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Abstract

Background: Pelvic floor muscles (PFM) and rectus abdominis muscles (RAM) of pregnant diabetic rats exhibit
atrophy, co-localization of fast and slow fibers and an increased collagen type I/III ratio. However, the role of similar
PFM or RAM hyperglycemic-related myopathy in women with gestational diabetes mellitus (GDM) remains poorly
investigated. This study aims to assess the frequency of pelvic floor muscle disorders and pregnancy-specific urinary
incontinence (PS-UI) 12 months after the Cesarean (C) section in women with GDM. Specifically, differences in PFM/
RAM hyperglycemic myopathy will be evaluated.

Methods: The Diamater is an ongoing cohort study of four groups of 59 pregnant women each from the Perinatal
Diabetes Research Centre (PDRC), Botucatu Medical School (FMB)-UNESP (São Paulo State University), Brazil.
Diagnosis of GDM and PS-UI will be made at 24–26 weeks, with a follow-up at 34–38 weeks of gestation. Inclusion
in the study will occur at the time of C-section, and patients will be followed at 24–48 h, 6 weeks and 6 and 12
months postpartum. Study groups will be classified as (1) GDM plus PS-UI; (2) GDM without PS-UI; (3) Non-GDM
plus PS-UI; and (4) Non-GDM without PS-UI. We will analyze relationships between GDM, PS-UI and hyperglycemic
myopathy at 12 months after C-section. The mediator variables to be evaluated include digital palpation, vaginal
squeeze pressure, 3D pelvic floor ultrasound, and 3D RAM ultrasound. RAM samples obtained during C-section will
be analyzed for ex-vivo contractility, morphological, molecular and OMICS profiles to further characterize the
hyperglycemic myopathy. Additional variables to be evaluated include maternal age, socioeconomic status,
educational level, ethnicity, body mass index, weight gain during pregnancy, quality of glycemic control and insulin
therapy.

Discussion: To our knowledge, this will be the first study to provide data on the prevalence of PS-UI and RAM and
PFM physical and biomolecular muscle profiles after C-section in mothers with GDM. The longitudinal design allows
for the assessment of cause-effect relationships between GDM, PS-UI, and PFMs and RAMs myopathy. The findings
may reveal previously undetermined consequences of GDM.

Keywords: Gestational diabetes mellitus, Hyperglycemic myopathy, Pelvic floor muscles, Rectus abdominis muscles,
Urinary incontinence, Proteomics, Collagen, Electromyography, Transmission electron microscopy
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Background
Gestational diabetes mellitus (GDM) and urinary incon-
tinence (UI) are two clinical entities with substantial so-
cial and economic burden, associated with significant
direct and indirect public health costs [1]. In addition,
they often affect women at a young age. A new emphasis
in the early diagnosis of GDM aims not only to prevent
perinatal morbidity and mortality but also to identify
potential long-term maternal complications [2]. In 2013,
382 million people had diabetes, and there is a strong
likelihood that this will rise to 592 million by 2035.
Brazil, a low-and-middle-income country, is one of the
top 10 countries in terms of numbers of diabetic people,
with projections of almost 19.2 million [3].
Beginning in 2008 [4] researchers reported that GDM

resulted in postpartum genitourinary dysfunction that
persisted for 2 years after delivery [5, 6]. Previous GDM
was shown to be an independent risk factor for Preg-
nancy Specific- Urinary Incontinence (PS-UI), a risk fac-
tor for UI two-years after the Cesarean (C) section. The
link between GDM and PS-UI with increased long-term
UI highlighted the potential under-explored contribution
of GDM to the mechanisms leading to long-term UI [5].
This was an unanticipated finding that was not included
in the classical definition of long-term GDM-related out-
comes [2]. Thus, to improve the quality of life in women

with GDM, it is imperative to understand the connec-
tion between GDM and PS-UI. Delineation of the
involved mechanism will lead to the development of
protocols to reduce long-term UI complications.
The conceptual model delineated by Delancey et al. in

the Lifespan Analysis of pelvic floor muscles (PFM) [7]
identified GDM as an inciting factor for long-term UI
[8]. GDM and long-term UI are two clinical entities with
a substantial economic and health impact, ethical con-
cerns related to the use of PFM biopsy material for
investigation have limited clinical investigation in this
area. Utilizing our expertise in diabetic pregnant rat
models [9–14], we initiated a “bedside to bench” transla-
tional study to obtain a deeper understanding of the
influence of GDM and pregnancy on urethral and rectal
myopathology. The conceptual model is shown in Fig. 1.

