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P. Barbosa1,2☯

1 Department of Gynecology and Obstetrics, Botucatu Medical School, São Paulo State University (Unesp),

Universidade Estadual Paulista (UNESP), Botucatu, São Paulo, Brazil, 2 Department of Physiotherapy and

Occupational Therapy, School of Philosophy and Sciences, São Paulo State University (Unesp),

Universidade Estadual Paulista (UNESP), Marilia, São Paulo, Brazil, 3 Gynecology Department, Charité

University Hospital, Berlin, Germany

☯ These authors contributed equally to this work.

‡ These authors also contributed equally to this work.

* caroline_baldini@hotmail.com

Abstract

Background and objective

Pelvic floor muscles are involved in postural stability, in maintenance intra-abdominal

pressure, and on mechanical support for pelvic organ. Gestational Diabetes Mellitus’

(GDM) pregnancies complicated by fetal macrosomia, large placenta and polyhydram-

nios contribute for abrupt and intense increase in maternal intra-abdominal pressure. Our

objective was analyze the impact of GDM on pelvic floor muscle (PFM) electromyography

(EMG) activity progress from 24–30 to 36–38 weeks of gestation. We conducted a pro-

spective cohort study. PFM EMG was performed in nulliparous or primiparous women

with one previous elective cesarean delivery and with or not GDM diagnosed by the

American Diabetes Association criteria. A careful explanation of the muscle anatomy and

functionality of the PFM was given before EMG assessment. The outcome measures

were PFM recruitment and progress from 24–30 to 36–38 weeks of gestation analyzed by

the normalized root mean square (RMS) during rest-activity, fast and hold pelvic floor

muscle contraction.

Results

Fifty-two pregnant women were assigned to 2 groups: the GDM (n = 26) and normoglycemic

(NG) (n = 26). The demographic and obstetric data showed homogeneity between the

groups. PFM activity progress was decreased in rest-activity (P = 0.042) and hold contrac-

tion (P = 0.044) at 36–38 weeks of gestation in the GDM group relative to that in the NG

group.
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Conclusion

GDM group showed a progressive decrease in EMG-PFM activity during rest-activity and

hold contractions from 24–30 to 36–38 weeks of gestation.

Introduction

Maternal risk and perinatal outcome are widely researched during pregnancy complicated by

hyperglycemic disorders. [1,2] Nevertheless, another relevant and less investigated aspect

involved in hyperglycemic pregnancies is the urinary disorders that remaining unanswered.

Few studies have been published about the gestational diabetes mellitus (GDM) influence on

pelvic floor muscles (PFM) function, although there are evidences that GDM during preg-

nancy was responsible to increase urinary incontinence (UI) rates and to decrease PFM

squeeze pressure even 2 years after C-section. [3,4] Clinical evidence crossing UI, GDM and

pelvic floor muscle dysfunction (PFMD) supported experimental studies to investigate possible

pathological changes on muscular tissues and rats was choose because the striated urethral

muscle distribution and neuroanatomy are similar to human.

Changes in urethral striated muscles in severe diabetes and mild diabetic pregnant rats have

demonstrated atrophy, thinning, disorganization, rupture of muscle fibers, and loss of specific

fiber types from normal anatomical locations, all of which are characteristics of diabetic myop-

athy.[5,6] Further changes in the distribution of the extracellular matrix, such as increased

interstitial collagen, lipids, and mitochondria, have been observed in striated muscle.[5,6] Fur-

thermore, metabolic defects of substrates involved in adenosine triphosphate (ATP) forma-

tion, protein turnover, lipolysis, and lipogenesis, such as neural lesions,[7–9] was described in

GDM. [10,11]

Therefore, to confirm experimental findings in clinical studies, methodological and ethical

concerns might be faced because PFM biopsy is required during delivery. In humans, EMG is

an indirect tool to verify neuromuscular integrity therefore it is a methodological solution to

access possible neural and muscular disorders caused by GDM. [12] It is a tool adopted in

studies with no-pregnancy hyperglycemic disturbance to evaluate PFM function and allowed

to detect motor control disturb and PFM function decrement.[13]

This present clinical research was based on findings from previous experimental results and

now in a "bench to bedside" step of translational approach, intends to clarify the relationship

of PFM function and GDM pregnancy. This is the first study to evaluate the influence of GDM

during pregnancy on PFM recruitment and its progression from second to third trimester.

