital palpation of the pelvic floor and 
electromyography were performed. Assessment of PFM strength was measured to 
characterize myopathy. Results: The G-Triad group had a higher pre-gestational and 
gestational BMI (p=0.001), glycemic levels (p=0.001), calcium concentration (p=0.000) 
and sustained contractions for 10 seconds in electromyography (p=0.039), in fast and 
sustained contractions. The G-non-Triad group had higher muscular strength and 
relaxin-2 concentration (p=0.001). Conclusion: Women positive for the G-Triad 
women are significantly different from G-nonTriad women in biochemical and 
functional variables.  
 

 

Key words: Pelvic floor; gestational diabetes mellitus; electromyography 
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Introduction 

Gestational Diabetes Mellitus (GDM) is a metabolic disease, diagnosed for the 

first-time during gestation (1) that can progress to vascular, metabolic and neuropathic 

complications. In addition, functional, biochemical and structural alterations in the 

pelvic floor muscles (PFM) occur that can generate short and long-term consequences 

(2-4). GDM is associated with activation of the PFM responsible for micturition, 

evacuation and sexual activity, as well as for causing pelvic pain and other 

dysfunctions (5). PFM damage during pregnancy and parturition is a consequence of 

GDM (6-7). Alterations in biochemical markers involved in contractions interferes with 

muscle physiology (8). 

Changes to these muscles are characterized as Pelvic Floor Myopathy (PFMi) 

(9,10) and can be related to the occurrence of urinary incontinence (UI). UI, defined as 

any involuntary leakage of urine, has multiple causes (11). When the first episode of 

UI occurs in gestation it is called Pregnancy-Specific Urinary Incontinence (PS-UI) 

(12), and has a significant impact on social and sexual health, life quality and hygiene 

(13). These consequences are observed in women with UI, both during pregnancy and 

afterwards (3).   

The aim of the present study was to elucidate associations between biochemical 

and functional variables in women positive for GDM, PFMi and PS-UI (G-Triad). 

 

Methods 

This cross-sectional study was conducted was approved by the Institutional 

Ethical Committee of Botucatu Medical School of Sao Paulo State University (Protocol 

Number CAAE 82225617.0.0000.5411). The STROBE checklist was applied to the 
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study. Written informed consent was obtained from all participants after careful 

explanation of all research procedures. 

The inclusion criteria were: pregnant women between 24-38 weeks gestation, 

between 19 and  40 years old, having the ability to perform a palpable contraction of 

the PFM (16) and who had not received PFM training or any musculoskeletal PFM 

treatment previously or during pregnancy. The exclusion criteria were clinical diagnosis 

of diabetes (type I or II, or overt diabetes) in a previous pregnancy, twin pregnancy, 

history of urinary incontinence (UI) pre-pregnancy, having had more than two prior 

pregnancies, a previous vaginal delivery, previous surgery for prolapse or 

incontinence, failure to understand or follow of the PFM contraction protocol, history of 

neurological diseases, visible genital prolapse, cervical isthmus incompetence, as well 

as participants who withdrew their consent during the study period.  

The diagnosis guidelines proposed by the American Diabetes Association were 

used to identify patients with GDM (38) using the 75g oral glycemic tolerance test (75g-

OGTT). Participants were assigned to the GDM group if they presented with fasting 

glycemic levels ≥92 mg/dL or 1 hour ≥180 mg/dL or 2 hours ≥153 mg/dL. Participants 

diagnosed with GDM, whose PFMi assessments showed strength equal to or less than 

2 and PS-UI, were allocated to the Triad group (G-Triad). Participants who had lower 

glycemic levels, with a PFMi assessment strength equal to or greater than 3 and 

without PS-UI were allocated to the non-Triad group (G-nonTriad). PS-UI was 

identified by the presence of UI for the first time in the current pregnancy. 

The groups were composed according to the presence (n=57) or absence 

(n=69) of the Triad as shown in the flowchart in Figure 1. 
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Fig 1. Flow diagram of women with or without triad, screening, diagnosis, enrollment 

and follow-up analysis. 