Relevance and uniqueness of our translational studies:
from “bedside to bench”
Presently, human studies are based on clinical findings
of a high incidence of UI 2 years after GDM. The role of
GDM in the pathophysiological development of UI
remains unclarified [15]. Investigations linking both en-
tities with the synergistic co-activity of the PFM and
RAM are insufficient [16]. Current clinical studies have
provided evidence for PFM involvement in the etiology

Fig. 1 Conceptual model of the role of integration between GDM, PS-UI and RAM-PFM myopathy as a new triad in determining the prevalence
of long-term maternal UI
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of PS-UI [17–20], including more recently, the contribu-
tion of extracellular matrix (ECM) components, such as
collagen [21] and glycosaminoglycans (GAGs) [22] to
female pelvic floor function.
Pregnancy itself alters the PFM, in preparation for par-

turition. Alperin et al. reported that adaptations during
pregnancy occur in the myofibers of rat PFMs, which
increase in length by the serial addition of sarcomeres
[23]. Although the biochemical alterations in PFM extra-
cellular matrix due to pregnancy include an increase in
collagen V and a differential response in enzymatic vs.
glycosylated collagen crosslinks, the relationships between
PFM biochemical and mechanical parameters remain
unclear [24].
In pregnant diabetic rats, our research group identified

thinning, atrophy, disorganization, and disruption in the
circular annulus associated with the co-localization of
fast and slow fibers. This was accompanied by a steady
decrease in the proportion of fast versus slow fibers (fast:
slow, 1.5:1) associated with increased collagen depos-
ition, severe fibrosis, lipid droplets, and numerous sub-
sarcolemmal, and intermyofibrillar mitochondria [25].
These characteristics differentiated the urethral striated
muscles of short-term severe diabetic pregnant rats and
long-term mild diabetic pregnant rats from virgin, preg-
nant and diabetic control groups [20]. The diabetic
models were obtained by streptozotocin injection, and
according to the dose and duration of the hyperglycemic
stimulus, they are classified as short-term severe diabetes
or long-term mild diabetes [25, 26]. The increase in col-
lagen and severe fibrosis may also affect the contractile
properties of the urethra [26, 27]. The ECM molecular
analyses of urethral components showed no difference in
type I and type III collagen expression levels in short-term
severe diabetic pregnant rats. However, the collagen type I
/III ratio was higher in the hyperglycemic pregnant rats
compared to the virgin group. The increased collagen type
I/III ratio can favour a stiffer urethral tissue leading to an
influence of hyperglycemia on the remodelling of urethral
connective tissue in pregnant diabetic rats [28, 29].
In conclusion, these experimental results demonstrated

that both long-term mild hyperglycemia and short-term
severe hyperglycemia negatively impacted the muscle
health in rats. RAM is subjected to similar structural
changes related to pregnant diabetic myopathy [25, 26, 28]
with intramuscular transformation and reorganization in
fiber types [30–32].
Liu et al. showed that diabetes-induced time-

dependent alterations of the external urethral sphinc-
ter and abnormal activity presumably contributes to
the abnormal voiding function seen in diabetes [33].
Obesity, insulin resistance, and type 2 diabetes mellitus
(T2DM) are associated with a significantly increased
prevalence of vascular fibrosis and stiffness [34].

Significance of the proposed study: the bench-bedside
proposal
Pregnant women with GDM are at increased risk of UI
[35]. However, the direct association between women
with GDM and PS-UI is undetermined. A few studies
have reported women with GDM to have a high preva-
lence of UI due to higher body mass index, obesity, and
macrosomia in their infants [36, 37]. Although the exact
mechanism remains unclear, excess weight gain during
pregnancy may exert pressure on the PFM, which in-
creases pressure on the bladder and influences urethral
mobility, leading to UI [38]. In addition, hyperglycemia
in women with GDM may cause polyuria or detrusor
instability. In a cross-sectional survey, Kim et al. [4] ex-
amined the prevalence of PS-UI among women who had
GDM during pregnancy, surveying 228 women, and
found that 49% of women had weekly or more frequent
incontinence during pregnancy, and 50% of the women
reported PS-UI within 5 years following delivery. A high
prevalence of obesity may have contributed to the ele-
vated rate of PS-UI during pregnancy and after delivery.
Obesity was present in 42% of women during pregnancy
and in 46% after delivery. Their conclusion was that PS-
UI was common among women with GDM.
Barbosa et al. [5] and Chuang et al. [6] determined

whether GDM was an independent risk factor for PS-UI
postpartum. They found that women with GDM exhib-
ited symptoms of PS-UI for up to 2 years postpartum in
comparison to women without GDM. They concluded
that GDM was an independent risk factor for UI post-
partum with a significant impact on the quality of life.
They also suggested that women with GDM should be
provided with timely consultation and support once UI
occurs.
Factors associated with PS-UI, before or at the time