[14,15] Therefore, the research question for this prospective cohort study was:

Does gestational diabetes mellitus (GMD) alter the pelvic floor muscle recruitment progres-

sion from 24–30 to 36–38 weeks of gestation in pregnant women?

Method

Design

This prospective cohort study was approved by the Institutional Ethical Committee of Botu-

catu Medical School of São Paulo State University (Protocol Number 972.104). The protocol

was explained to voluntary participants. They were informed that they could withdraw their

consent at any time during cohort. After learning all procedures, all subjects provided a written
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consent to the study. The Helsinki Declaration on human experimentation guidelines was

respected.

Participants, therapists, centres

All participants followed the conventional prenatal protocol of the Brazilian health system at

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

between 2015 and 2016. A single trained physiotherapist with 4 years of experience in PFM

evaluation performed the physical examination. The threshold to compose the study groups

was the 75g oral glucose tolerance test (OGTT). All pregnant women in screening and diag-

nostic phase at 24–30 weeks of gestation underwent OGTT. According to ADA criteria(2015),

[3] pregnant who underwent fasting�92 mg/dL or 1 hour�180 mg/dL or 2 hours�153 mg/

dL were allocated to the GDM group. The participants who had lower values assigned the nor-

moglycemic group (NG). The inclusion criteria were: pregnant women between 24–30 weeks

of gestation; singleton pregnancy; 18–40 years of age; they had to be able to contract PFM,

have not previously or during pregnancy performed PFM training or any additional musculo-

skeletal PFM treatment. The exclusion criteria were clinical diabetes (type I or II or overt dia-

betes in previous pregnancy), urinary incontinence, >2 pregnancies, previous prolapse or

incontinence surgery, no understanding of the command to contract PFM, neurological dis-

eases, diagnosis of genital prolapse, cervical isthmus incompetence, smoking, participants who

withdraw their consent during cohort, preterm birth and abortion.

Concerning glycemic control, following a diagnosis of GDM, all pregnant women from

GDM group have received information from the health team noting that the normalization of

maternal glucose was essential to maternal and fetal health as well as of short and long-term

effects on the mother’s health and of her offspring. Blood glucose control was performed by

Glucose Meter and GDM group included women who presented strict glycemic control after

GDM diagnosis. [2]

Sample size estimation

Sample size was obtained by G�Power software using values of hold contraction at 36–38

weeks of gestation from our previous pilot study. Determining a sample effect of 0.846, two-

sided α of 0.05, and a power of 80%, 23 pregnant women in each group were required in order

to detect differences.

Intervention

Pregnant women who agreed to participate were contacted and invited at 24–30 weeks of ges-

tation and rescheduled at 36–38 weeks of gestation to repeat the same initial procedures. Data

collected from hospital records were confirmed by the patient, and body mass index (BMI)

was measured at both time points (calculated as weight [kg]/height2 [m]).

Bladder emptying was requested. Participants were examined in the supine position with

their lower limbs flexed with feet on the stretcher, and information about the anatomical posi-

tion and possible movement of the PFM was obtained to avoid the use of adductor and/or glu-

teus, hip movements or expulsive movements. To be considered correct the PFM contraction,

a vaginal palpation was performed, and a PFM contraction was requested by giving the verbal

instruction “squeeze the vaginal muscle and hold as if you were holding urine.” The contrac-

tion was considered to be correct if the examiner felt an inward pressure and/or upward trac-

tion in palpation. The participants had 3 chances to perform maximal voluntary contraction (1

second to contract and relax afterwards) and 3 chances to perform hold contractions (1 to 10

seconds holding and relaxing), respectively, simulating the steps of the EMG test performed
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later on. Contraction of the adductor, gluteus, hip movements, and expulsion movements was

discouraged and rectified.[16,17] Five minutes of resting was performed before EMG.

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 differ-

ential sensor with ring connection and 100 times gain. A water-soluble gel was used to intro-

duce the probe into the vaginal canal. Skin was prepared by using a 70% ethanol solution to fix

the reference electrode on the ulna’s styloid process.[18,19]

For the EMG recordings, modified Glazer protocol was used to verify muscle activity dur-

ing rest-activity, fast and hold contractions.[20,21] The sequence consisted of 3 segments: 1) to

assess lower basal activity of PFM a 60 second preliminary resting baseline was defined as the

rest-activity; 2) five fast contractions or “flicks,” each preceded by a 10 second rest period,

were defined as fast contractions; and 3) five repetitions of 10 second contractions, each con-

traction preceded by a 10 second rest period, were defined as hold contractions (Fig 1). [20,21]

Women were instructed about the sequence and need to contract the PFM immediately when

verbally instructed by the researcher. The same evaluation sequence was performed for all

participants.