 

Participant recruitment and assessment 

Participants were recruited from the Perinatal Diabetes Research Center 

(PDRC) of Botucatu Medical School/UNESP/Brazil, between 2021 and 2022. After 

providing written consent, they were invited to answer a questionnaire of personal, 

clinical and obstetric history details and anthropometric measures were obtained. To 

verify the occurrence of PS-UI, all participants were asked about the occurrence of UI 

and those who answered affirmatively were asked additional questions to determine 

the frequency of incontinence (four levels) and amount of loss (three levels) according 

to the Urinary Incontinence Severity Index – ISI(17). A questionnaire that assesses the 

impact of UI on quality of life - International Consultation on Incontinence 

Questionnaire – Short Form (ICIQ-SF) – was also completed (18).  

The PFM examination was then explained. After emptying their bladder, 

participants were asked to lie down on the stretcher in a supine position with their lower 

limbs flexed. To guarantee that participants understood the instructions, vaginal digital 
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palpation was performed, and a PFM contraction was requested by giving the verbal 

instruction “squeeze the vaginal muscle and hold them as hard as possible, as if you 

were holding urine until I say to relax”. We considered that an isolated PFM contraction 

was well-executed if there was no co-contraction of the adductor, gluteus, hip 

movements, or expulsion movements (41–43). Power (strength), endurance, and fast 

aspects of the PERFECT scheme were determined (16). For strength classification, 

the Modified Oxford Scale (MOS) was used, ranging from 0 (no discernible muscle 

contraction) to 5 (strong PFM contraction against resistance applied to the posterior 

vaginal wall) to assess PFMs. Participants who scored 2 or less on the scale were 

considered to have myopathy of the PFM (PFMi). 

The EMG measurement was performed by using a two-channel device (Miotool 

200 Uro; Porto Alegre, Brazil) with a gain of 1000, 14-bit A/D converter, input 

impedance of 1010 Ohm/ 2 pF, CMRR at 126 dB common, band-pass filter of 20–500 

Hz, and 2 kHz sampling rate. EMG activity of PFM was recorded by using a vaginal 

probe sensor with two opposite stainless-steel electrodes (85 x 25 mm) positioned on 

both vaginal sidewalls coupled to an active differential sensor with ring connection and 

100 times gain and two surface electrodes located in the buttocks close to the 

perineum, one on each side. The skin was prepared by using a 70% ethanol solution 

to fix the reference electrode on the ulna’s styloid process (19,20). 

For the EMG recordings, a modified Glazer protocol was used to verify muscle 

activity during rest-activity, fast and hold contractions (21,22). The sequence consisted 

of 3 segments: 1) five fast contractions or “flicks,” each preceded by a 10 second rest 

period, were defined as fast contractions; 2) five repetitions of 10 second contractions, 

each contraction preceded by a 10 second rest period, were defined as hold 

contractions 3) one contraction for 60 seconds was defined as a sustained contraction 
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(Fig 2). Women were instructed about the required sequence and need to contract the 

PFM immediately when verbally instructed by the researcher. The same evaluation 

sequence was performed for all participants. 

Fig 2. EMG recordings, modified Glazer protocol (4,24) 

 

Data analysis 

The raw signal of the EMG recording data was processed by using MiotecSuite 

software by an examiner blinded to the women’s clinical data. The electrical data of 

the recruitment root mean square (RMS) from the period of rest-activity was obtained 

by using Hanning window processing of the duration of the rest-activity period. The five 

fast, five hold contractions and sustained contraction, separately, were performed by 

using Hanning window processing and selecting the most stable period, which was 

from the beginning of the contraction, identified visually as the point where the EMG 

activity clearly deviated from the baseline, and the end of the contraction, where the 

EMG activity returned to baseline. After this process, calculation of each RMS 

arithmetic mean of the fast and hold contractions was performed (24). To normalize 

the EMG recruitment signal, we used the maximal fast contraction amplitude (RMS) 

chosen from among the 5 fast contraction values at 24–38 weeks of gestation because 

that was considered to be base data for analysis of changes in PFM activity (arithmetic 

mean of fast or hold contraction divided to maximal fast contraction) (24). 

 

Blood collection and analysis 
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The biological material for analysis of the levels of biochemical variables was 

maternal blood. Blood collection was performed by qualified professionals at the 

PDRC. Eight ml of blood were collected using a disposable syringe and needle. After 

collection, the variables Ca (mg/dL), PTH (pg/mL), calcitonin (pg/mL), glucose (mg/dL), 

insulin (pU/mL), vitamin D (mg/dL), cortisol (μg/dL), magnesium (mg/dL), sodium 

(mmol/L), potassium (mmol/L), zinc (mg/dL), iron (mg/dL) and phosphorus (mg/dL) 

were processed and analyzed by the Clinical Analysis Laboratory at HC, FMB, Unesp. 