of GDM diagnosis, have also been associated with UI
two-years post-C-section. Having GDM in a previous
pregnancy was an independent risk factor for PS-UI [5].
PS-UI is a new clinical entity linked to GDM with a dir-
ect or indirect relationship to hyperglycemic myopathy.
The possibility that it may represent the first clinical
symptom of PS-UI requires more investigation. Experi-
mental results on urethral muscles and RAM from
pregnant diabetic rats have revealed a variety of abnor-
malities in muscles involved in urinary continence. The
abnormalities in skeletal muscles and ECM in pregnant
diabetic rats provide a rationale for multidisciplinary
human in vivo research to investigate similar hypergly-
caemic myopathy in GDM skeletal muscles during C-
section. Brazil, a low-middle income country with a
high prevalence of GDM and T2DM has established a
Perinatal Diabetes Research Center (PDRC) at Botucatu
University Hospital. The Center provides the initial
GDM diagnosis and maintains strict glycemic control
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during pregnancy. The collection of muscle samples for
in-depth analysis of the connection between GDM his-
tory and PS-UI with long-term UI has not previously
been attempted.
Findings from GDM, PS-UI, and RAM/PFM muscle

tissue lesions will be integrated to predict long-term risk
for UI. Ethical approval was obtained to initiate RAM
sample collection during C-section at PDRC, due to suc-
cessful results on our combined clinical and experimen-
tal studies described above.

Potential mediators and moderators of GDM and UI
We seek to attempt to clarify the mechanisms that link
two highly prevalent illnesses that affect women’s health,
are associated with high health costs, and are expected
to increase in frequency.
Two procedures to evaluate underlying/influential fac-

tors are the mediator and moderator variables [39, 40].
The mediator model assumes that predictor variables
are responsible for changes in mediator variables, and
that mediator variables subsequently cause changes in
outcome variables [41]. The moderator model analyzes
qualitative or quantitative variables that affect the mag-
nitude of the relation between an independent and a
dependent variable [42].
Despite the established inter-relationship between DM

and UI and pregnancy and UI, the inter-relationships be-
tween GDM and long-term UI have rarely been studied
using a mediator or moderator model [39].
Furthermore, little information has been reported con-

cerning a positive correlation between GDM and long-
term UI [5, 35, 39, 42–45]. An outline of our proposed

analysis is described in Fig. 2. It has components similar
to prior investigations [40, 46].
The longitudinal assessment of the role of GDM plus

PS-UI on UI 12months after C-section using mediator
variables provides a foundation for optimizing future
treatment for individual women and under what circum-
stances [47, 48].

GDM plus PS-UI and clinical-biomolecular muscle profile
as a long-term predictor of UI
GDM during pregnancy and its association with PS-UI
and a specific PFM or RAM biomolecular muscle pro-
file constitute a new triad leading to long-term UI after
C-section. We hypothesize that UI 12 months after C-
section will be higher in women who developed GDM
plus PS-UI compared to women without these factors.
Our secondary hypotheses are: (1) GDM plus PS-UI is
an independent risk factor for UI development 12
months after C-section and (2) Hyperglycemic-related
myopathy parameters are potential mediators of the as-
sociation between GDM plus PS-UI and symptomatic
UI 12 months after C-section.
Therefore, we aim to quantify the clinical-biomolecular

muscle profile of PFM and RAM hyperglycemic myopathy
during pregnancy in GDM women with PS-UI as expos-
ure, on UI 12months after C-section and compare the
profile to that obtained from women who did not have
GDM or PS-UI. We include an analysis of the mediators
and moderator variables that are related to PFMD and UI
in this evaluation (Fig. 2).
The primary and secondary research questions to be

addressed in this research are:

Fig. 2 Potential confounders –Mediators and Moderators of Diamater study
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Primary question

➣ Is the incidence of UI 12 months after C-section
different in women who developed GDM plus PS-UI
compared to women without these conditions?

Secondary questions

➣ Does the presence of both GDM plus PS-UI modify
the risk of UI 12 months after C-section independently
of the moderator variables?
➣ Which mediator variables of hyperglycemic
myopathy are abnormal in women who developed
GDM and PS-UI compared to women without these
conditions?

Aim of the study

➣ To analyze moderators and mediators involved in
the relationship between GDM plus PS-UI and UI 12
months after C-section.
➣ To assess the association between GDM plus PS-UI
and clinical assessment of PFM and RAM by (1)
utilization of ultrasonographic, electromyographic and
morphological assays, (2) molecular analysis of muscle
fiber function, ECM-related genes and proteins, gene
and protein expression, (3) OMICS and (4) ex-vivo
assessment of RAM contractility. This will result in a
comprehensive characterization of the clinical-
biomolecular muscle profile of PFM and RAM
hyperglycemic myopathy.
➣ To determine the correlation between maternal age,
pre-pregnancy body mass index, nutritional parameters,
glycemic level, quality of glycemic control, insulin
therapy, and insulin dose with GDM plus PS-UI and UI
12 months after C-section.
➣ To examine the unidirectional relationship among
the triad GDM, PS-UI, and hyperglycemic myopathy in
UI 12 months after C-section compared with the
normal population (Normoglycemic without PS-UI and
without hyperglycemic myopathy).