Outcome measures

Primary outcome. PFM recruitment and progress from 24–30 to 36–38 weeks of gesta-

tion analyzed by the normalized root mean square (RMS) during rest-activity, fast and hold

pelvic floor muscle contractions.

Secondary outcome. Clinical data related to parity, presence of previous diseases, age,

gestational week, and glycemic levels of pregnant women receiving prenatal care in the public

health care system were obtained from hospital records.

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 and five hold contractions,

Fig 1. Modified Glazer Protocol plots showing rest activity and fast and hold contraction.

https://doi.org/10.1371/journal.pone.0223261.g001
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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 to determine a mean single value for

each contraction type (Fig 2).[22] To normalize the EMG recruitment signal, we used the max-

imal fast contraction amplitude (RMS) chosen from among the 5 fast contraction values at 24–

30 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 contrac-

tion). [22]

Fig 2. Hanning window procedure for rest activity and fast and hold contractions.

https://doi.org/10.1371/journal.pone.0223261.g002
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Statistical methods

The Chi-square test or Fisher’s exact test was applied for nominal data. Non-parametric tests

were used; The Wilcoxon test was used to compare matched samples. The Mann–Whitney U

test was applied to compare progress of PFM activity between groups. Delta calculation was

performed between 24–30 weeks of gestation and 36–38 weeks of gestation (Δ = 36/38−24/30

weeks of pregnancy) to evaluate the changes this cohort two points and we called “progress” of

PFM activity. The delta values of GDM and NG groups were compared. Quantile regression

was used to examine the impact of GDM presence on progress of rest-activity, fast and hold

contration from 28–30 to 36–38 weeks of gestation. P values < 0.05 were considered as indi-

cating statistical significance.

Results

Flow of participants, therapists, centres through the study

The flow chart in Fig 3 illustrates the number of women examined at each time point and the

reasons for dropout. Amongst all included participants (n = 92) initially allocated, 56 women

were in normoglycemic group and 41 in GDM group. Of the 56 normoglycemic women evalu-

ated at 24–30 weeks of gestation, 26 were evaluated at 36–38 weeks of gestation. From 41

GDM women evaluated at 24–30 weeks of gestation, 26 were assessed at 36–38 weeks of

gestation.

Table 1 shows that maternal age was paired between groups. Concerning that the window

to PFM assessment was anytime between 24 to 30 weeks of gestation and to reassessment was

36 to 38 weeks of gestation, both groups showed similar gestational ages in two moments of

the study. With respect to BMI, both groups showed similar characteristics during cohort

study. The parity and modality of previous delivery were collected and similar percentages of

C-section delivery was similar in both groups. Concerning the glucose tolerance test values,

the main changes occur at fasting and 1 and 2 hours after OGTT, as expected. These

Fig 3. Flow diagram of GDM women’s screening, diagnosis, enrollment and follow-up analysis.

https://doi.org/10.1371/journal.pone.0223261.g003
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similarities guarantee sample homogeneity. Table 2 shows a transversal analysis between

groups at 24–30 and 36–38 weeks of gestation, and demonstrates no differences between

groups.

The normalized RMS values of PFM activity are shown in Table 3 demonstrates the delta

changes from 24–30 to 36–38 weeks of gestation between groups called progress. Intragroup

differences are present only in GDM group. GDM group decreases rest-activity from 0,24 at

24–30 weeks of gestation to 0,19 at 36–38 weeks of gestation (P = 0.041); the same occurs with

the PFM recruitment in hold contraction 0,57 at 24–30 weeks of gestation versus 0,41 at 36–38

weeks of gestation (P = 0.049), although no differences during fast contractions were detected

in GDM. Related to the progress of PFM activity between groups from 24–30 to 36–38 weeks

of gestation, the results showed that GDM decreases PFM activity at rest and hold contractions

instead of NG group maintaining the PFM activity. There was decrease in rest activity in

Table 1. Baseline characteristics of ND and DMG group.