Relaxin-2 (mg/dL) was analyzed at UNIPEX in duplicate analyzes using a 

commercially available ELISA kit. The procedures and analysis provided in the 

manufacturer's manual were followed. 

 

Sample size estimation 

The sample size calculation was performed a priori using G*Power. Since no 

previous research performed the measurements proposed in this study, for the 

calculations we considered a one-way analysis of variance test, power of 0.80, 

probability of error α of 0.05, and effect size of 0.25. According to the study design, two 

groups were considered for the calculation G-non-Triad (n=69), and G-Triad (n=57); 

the estimated sample size required was 90 participants (45 in each group). 

 

Statistical methods 

The software IBM SPSS Statistics for Windows, version 20.0 (IBM Corp., 

Armonk, N.Y., USA) was used for statistical analysis. Continuous variables were 

expressed as mean and standard deviation. To compare differences between groups, 

the independent-samples t-test were performed. Difference were considered 

statistically significant at p ˂ 0.05.  



46 

 

 
 

 

Results 

Amongst all included participants (n = 126) initially allocated, 69 women were in 

G-non-Triad and 57 women were in G-Triad.  Table 1 compares clinical, obstetrical, 

functional and biochemical data between pregnant women with and without the G-

Triad. Pre-gestational and gestational BMI from the G-Triad were higher (p=0.001 and 

0.001, respectively) compared to the G-non-Triad. The G-Triad had higher glycemic 

levels (p=0.001) than the G-non-Triad. In fast and endurance contractions, the G-Triad 

had lesser muscular strength in comparison to the G-non-Triad (p=0.001 and p=0.001, 

respectively). 

For the biochemical variables, calcium showed a higher concentration (p=0.000) 

in the G-Triad compared to the G-non-Triad and relaxin-2 showed a lower 

concentration (p=0.001) in the G-Triad compared to the G-non-Triad. 

The PFM activity during rest-activity, fast and hold contractions assessment by 

electromyography, demonstrated that during sustained contractions for 10 seconds 

(10-sec hold) the G-Triad (p=0.039) showed higher muscle activation compared to the 

G-non-Triad. 

There were no significant differences (p<0.05) in other analyzed factors such 

as, age, weight gain, gestational age, other biochemicals (insulin, calcitonin, 

parathormone, vitamin D, cortisol, sodium, phosphorus, and potassium) and other 

electromyography analyses. It was not possible to analyze for magnesium, zinc and 

iron due to the low number of pregnant women in which they were assessed. 

  



47 

 

 
 

 

Table 1 – Comparison of clinical, obstetrical, functional and biochemical data between 
pregnant women with and without the G-Triad. 