Methods
Study area, design, and setting
The Diamater is an ongoing cohort prospective study of
GDM pregnant women with PSUI following C-section,
seen at the Perinatal Diabetes Research Center (PDRC), a
tertiary center for Diabetes Care in Brazil, from April 2017
to March 2022. PDRC is located in three different cities of
São Paulo State, including PDRC, FMB-UNESP, Botucatu,
Clinic of Children’s Hospital Maternal Risk Pregnancy,
Faculdade de Medicina de Marília (FAMEMA)-UNESP,
Marilia and Regional Hospital-UNESP of Assis.

Participants
Participants need to satisfy the following inclusion and
exclusion criteria.

Eligibility criteria
Inclusion criteria
Eligible participants are volunteer pregnant women with a
GDM diagnosis between 24 and 28 weeks of pregnancy
who have follow-up prenatal care at PDRC and C-section
delivery. Subjects will be primigravida or second gravida
women who underwent a planned C-section in their previ-
ous pregnancy, between 18 to 40 years old; with a singleton
pregnancy and seen between February 2017 and March
2022.

Exclusion criteria
Pregnant women aged < 18 years and > 40 years old,
pre-pregnancy UI, known type 1 or type 2 diabetes
mellitus, preterm delivery (< 37 weeks of gestation),
multiple pregnancies, chronic arterial hypertension,
pre-eclampsia, eclampsia, known fetal anomaly, uro-
genital cancer, high-risk pregnancy, multiple sclerosis,
asthma, chronic sinusitis, ulcerative colitis, biliary cir-
rhosis, inflammatory bowel disease and/or anorectal
surgery/ personal history of connective tissue disease,
vaginal delivery or any clinical condition that may have
jeopardized health status or the ability to provide writ-
ten informed consent.

Method of recruitment of participants
Participants will be recruited in two phases. The object-
ive of the first phase (Phase 1) is to identify normogly-
cemic or hyperglycemic pregnant women with or
without PS-UI. These women will be followed up until
delivery. The second phase (Phase 2) of the study will
begin at the time of delivery (C-section), and these
women will be followed for up to one-year postpartum.

Phase 1
Pregnant women will be recruited at the time of ante-
partum testing for GDM at 24 to 28 weeks gestation.
The study will be described, and the women will be
asked to volunteer and sign the informed consent form.
Socio-economic status information will be collected.
Clinical data and blood samples will be collected, ques-
tionnaires about UI will be applied, and clinical PFM
and RAM assessment will be performed. At 36 weeks of
pregnancy, another informed consent will be requested
to collect the RAM sample (during the C-section) for
OMICS, genetic, protein, and morphological analyses
(Additional file 1). The criteria for performing a C-
section will be established by the hospital staff. The
women will be included in phase 2 only if they have a
cesarean delivery for obstetrical or clinical indication.

Rudge et al. BMC Pregnancy and Childbirth          (2020) 20:117 Page 5 of 14



Phase 2
Women will be included in phase 2 cohort following C-
section delivery. The cohort groups for the primary out-
come will be established at this point. Prenatal care
assistance, including GDM diagnosis and treatment, as
well as the PS-UI diagnosis made at any time during
pregnancy, will be used in the composition of the four
study groups.

Follow-up
All recruited patients will be evaluated as follows: visit −
2- at 34 to 38 weeks gestational age (T2) and inclusion
in the C-section delivery cohort (beginning of phase 2).
After visit − 3-within 24 and 48 h postpartum (T3), visit
− 4- 6 weeks postpartum (T4), and 6 and 12months
postpartum (T5 and T6, respectively). Four cohorts will
be followed-up based on the results of GDM and PS-UI
diagnosis: (i) GDM plus PS-UI; (ii) GDM without PS-UI;
(iii) Non-GDM plus PS-UI and (iv) Non-GDM without
PS-UI.

Variables
GDM diagnosis
The diagnostic protocol for GDM is a 75-g oral glucose
tolerance test (OGTT) (Table 1) combined with the glycemic
profile in use at PDRC-UNESP-Brazil since 1984 [46] for
pregnant women without confirmed GDM or overt diabetes
in their first trimester of pregnancy. All hyperglycemic preg-
nant women will be classified as GDM.

Prenatal management of patients with GDM
All hyperglycemic pregnant women will undergo the same
treatment, including adequate nutritional advice from nu-
tritionists, encouragement to exercise regularly, and insu-
lin associated with dietary advice if necessary [46].