Variables ND (n = 26) GDM (n = 26) P�

Median (Min,Max) Median (Min,Max)

Age (years)1 29 (19,39) 29 (18,40) .826
Gestational age median at 24–301 27 (24,29) 27 (24,30) .477
Gestational Age median at 36–382 37 (36,38) 36 (36,38) .170
BMI3 (kg/m2) at 24–301 27.1 (21.2,32.9) 27.9 (20.4,38) .297
BMI3 (kg/m2) at 36–382 28.6 (22.4,34.1) 29.1 (22.5,39.4) .510
Prior cesarean delivery1 7 (27%) 10 (23%) .749
Fasting OGTT—(mg/dL) 75.5 (64,86) 86.5 (69,124) < .001
1 hour OGTT 115 (72,149) 137 (82,211) .002
2 hour OGTT 103.5 (69,143) 144 (72,182) < .001

Data are the median (minimum, maximum) range or n (%)
1 evaluation at 24–30 weeks of gestation
2 evaluation at 36–38 weeks of gestation
3 BMI, body mass index.
4 OGTT, 75 g Oral Glucose Tolerance Test.

https://doi.org/10.1371/journal.pone.0223261.t001

Table 2. Comparison between normalized root mean square (RMS) values from electromyography activity of pel-

vic floor muscles (PFM) in rest, fast contraction, and hold contraction from non-diabetic (ND) and gestational

diabetes mellitus (GDM) groups at 24–30 and 36–38 weeks of gestation.

Variables ND (n = 26) GDM (n = 26) P�

Median (Min,Max) Median (Min,Max)

24–30 weeks of gestation

Rest-activity1 0.23 (0.04,0.89) 0.24 (0.10,–0.84) .784
Fast contraction1 0.66 (0.08,−1.89) 0.60 (0.21,0.99) .464
Hold contraction1 0.70 (0.07,2.16) 0.57 (0.14,5.85) .884
36–38 weeks of gestation

Rest-activity2 0.29 (0.05,1.66) 0.19 (0.02,0.93) .092
Fast contraction2 0.64 (0.10,2.05) 0.44 (0.12,2.52) .305
Hold contraction2 0.70 (0.1,3.10) 0.41 (0.12,5.42) .213

Data are the median (minimum, maximum) range.
1 evaluation at 24–30 weeks of gestation
2 evaluation at 36–38 weeks of gestation.

https://doi.org/10.1371/journal.pone.0223261.t002
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GDM group around -6% from 24–30 to 36–38 weeks of gestation, while in NG group there

was an increase of 1% between gestational ages (P = 0,004). The outcome measures were PFM

recruitment during 24–30 and 36–38 weeks of gestation analyzed by the normalized root

mean square (RMS) during rest-activity, fast and hold pelvic floor muscle contraction. Con-

cerning fast contractions, no significant difference was detect, nevertheless the data behavior

follows the tendency to decrease PFM activity in DMG and increase in NG (P = 0.194). In

hold contractions, GDM group decreases PFM activity -6% whereas NG group maintain and

even increase 4% PFM activity between two points.

According to regression analyses presented in Table 4, GDM group when compared to NG

group during rest-activity progress presented a β = -0.074 (IC 95%: -0.115; -0.033) and GDM

presence explain 6% of the model (r2 = 0.069). The same characteristics occurred in hold con-

traction progress the GMD group showed a β = -0.386 (IC 95%: -0.726; -0.046) when com-

pared to NG group and the proposed model was able to explain 7% of the event. These data

help us to identify GDM association with the decrement of rest activity and hold contraction

from to 24–30 to 36–38 weeks of gestation.

The EMG results presented before were performed by normalization process due to it is a

gold standard to compare individuals. Although, Fig 4 illustrate the EMG RMS characteristics

from 24–28 to 36–38 weeks of gestation of 3 different participants from each group to offer an

overview of no normalized data in a qualitative analyses.

Discussion

We set out to investigate and compare PFM activity in GDM women at two different gesta-

tional ages and thereby clarify the progression from 24–30 to 36–40 weeks of gestation. We

found significant changes in PFM recruitment during rest-activity and hold contraction in

Table 3. Progress and analysis intragroup of normalized Root Mean Square (RMS) Values From Electromyography Activity of Pelvic Floor Muscles (PFM) in Rest,

Fast Contraction and Hold Contraction of the non-diabetic (ND) and Gestational Diabetes Mellitus (GDM) at 24–30 and 36–38 weeks of gestation.