 G-non-Triad        G-Triad  

  n Media±DP n Media±DP p* 

Age (years) 69 27.9±6.1 57            26.6±5.5 0.221 

BMI (kg/m2) pre-pregnancy 65 24.3±4.9 52 30.9±7.9 0.001 

Weight Gain 65 7.7±4.7 53 5.8±8.1 0.111 

BMI (kg/m2) gestational 65 27.4±5.1 52 32.9±7.4 0.001 

OGTT (mg/dL) - 1h 66 110.2±26.1 47 157.0±37.8 0.001 

OGTT (mg/dL) - 2h 66 99.9±24.6 45 145.5±29.2 0.001 

Weeks of gestation 69 28.8±4.8 57 30.3±5.0 0.095 

Endurance (perfect scheme) 69 5.7±2.8 57 2.8±2.7 0.001 

Fast (perfect scheme) 69 7.6±2.8 57 4.7±3.9 0.001 

Calcium 40 9.1±0.8 43 9.5±0.8 0.000 

Vitamin D 10 32.3±17.1 11 31.7±19.7 0.944 

Phosphorus 37 3.9±0.8 39 4.1±0.5 0.052 

Cortisol 40 24.4±4.6 43 23.6±6.1 0.519 

Potassium 38 4.1±0.5 41 4.2±0.4 0.553 

Sodium 34 135.8±3.4 25 137.7±5.1 0.082 

Relaxin-2 33 624.9±336.1 33 436.9±429.7 0.001 

Deep layer of PFM      

1-sec phasic (Flicks) 49 86.3±8.6 52 84.9±10.4 0.452 

10-sec hold  55 88.4±8.4 54 91.3±5.9 0.039 

60-sec endurance 38 102.5±36.2 51 91.7±26.3 0.108 

Superficial layer of PFM      

1-sec phasic (Flicks) 41 86.6±7.7 54 86.9±9.3 0.868 

10-sec hold  41 83.0±24.8 54 86.6±19.1 0.424 

60-sec endurance 37 86.4±295 48 98.2±46.5 0.183 

n: sample; BMI: body mass index; kg: kilograms; m²: meter²; mg: milligram; dL: deciliter; OGTT: oral 
glucose tolerance test; h: hour; sec: second; PFM: pelvic floor muscle. The independent-samples t-test 
were performed. without Triad (Non-Triad), and with Triad (Triad).; p < 0.05 indicates significant 
difference. Significant p-values of the Mann-Whitney U test and chi-square test. Median (minimum-
maximum); n(%); ICIQ-SF: International Consultation on Incontinence Questionnaire-Short Form; ISI: 
Incontinence Severity Index; QoL: quality of life; Non-GDM-C: non-Gestational diabetes mellitus 
continent group; Non-GDM-PSUI: non-Gestational diabetes mellitus incontinent group; GDM-C: 
Gestational diabetes mellitus continent group; GDM-PSUI: Gestational diabetes mellitus incontinent 
group. 

 

Discussion 

This study assessed myopathy based on the results of PFM bidigital palpation 

of the pelvic floor muscles, EMG patterns of the MAP and biochemical variables of 

pregnant women with and without the G-Triad. Using a well-established protocol for 



48 

 

 
 

 

pelvic floor assessment, we reproduced a similar sequence of PFM contractions 

requested in clinical consultations, commonly used to identify motor strategy during 

brief and sustained PFM tasks.  

Our results were similar to prior studies that related pre-gestational and 

gestational BMI increases to the diagnosis of GDM and with PS-UI, that is, the 

pregnant woman who already has a BMI value changed to a higher one, or who 

increases the BMI during pregnancy. In our study both variables are classified as 

obesity, in the G-Triad according to the IOM (27) women positive for the G-Triad are 

more likely to develop GDM or PS-UI(28–30). Liang et al. demonstrated the 

association between pregnant women with increased BMI, ADG and PS-UI (31).  

Results relating to glycemic levels were higher in the G-Triad group, consisting 

of pregnant women diagnosed with GDM, and are in agreement with prior studies. For 

the diagnosis, we used OGTT indicated by the ADA and the World Health Organization 

(32,33), in addition to harmful effects caused by it (34,35).  

Obese pregnant women with GDM are at greater risk of hypertension, pre-

eclampsia, labor disorders, cesarean operations, premature births (28), muscle 

alterations and PFM dysfunctions (6,14,36,37).  

In our analysis of sustained and fast PFM strength, our study indicated lower 

values in the G-Triad, consisting of pregnant women classified with scores from 0 to 2 

through bidigital palpation (16). Compromised PFM integrity may predispose women 

to PFMD such as PS-UI and postpartum urinary incontinence, which has a substantial 

social and economic burden, besides being associated with higher public health costs. 

(38). Prudencio et al. indicated a lower PFM recruitment during rest-activity and 

contraction maintenance in the GDM group, consistent with our results from the G-

Triad (14). The functionality of the PFM, sustaining and fast contractions are important, 
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as these muscles participate in stability posture, maintenance of intra-abdominal 

pressure and mechanical support of the pelvic organs (39). Women with GDM also 

have a higher prevalence of UI. However, the exact pathophysiological mechanism is 

still uncertain. This may be related to weight gain, obesity and any conditions that 

increase bladder pressure and urethral mobility. Additionally, hyperglycemia can cause 

polyuria and detrusor instability, further increasing the risk of PS-UI (40,41). 

We also observed that the G-Triad had greater activation of the deep PFM during 

the protocol of 5 contractions lasting 10 seconds and 10 seconds of rest (24). A 

possible explanation for this result is that during the contraction the pregnant woman 

activates accessory muscles which occur for a longer time that is captured by the 

electromyographic signal. 

Our biochemical findings demonstrate lower concentrations of relaxin-2 in G-

Triad pregnant women. Hormonal balance is extremely important, especially in 

pregnant women. The change in relaxin-2 is commonly associated with UI (42). 