Diagnosis of UI and definition of PS-UI
For the primary outcome of the study, UI will be consid-
ered if there is any involuntary leakage of urine accord-
ing to the International Continence Society definition of
UI [49]. PS-UI is defined as any urinary leakage newly
onset during pregnancy ascertained by self-reporting
[50]. Participants will be asked whether before preg-
nancy they had leaked or lost control of even a small
amount of urine with activity such as coughing, lifting,
or exercise or if they experienced an urge or pressure to
urinate and could not go to the toilet fast enough (urge

UI). Pregnant women with PS-UI and/or urge UI before
pregnancy will be excluded from the study.
Pregnant women who reported PS-UI will be asked to

complete the Brazilian version of the International Consult-
ation on Incontinence Questionnaire-Urinary Incontinence-
Short Form (ICIQ-SF) [51]. The participants will also be
asked about the frequency and quantity of urinary leakage
to assess the validated Incontinence Severity Index (ISI).
The severity will be further graded depending on the fre-
quency of leakage (grade I: once a week at most; grade II:
two or more episodes per week, but not daily and grade III:
one or more episodes of leakage per day) according to ISI
questionnaire [52].

Assessment procedures and instrumentation
A comprehensive questionnaire was developed for
collecting information on the socio-demographic,
anthropometric, medical, and obstetrical history. A
Case Report Forms (CRF) will be established for
data collection of variables for the Diamater study
from all subjects. In summary, the databank in-
cludes patients’ identification, socio-economic status,
demographic characteristics, obstetric history, deliv-
ery and birth outcomes, perinatal complications,
neonatal morbidity, maternal postpartum follow-up
and all variables related to biochemical and molecular
analysis, functional and morphological assessments during
pregnancy and at 6 weeks and 6–12months after C-
section (Table 2). Additional information will be collected
to describe the study population. Several variables will be
assessed as confounders or effect modifiers of the relation-
ship between GDM and/or PSUI and intestinal microbiota
colonization and UI 12months after C-section. The par-
ticipant flow chart is shown in Fig. 3.

Moderator variables
The moderator variables to be included in the analysis
are maternal age, socio-economic status, educational
level, ethnicity, pre-pregnancy body mass index [53],
weight gain during the pregnancy [54], maternal nutri-
tional parameters, quality of glycemic control, glycemic
level during pregnancy and insulin therapy and dose.

Mediator variables
Clinical assessment of PFM and RAM, the RAM sample col-
lection and laboratory assays will be included in this analysis
to characterize the hyperglycemic myopathy. All specific
protocols for clinical assessment and laboratory analysis of
pelvic floor muscles and rectus abdominis muscle as medi-
ator variables are described in Additional file 1.

Predictor variables
GDM and PS-UI are considered as predictor variables.

Table 1 GDM diagnosis by 75 g-OGTT and glycemic profile

Fasting plasma glucose 5.1 mmol/L 92mg/dL

75 g-OGTT 1-h 10.0 mmol/L 180 mg/dL

2-h 8.5 mmol/L 153 mg/mL

Glycemic Profile Fasting plasma glucose 5.1 mmol/L 92mg/dL
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Table 2 Data collection questionnaire, clinical assessment and laboratory analysis of study participants

Pregnancy Delivery Post-partum

T1 T2 T3 T4 T5 T6

24-28th weeks 36-40th weeks C-Section 6 weeks 6 months 12 months

Socioeconomic status

Address/phone number/social media x x x – x x

Age x x x – x x

Occupation x x x – x x

Ethnicity x x x – x x

Religion x x x – x x

Marital status x x x – x x

Education level/background x x x – x x

Occupation x x x – x x

Smoking/drinking/illicit drug use x x x – x x

Clinical data

Infections, chronic diseases, family disease history,
smoking/drinking, comorbidities and surgeries

x x x – x x

Questionnaires

Diagnosis of PS-UI (ISI and ICIQ) x x – – – –

Diagnosis of UI (ISI and ICIQ) – – – x x x

Newborn data

Weight – – x – – –

Length – – x – – –

Ponderal index – – x – – –

Apgar score – – x – – –

Complications during gestation and/or delivery – – x – – –

Obstetrics data

Gestational age x x x – – –

Height x – – – – –

Pre-gestational weight x – – – – –

Current weight x x x x x x

Weight gain during pregnancy x x x – – –

Clinical complications during delivery – – x – – –

Biochemical, Molecular, Functional and Morphological
assessments

A) Laboratory assessments

Glucose, Cortisol, Insulin, PTH, Calcitonin,
Phosphorous, Potassium, Calcium, Sodium,
Magnesium, Vitamin A and Vitamin D

x x x x x x

B) Physical assessments

PFM

Digital palpation x x – x x x

US x x – x x x

EMG x x – x x x

RAM

US x x – x x x

EMG x x – x x x

C) RAM sampling RAM
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Table 2 Data collection questionnaire, clinical assessment and laboratory analysis of study participants (Continued)

Pregnancy Delivery Post-partum

T1 T2 T3 T4 T5 T6

24-28th weeks 36-40th weeks C-Section 6 weeks 6 months 12 months

OMICS (Transcriptomics, Metabolomics, and
Proteomics)

– – x – – –

Expression of muscle fibers and EM-related
genes and proteins

– – x – – –

Ex-vivo contractility – – x – – –

Morphological analysis – – x – – –

Fig. 3 Phases and Follow-up timelines of the proposed protocol
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Outcome variables
PFM and UI 12months after C-section are considered
the outcome variables. The PFM and RAM analysis will
be considered as mediator variables in this interrelation-
ship. The common procedure for this is to apply statis-
tical methods on production data to establish the
interrelationship. The detailed procedure is described in
Additional file 1.