24–30 WG 36–38 WG P� Progress��� P��

Rest Activity GDM (26) 0.24 (0.10,–0.84) 0.19 (0.02,0.93) .041 −0.06 (−0.45,0.12) .042
ND (26) 0.23 (0.04,0.89) 0.29 (0.05,1.66) .104 0.01 (−0.13,0.78)

Fast Contraction GDM (26) 0.60 (0.21,0.99) 0.44 (0.12,2.52) .304 −0.06 (−0.43,1.52) .534
ND (26) 0.66 (0.08,−1.89) 0.64 (0.10,2.05) .751 0.02 (−0.33,1.06)

Hold Contraction GDM (26) 0.57 (0.14,5.85) 0.41 (0.12,5.42) .049 −0.06 (−3.47,0.53) .044
ND (26) 0.70 (0.07,2.16) 0.70 (0.1,3.10) .571 0.04 (−0.43,1.46)

WG = weeks of gestation; Data are the median (minimum, maximum) range.

� Analyses intragroup from 24–30 to 36–38 weeks of gestation

�� Progress from 24–30 to 36–38 weeks of gestation

���Progress = (36/38–24/30 weeks of pregnancy).

https://doi.org/10.1371/journal.pone.0223261.t003

Table 4. Quantile regression of PFM recruitment progress from 24–30 to 36–38 weeks gestation during rest-activ-

ity, fast and hold contractions.

Variables β 95% C.I. P r2

Rest Activity Progress� -0.074 -0.115; -0.033 0.001 0.069

Fast Contraction Progress� -0.023 -0.223; 0.176 0.815 0.004

Hold Contraction Progress� -0.386 -0.726; -0.046 0.027 0.076

�Progress = (36/38–24/30 weeks of pregnancy). CI = confidence interval.

https://doi.org/10.1371/journal.pone.0223261.t004
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GDM group who decreased function from 24–30 to 36–38 weeks of. This recruitment behavior

and the homogeneity of baseline characteristics (Table 1) may suggest that GDM contributes

for changes on PFM activity during rest and hold contraction from second to third trimester.

PFM rest-activity and hold contractions are important as these muscles are involved in pos-

tural stability, in maintenance of intra-abdominal pressure, and for mechanical support of the

pelvic organ.[23] Pregnancy is associated with a progressive rise in intra-abdominal pressure

and GDM pregnancies complicated by fetal macrosomia contribute to intense increase in

maternal intra- abdominal pressure.[24]

A previous study showed that PFM rest-activity in non-pregnant insulin-resistant partici-

pants decreased compared to control group, which is consistent with our results.[14] There is

a need to maintain lower basal activity even at rest because PFM is responsible for maintaining

resting maximal urethral closure pressure, and when the ability to contract PFM is impaired,

the maximal urethral closure pressure decreases by 70%–80%, which can lead to PFMD.

[25,26] Decreased PFM activity in GDM could predispose pregnant women to develop PFMD,

which is consistent with our clinical study that showing that even after 2 years postpartum

women diagnosed with GDM presented higher urinary incontinence rates and PFMD.[27]

In addition, rest basal activity is a state preceding functional activation of PFM. In GDM,

the decrement of PFM activity can be difficult to adjust recruitment for challenging functions

because women with symptoms of PFMD show a delay in PFM contractions, in response to an

increase in intra-abdominal pressure, which suggests that this delay is possibly influenced by

insufficient preparatory recruitment transitioning from rest-activity to functional PFM activ-

ity.[26]

A previous study in non-pregnant insulin-resistant participants showed less recruitment of

PFM during maximal voluntary contraction compared to control groups, although all proce-

dures and the duration of contraction were not mentioned making comparison with our

results difficult.[14]

Fig 4. EMG RMS characteristics from 24–28 to 36–38 weeks of gestation of different 3 participants from DMG

and NG group.

https://doi.org/10.1371/journal.pone.0223261.g004
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Metabolic, neural, and muscular systems could be involved in lower rest-activity and hold

contractions, and EMG has indicated that these systems are disturbed. Morphological changes

in rat urethral muscles with mild diabetes can explain lower PFM activity by the lower fiber

diameters than those in the NG group, colocalization of fast and slow fibers, and a decrease in

the ratio of fast to slow fibers, which are characteristic of muscles with decreased capacity to

originate normal electrical signals.[6]

In addition to myopatic disorders in GDM, there are further changes in the extracellular

matrix that involve the presence of interfibrillar and intermyofibrillar collagen found in dia-

betic pregnant rats.[5] The connective tissue has an important role in muscle structure and

function because it involves muscle fibers to guarantee tension, providing good performance.