Relaxin is an antifibrotic hormone whose action promotes the degradation of collagen, 

and remodels metalloproteinases, gelatinases, collagenases and matrix alpha-smooth 

muscle. In addition it decreases gene expression of collagen I and III and interactions 

between collagen fibrils leading to increased slippage in collagen fibrils and length of 

the ligament (43). According to Prudencio et al. the combination of higher glucose 

levels and PS-UI lead to lower relaxin-2 concentrations, results similar to ours (15). 

Unexpectedly, a difference in the G-Triad group resulting in an increased 

calcium level was observed. Earlier studies demonstrated that in pregnant GDM 

women, serum calcium levels were significantly lower compared to healthy pregnant 

women. Calcium is directly related to the inflammatory process, oxidative stress, bone 

formation, placental formation, newborn weight, cesarean operation rate, macrosomia, 
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and has a fundamental role in the occurrence of muscle contraction t (44–47). Calcium 

binds to tropomyosin, allowing actin and myosin to slide, causing a shortening of these 

filaments that characterize the contraction (48,49). Our hypothesis for this increase of 

calcium in the G-Triad group is that it is not being well regulated in pregnant women 

so that it can develop the necessary function to promote intramuscular muscle 

contraction. It remains in greater amounts circulating in the body, resulting in 

decreased muscle activation and lower muscle strength, characterizing myopathy. It 

would be interesting for further studies to more deeply analyze intramuscular calcium. 

To our knowledge there is no study in the literature that evaluated and analyzed all 

these variables in women with GDM, PS-UI and PFMi (G-Triad) compared to a control 

group (G-non-Triad) of normoglycemic pregnant women, without PS-UI, whose PFM 

strength was equal to or greater than three during evaluation by bidigital palpation. 

We acknowledge some limitations in our study. It would have been valuable, in 

addition to measurement of vaginal pressure and EMG, to assess changes in force-

generating capacity to have more reliable estimates of maximal voluntary contractions 

(50). In addition, we also did not consider fatigue measurements, mainly because as 

shown by others there are variations in standardized protocols to assess PFM fatigue 

(51). The employment of intravaginal high-density surface electromyography would 

also have been beneficial to measure the number of motor unit action potentials by the 

decomposed signal (52). Finally, the use of vaginal probes with suction, designed to 

minimize movement artifacts and ensure optimal electrode alignment with the muscle 

fiber direction, is likely to enhance the technical quality of the EMG recordings. 

 

Conclusion  

The pre-gestational and gestational BMI, glycemic levels, calcium concentration 
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and sustained 10 second contractions in the EMG are elevated, while the strength PFM 

in fast and endurance contractions and relaxin-2 concentrations are reduced, in 

women positive for GDM, PS-UI, PFMi.  

 

Research Implication 

To our knowledge there have been no prior studies that evaluated and analyzed 

differences between a triad composed of GDM, PS-UI and PFMi (G-Triad) and a 

control group (G-non-Triad) of normoglycemic pregnant women, without PS-UI, whose 

PFM strength was equal to or greater than three during a bidigital palpation evaluation. 

Additional studies are necessary to further investigate this association and its short 

and long term impact on pregnant women. This will lead to improved preventive and 

therapeutic strategies in this population. 
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A experiência de ingressar no Mestrado foi essencial para a profissional que 

almejo ser. Adquiri muito conhecimento, novas experiências e parcerias que me 

estimularam a seguir em busca dos meus objetivos me dedicando a aumentar a 

qualidade de vida das mulheres. Tenho intenção de continuar me aperfeiçoando e 

colaborar para publicações futuras junto ao Diamater Study Group. Pretendo iniciar 

carreira como docente para que possa transmitir esse conhecimento adiante, além de 

trabalhar com atendimentos as mulheres com queixas de disfunções pélvicas. Desejo 

contribuir continuamente para área de Fisioterapia em saúde da mulher como 

pesquisadora.  

Sinto-me honrada em continuar a fazer parte do Diamater Study Group! 
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Anexo 1 – Participação em eventos internacionais 
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Anexo 2 – Concessão Bolsa Treinamento Técnico 
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Anexo 3- Concessão Bolsa CAPES 
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Anexo 4 – Artigos publicados 
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Anexo 5 – ISI e ICIQ-SF 
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Anexo 6 - Aprovação Comitê de Ética em Pesquisa 
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