Data measurement
Digital palpation and vaginal squeeze pressure
For the digital vaginal evaluation, the examiner will fol-
low the Messelink et al. orientation [55]. A perineometer
value higher than 33.6 mmHg will be considered as nor-
mal based on our previous nulliparous women study [5].

3D pelvic floor ultrasound (PFUS)
Levator function will be assessed using the modified Oxford
grading of muscle strength scoring system [56]. Transperi-
neal ultrasonographic assessment biometry of PFM and
RAM data will be collected, including anteroposterior
diameter, transversal diameter, Hiatal area, and levator ani
muscle thickness, at rest, contraction and Valsalva maneu-
ver. AGE Voluson “i” system with RAB 2–6 RS (2–6MHz)
curved array three-dimensional transducer (GE Healthcare,
Zipf, Austria) with an 8–4MHz curved-array volume trans-
ducer at an acquisition angle of 70° in the sagittal plane and
85° in the coronal plane (frame rate is approximate 3Hz)
will be used [57, 58].

3D RAM ultrasound protocol
First, the transducer will be placed above the umbilicus.
It will then be moved laterally from the midline until the
cross-section of the muscle will center on the image
[59]. Ultrasound images will be acquired in the B-mode
using a portable ultrasound unit, the GE Voluson “i” sys-
tem with a RAB 2–6 RS (2–6MHz) curved array three-
dimensional transducer (GE Healthcare, Zipf, Austria)
[59]. The thickness of the lateral abdominal muscles will
be assessed at rest and during submaximal contraction
of these muscles, bilaterally analyzing 36 images for each
participant [60]. The anatomic and functional evaluation
will be conducted in the lower right portion of RAM in
a transversal direction along the muscle [56]. Before RAM
image acquisition under PFM contraction, the patient will
undergo a PFM function test according to the Inter-
national Continence Society [55] to avoid bias during US
evaluation, and to analyze its function subjectively.

Electromyography
Surface electromyograms (EMGs) will be recorded using
an eight-channel electromyography (EMG) device (New
MiotoolUro Wireless; Porto Alegre, Brazil), 16-bit A/D
converter, a sampling frequency rate fixed at 2000 Hz,

automatic gain, safety isolation for 3000 V and common
moderate (CMRR) of 126 dB. The signal will be filtered
using a 20–500 Hz dual-pass Butterworth second-order
digital filter. The preparation of the skin, sensor place-
ment, and location preparation will be acquired according
to the recommendation of the Surface Electromyography
for the Non-Invasive Assessment of Muscles (SENIAM).
Modified Glazer protocol will be used to verify muscle ac-
tivity during rest-activity and fast and hold contractions.
These protocols will be used twice, one only asking to in-
crease abdominal pressure without conscious contraction
of the pelvic floor and the second time only performing
pelvic floor contractions.

Laboratory data of maternal blood collection and analysis
for biochemical analysis
Serum levels of relaxin, insulin, glucose, chemokine (C-C
motif) ligand 7 (CCL7), calcium, calcitonin, parathyroid
hormone (PTH), and vitamin D in maternal blood will be
determined. The serum aliquots will be stored at − 80 °C
for further batch processing according to the specific assay
kit (relaxin: R & D Systems Catalog Number DRL200; In-
sulin: R&D Systems Catalog Number DINS00; and CCL7;
R&D Systems Catalog Number DCC700). The total cal-
cium levels (Catalog No. 448), calcitonin and PTH levels
by the chemiluminescence method, vitamin D by high-
performance liquid chromatography (HPLC) by following
the procedures of processing and analysis of the manufac-
turer’s manual.

RAM sample collection, storage, and laboratory assays
RAM sample collection
RAM samples will be collected according to a specific
protocol. Morphological characterization, molecular ana-
lysis of muscle fiber function, ECM-related genes and
proteins, gene and protein expression, OMICS, and ex-
vivo assessment of RAM contractility will be performed
according to specific protocols to characterize the hyper-
glycemic myopathy.
A biological sample of RAM from the region of a

transverse Pfannenstiel incision will be obtained during
C-section. RAMs are of mixed muscle fiber type [61, 62].
A 4 cm RAM tissue will be sampled in the lower portion.
Dissections of skeletal muscle will be obtained within 10
min of delivery, dissected free from visible adipose and
connective tissues, immediately divided into six frag-
ments and stored according to different assays for fur-
ther analysis.