The fibrosis process could restrict the slippage of muscle fibers.[28] Similarly, lipids and gran-

ules of intramuscular mitochondria misalign myofibrils and make sliding of fibers difficult.

[5,7]

Regarding substrates of skeletal muscle, metabolism studies have shown a decrease in the

oxygen supply to muscles in GDM. These characteristics interfere with the ability to maintain

contraction for a prolonged period by limiting the ability of the main substrate to hold the con-

traction.[29,30]

The changes were predominant in tasks involving slow fiber activation to fast fibers. We

hypothesized the tendency of GDM to affect major slow fiber types and led us to suspect that

atrophy of urethral striated muscle is probably involved in neural changes. Myelin abnormali-

ties are associated with diabetes, so we suggest that this characteristic is caused by damage in

smaller motor units that present thicker myelin sheath than those of fast fibers, therefore

becoming the first to be affected.[31] Neuromuscular transmission failure and possibly patho-

logical alterations in muscle metabolism have been attributed to decreases in muscle activity.

[32]

One of the strengths of this study was the analysis of progress between pregnancy stages.

This prospective cohort study has a translational source and confirms our previous experimen-

tal models with clinical data.[5,6] Fig 4 illustrated a no-normalized data to provide an overview

of EMG RMS signal picture to help clinical professional to have a practical view of EMG from

24–28 to 36–38 weeks of gestation between groups, it is evident the difference in an qualitative

analyses. However, technically is important the normalization procedure adopted to mini-

mizes external artefacts and contributes reliable EMG data. Our data showed differences even

after normalization procedure a fact that support our data differences.

A possible limitation of our study is the absence of pre-pregnancy clinical data. In our

study, each women was their own control, but the baseline was just before the GDM diagnoses

so we were only able to look at associations between GDM and PFM EMG at different time

points during pregnancy. Another limitation is the difficulty to include women at the begin-

ning of pregnancy in the first trimester, which could have limited our ability to obtain more

significant results in the DMG and NG groups. [33]

Our higher dropouts rates was other negative limitation, we faced difficulty to maintain

pregnant during the 2 study points, we believe that even though EMG exam is a safe and com-

fortable procedure the fact of pregnant need to spend around 40 minutes additionally of the

prenatal care and the invasive procedures could contribute to this higher rate. Another study

with pelvic exams reported the same difficult to maintain participant during cohort and cor-

roborate our study. [34]

Although glycemic control was made clinically, another limitation of study is no availability

of the blood glucose concentrations following a diagnosis of GDM. [33] In the other hand, pre-

vious study showed that women with GDM diagnosis and treated with diet and insulin admin-

istration had significant negative effect on maternal and fetal outcomes. [2]
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This was the first study to demonstrated directly changes in PFM during pregnancy compli-

cated by GDM, knowledge of the neuromotor behavior of PFM is of paramount importance

for the training and reorganization of motor planning in pregnancy.[35,36] This investigation

contributes to the understanding of PFM recruitment in GDM women at two time points of

gestation. There was same methodological limitation that limited our conclusions, so it is

important that the next studies provide more information about data that was presented as

limitation in this present study.

In conclusion, the results of this study demonstrate that GDM group present a progressive

decrease in EMG-PFM activity in rest-activity and hold contractions from 24–30 to 36–38

weeks of gestation.
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Visualization: Caroline B. Prudencio, Fabiane A. Pinheiro, Cristiane R. Pedroni, Angélica M.
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tions on individual muscles [Internet]. 2014. Available: http://www.seniam.org/

Gestational diabetes and pelvic floor electromyography

PLOS ONE | https://doi.org/10.1371/journal.pone.0223261 November 7, 2019 12 / 13

https://doi.org/10.2147/IJWH.S102117
http://www.ncbi.nlm.nih.gov/pubmed/27703397
https://doi.org/10.1016/j.bbadis.2019.05.014
https://doi.org/10.1016/j.bbadis.2019.05.014
http://www.ncbi.nlm.nih.gov/pubmed/31152867
https://doi.org/10.2337/dc15-S001
https://doi.org/10.1590/S1807-59322011000800006
https://doi.org/10.1590/S1807-59322011000800006
http://www.ncbi.nlm.nih.gov/pubmed/21915481
https://doi.org/10.1007/s00192-013-2218-4
http://www.ncbi.nlm.nih.gov/pubmed/24043129
http://dx.doi.org/10.4081/uij.2011.e9
https://doi.org/10.2522/ptj.20080079
http://www.ncbi.nlm.nih.gov/pubmed/18801853
https://doi.org/10.1172/JCI77812
http://www.ncbi.nlm.nih.gov/pubmed/26727229
https://doi.org/10.1113/jphysiol.2010.195982
https://doi.org/10.1113/jphysiol.2010.195982
http://www.ncbi.nlm.nih.gov/pubmed/21135051
https://doi.org/10.1007/s00192-015-2865-8
http://www.ncbi.nlm.nih.gov/pubmed/26476820
https://doi.org/10.1152/japplphysiol.00733.2015
http://www.ncbi.nlm.nih.gov/pubmed/26989220
https://doi.org/10.2147/DMSO.S85816
http://www.ncbi.nlm.nih.gov/pubmed/26357485
https://doi.org/10.1152/japplphysiol.00280.2015
http://www.ncbi.nlm.nih.gov/pubmed/26159758
https://doi.org/10.1097/SPV.0b013e31827ab9d0
https://doi.org/10.1097/SPV.0b013e31827ab9d0
http://www.ncbi.nlm.nih.gov/pubmed/23321652
https://doi.org/http://10.1097/AOG.0b013e318265de39
https://doi.org/http://10.1097/AOG.0b013e318265de39
http://www.ncbi.nlm.nih.gov/pubmed/23090518
https://doi.org/10.1590/S1517-86922012000400009
https://doi.org/10.1590/S1517-86922012000400009
http://www.seniam.org/
https://doi.org/10.1371/journal.pone.0223261


20. Glazer HI. Glazer Intrapelvic SEM:G Assessment for the Diagnosis & Treatment of Post Radical Prosta-

tectomy Urinary Incontinence. SURFACE ELECTROMYOGRAPHY (SEMG). Biofeedback Federation

CIC; 2000.

21. Hacad CR, Glazer HI, Zambon JPC, Burti JS, Almeida FG. Is There Any Change in Pelvic Floor Electro-

myography During the First 6 Months After Radical Retropubic Prostatectomy? Appl Psychophysiol Bio-

feedback. 2015; 40: 9–15. https://doi.org/10.1007/s10484-015-9271-3 PMID: 25735504

22. Marshall P, Murphy B. The validity and reliability of surface EMG to assess the neuromuscular response

of the abdominal muscles to rapid limb movement. J Electromyogr Kinesiol. 2003; 13: 477–89. Avail-

able: http://www.ncbi.nlm.nih.gov/pubmed/12932422 PMID: 12932422

23. Haylen BT, Maher CF, Barber MD, Camargo S, Dandolu V, Digesu A, et al. Erratum to: An International

Urogynecological Association (IUGA) / International Continence Society (ICS) joint report on the termi-

nology for female pelvic organ prolapse (POP). Int Urogynecol J. 2016; 27: 655–684. https://doi.org/10.

1007/s00192-016-3003-y PMID: 26984443

24. Hoffman B, Schorge J, Schaffer J. Obstetricia de Williams. 23rd ed. Hill M, editor. Artmed; 2013.

25. Chin H-Y, Lin K-C, Wang C-J, Chiang C-H, Kuo H-C. Paraurethral striated muscular structures and pel-

vic floor muscles contribute to resting urethral closure pressure in rats. Int Urogynecol J. 2012; 23:

1631–1636. https://doi.org/10.1007/s00192-012-1773-4 PMID: 22569689

26. Smith MD, Coppieters MW, Hodges PW. Postural activity of the pelvic floor muscles is delayed during

rapid arm movements in women with stress urinary incontinence. Int Urogynecol J. 2007; 18: 901–911.

https://doi.org/10.1007/s00192-006-0259-7 PMID: 17139463

27. Barbosa A, Dias A, Marini G, Calderon I. Urinary incontinence and vaginal squeeze pressure two years

post-cesarean delivery in primiparous women with previous gestational diabetes mellitus. Clinics. 2011;

66: 1341–1345. https://doi.org/10.1590/S1807-59322011000800006 PMID: 21915481

28. Turrina A, Martı́nez-González MA, Stecco C. The muscular force transmission system: Role of the intra-

muscular connective tissue. J Bodyw Mov Ther. 2013; 17: 95–102. https://doi.org/10.1016/j.jbmt.2012.