Morphological assays
Part of the RAM will be harvested, powdered with tal-
cum, frozen in liquid nitrogen and maintained at − 80 °C
until processed by histochemical and immunohisto-
chemical techniques for morphometric analysis and, to
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analyze the distribution, quantification, and characterization
of key structural ECM components, such as type I and III
collagens, the collagen type I/III ratio and GAGs. It will be
examined via light microscopy and photographed. The mor-
phometric analyses will be performed with Image-Pro Plus
software (Version 7.0, Media Cybernetics, Silver Spring,
MD) at Case Western Reserve University (OH). The propor-
tions of RAM that fit each of the following types will be
recorded: striated muscle, collagen, and blood vessel. Other
samples (three samples/group) will be immersed in a fixative
solution containing 0.1% ruthenium red, 3% glutaraldehyde,
and 0.1M cacodylate buffer for 12 h at 4 °C before transmis-
sion electron microscopy for ultrastructural analysis.

Sample size
It is not possible to calculate the sample size for Phase 1
of the recruitment. All eligible pregnant women will be
invited to be included in this phase. Considering that the
incidence of UI was higher at 24-months in GDM-
positive C-section post-partum women (44.8%) as com-
pared with women without GDM (18.4%) [5], assuming
a two-sided confidence level of 95% and power of 80%, it
will be necessary to follow-up 49 C-section post-partum
women in each purposed cohort to identify at least a
22% difference between them. Considering a 20% loss in
follow-up, we will include 59 women in each cohort,
which means that 236 women will be included in this
research.

Statistical analysis
The mediator models assume that the predictor variable
causes changes in the mediator variable, and the medi-
ator variable then causes changes in the outcome vari-
able. Mediation analysis will be conducted to evaluate
whether the effect of GDM plus PS-UI on long-term UI
is mediated through alteration in levels of all assessed
parameters. The patient flow will be summarised using a
diagram while social-demographic and obstetrics base-
line characteristics will be reported as mean and stand-
ard deviation for continuous variables and count for
categorical variables.
Multivariate logistic regression analyses will be con-

ducted to identify the mediator variables and the out-
come (UI 12-month C-section post-partum) that will be
changed by the predictor variable (GDM plus PS-UI) as
an independent variable after adjusting for confounders.
Clinically important covariates will be investigated as po-
tential confounders whenever appropriate for each out-
come. There is likely to be missing data that will likely
with the duration of the follow-up. The multiple imputa-
tions will be used to handle missing data [63]. Results
will be expressed as odds ratio [OR], 95% confidence in-
tervals and associated p-values. For all tests, the level of
significance will be set at a p-value < 0.05. Assessment of

the functional, morphological, biochemical, and molecu-
lar mediator variables are presented in Table 3.

Patient and public involvement
The development of the research questions and outcome
measures was performed based on previously published
clinical research and from our prior translational studies.
Patients and the public will not be involved in the study
design, recruitment, and the conduct of the study. The
patients involved in this study are those admitted to the
University Hospital-Botucatu Medical School-UNESP.
After completion of the data analysis, we plan to intro-
duce the results into our routine practice of long-term
follow-up care. We are also planning to translate the re-
sults into short and easy-to-read summaries to dissemin-
ate it to the relevant patient community groups through
local media.

Ethics and dissemination
The Institutional Review Board of Botucatu Medical
School-UNESP (CAAE: 82225617.0.0000.5411) approved
the Diamater study protocol. Written informed consent
will be obtained from all subjects, and the procedures
used in the study are in accordance with the guidelines
of the Helsinki Declaration on human experimentation.
The patients will be exposed to only low risk during

the study. The participants’ information will be stored
electronically or in a locked file in the project office. The
documentation of research data and management of the
study will follow the Guideline for Good Clinical Prac-
tice in collecting, storing, and processing data anonym-
ously [50]. All samples will be managed and stored in a
specific biorepository for the research and results dis-
seminated in peer-reviewed journals.

The potential benefit to subjects
While there is no direct benefit to subjects, being asked
about their health status in the first year postpartum by
a member of the research team every 3 months may
raise the mother’s awareness of her health and that of
her newborn. At PDRC, during the follow-up period, a
nutritional assessment and exercise programs will be of-
fered as well as long-term health education and promo-
tion that is crucial to effectively control GDM and UI.
This is particularly important for pregnant women in a
low and middle –income country like Brazil.
The study team will also focus on expanding the num-

ber of new researchers through mentorship and supervi-
sion. A longitudinal study, such as the Diamater study
protocol offers undergraduate, masters, Ph.D and post-
doctoral students a special environment to gain experi-
ence with longitudinal data sets. Based on this premise,
scholarships for these students are included in the finan-
cial support to Diamater study from our state and national
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research agencies. This prospective study is intended to
create and reinforce national and international cooper-
ation, as well as to attract international postdoctoral stu-
dents and provide new biomarkers that will improve the
ability to identify risk factors in GDM women more
accurately.

Ethics and dissemination
The primary investigator has extensive training and ex-
perience in clinical research and relevant bioethics. The
research staff will include a team of primary researchers
that have extensive qualifications and expertise to effect-
ively perform the study. All study staffs are trained and
routinely re-educated about the ethical conduct of hu-
man subject research. There are no anticipated physical,

social, legal, or economic risks associated with the study.
There is minimal risk of breach of confidentiality. There
are no vulnerable populations that are specifically tar-
geted in this study. The findings of this study will be dis-
seminated through peer-reviewed international and
national journals, conferences, and seminars.

Discussion
This study will provide new information to the limited
longitudinal data currently available on factors contrib-
uting to long-term UI after GDM exposure. It will delin-
eate multiple factors that may help to understand the
performance of potential moderator and mediator vari-
ables necessary to establish a strategic plan to minimize
the underlying mechanisms responsible for increased

Table 3 Statistical tools will be used for the study

Variables Statistical methods

Clinical data

Incidence of UI 12-month post-partum Categorical Multivariate analysis, odds ratio and 95%
of the Confidence interval

ISI Questionnaire Categorical Chi-square test with corrections

PFM: Vaginal muscle contraction pressure;
digital vaginal evaluation and US

Categorical Chi-square test with corrections

RAM: US and Electromyography Categorical Chi-square test with corrections

Laboratorial data

Comparison of serum concentration of CCL7;
relaxin; calcium; parathyroid hormone;
calcitonin; Vitamin D and Insulin

Continuous Repeated Measures t-test or one-way
analysis of variance (ANOVA) and Area
under the curve

Laboratory assays of RAM sample

Morphological assay Pathological,
morphometric, immunohistochemical
and ultrastructural

Continuous ANOVA followed by Tukey’s multiple
comparison tests for the normally
distributed variables

Categorical Chi-square test with corrections

Gene expression (PCR arrays®) Continuous ANOVA followed by Tukey’s multiple
comparison tests for the normally
distributed variables

Protein expression (Western blot) Continuous Student’s t-test and comparison of multiple
means used an ANOVA with a Tukey
post-test to compare two variables where
applicable

Transcriptomics, Metabolomics and Proteomics – Previously described in the text

Ex-vivo assessment of RAM Contractility Continuous Student’s t-test and comparison of multiple
means used an ANOVA with a Tukey
post-test to compare two variables where
applicable

OMICS statistical analysis
For transcriptomics, the bioinformatics analysis will be done using the software fastqc63, FASTQ Quality Filter, FASTA/Q Clipper to identify and remove the low-
quality adapters and reads. The RNA reads will be aligned to the reference sequences using the TopHat2 and Bowtie2 software. The relative gene expression will
be quantified by Deseq algorithm, evaluated in Bioconductor/R64 packages. Genes/sequences with padj< 0.05 and log2 fold change > 2 or < −2 will be considered
for subsequent analysis
The multivariate analyses of the M-NMR data will be carried out by PCA (Principal Component Analysis) or multivariate methods of supervised statistics (PLS or
OPLS), aiming to build models for Brazil of the samples and thus Extract metabolic signatures from specific groups [64]. The calculations will be made by written
(homemade) programs by our research group using the MATLAB platform (MathWorks, USA). The scoring and loading charts of the PCA analysis will be used for
the display of the data. In the score graph, each point represents an NMR spectrum (i.e. a sample) for one of the main components, and the loading graph
visualizes the contribution of key metabolites (statistically significant variables) to the Main component. The PCA method will be applied initially to the complete
set of data, 11 to which this realization a form of unsupervised analysis. Then the multivariate supervised methods (PLS or OPLS) will be employed with a prior
differentiation of the sampling groups
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risk of long-term UI in GDM mothers. An enhanced un-
derstanding of the impact of modifiable risk factors can
lead to protocols to reduce the rates of UI and associated
health care costs, improve the quality of life of affected
women and contribute to the global eradication of UI after
GDM exposure. It will also enable clinicians to deal more
effectively with individual women after their pregnancy
and facilitate the transition of the Brazilian Health System
from a curative to a preventive strategy [65].

Conclusion
In conclusion, Diamater is an ongoing study recruiting
GDM pregnant women at a prenatal care outpatient clinic
to investigate the relationship between GDM plus PS-UI
with the occurrence of symptomatic UI plus PFMD 1 year
after C-section and assess whether this relation can be ex-
plained by hyperglycaemic myopathy. It offers the unique
opportunity to establish well-powered biomarker research
in a new triad composed of GDM+PS-UI+ hyperglycemic
myopathy as a predictor of long-term UI and PFMD. This
approach allows for future innovative treatment proposals.

Supplementary information
Supplementary information accompanies this paper at https://doi.org/10.
1186/s12884-020-2749-x.

Additional file 1. Specific protocols for clinical assessment and
laboratory analysis of PFM and RAM.
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