06.001 PMID: 23294690

29. Dipla K, Triantafyllou A, Grigoriadou I, Kintiraki E, Triantafyllou GA, Poulios P, et al. Impairments in

microvascular function and skeletal muscle oxygenation in women with gestational diabetes mellitus:

links to cardiovascular disease risk factors. Diabetologia. 2017; 60: 192–201. https://doi.org/10.1007/

s00125-016-4129-7 PMID: 27722775

30. Boyle KE, Hwang H, Janssen RC, DeVente JM, Barbour LA, Hernandez TL, et al. Gestational Diabetes

Is Characterized by Reduced Mitochondrial Protein Expression and Altered Calcium Signaling Proteins

in Skeletal Muscle. Salvi M, editor. PLoS One. 2014; 9: e106872. https://doi.org/10.1371/journal.pone.

0106872 PMID: 25216282

31. Cermenati G, Abbiati F, Cermenati S, Brioschi E, Volonterio A, Cavaletti G, et al. Diabetes-induced

myelin abnormalities are associated with an altered lipid pattern: protective effects of LXR activation. J

Lipid Res. 2012; 53: 300–310. https://doi.org/10.1194/jlr.M021188 PMID: 22158827

32. Allen MD, Kimpinski K, Doherty TJ, Rice CL. Decreased muscle endurance associated with diabetic

neuropathy may be attributed partially to neuromuscular transmission failure. J Appl Physiol. 2015; 118:

1014–1022. https://doi.org/10.1152/japplphysiol.00441.2014 PMID: 25663671

33. Resende APM, Petricelli CD, Bernardes BT, Alexandre SM, Nakamura MU, Zanetti MRD. Electromyo-

graphic evaluation of pelvic floor muscles in pregnant and nonpregnant women. Int Urogynecol J. 2012;

23: 1041–1045. https://doi.org/10.1007/s00192-012-1702-6 PMID: 22415702

34. Harvey M-A, Johnston SL, Davies G a L. Mid-trimester serum relaxin concentrations and post-partum

pelvic floor dysfunction. Acta Obstet Gynecol Scand. 2008; 87: 1315–21. https://doi.org/10.1080/

00016340802460321 PMID: 18951211

35. Volløyhaug I, Mørkved S, SalvesenØ, Salvesen KÅ. Assessment of pelvic floor muscle contraction

with palpation, perineometry and transperineal ultrasound: a cross-sectional study. Ultrasound Obstet

Gynecol. 2016; 47: 768–773. https://doi.org/10.1002/uog.15731 PMID: 26300128

36. Batista RLA, Franco MM, Naldoni LM V, Duarte G, Oliveira AS, Ferreira CHJ. Biofeedback and the

electromyographic activity of pelvic floor muscles in pregnant women. Rev Bras Fisioter. 2011; 15: 386–

92. PMID: 22002190

Gestational diabetes and pelvic floor electromyography

PLOS ONE | https://doi.org/10.1371/journal.pone.0223261 November 7, 2019 13 / 13

https://doi.org/10.1007/s10484-015-9271-3
http://www.ncbi.nlm.nih.gov/pubmed/25735504
http://www.ncbi.nlm.nih.gov/pubmed/12932422
http://www.ncbi.nlm.nih.gov/pubmed/12932422
https://doi.org/10.1007/s00192-016-3003-y
https://doi.org/10.1007/s00192-016-3003-y
http://www.ncbi.nlm.nih.gov/pubmed/26984443
https://doi.org/10.1007/s00192-012-1773-4
http://www.ncbi.nlm.nih.gov/pubmed/22569689
https://doi.org/10.1007/s00192-006-0259-7
http://www.ncbi.nlm.nih.gov/pubmed/17139463
https://doi.org/10.1590/S1807-59322011000800006
http://www.ncbi.nlm.nih.gov/pubmed/21915481
https://doi.org/10.1016/j.jbmt.2012.06.001
https://doi.org/10.1016/j.jbmt.2012.06.001
http://www.ncbi.nlm.nih.gov/pubmed/23294690
https://doi.org/10.1007/s00125-016-4129-7
https://doi.org/10.1007/s00125-016-4129-7
http://www.ncbi.nlm.nih.gov/pubmed/27722775
https://doi.org/10.1371/journal.pone.0106872
https://doi.org/10.1371/journal.pone.0106872
http://www.ncbi.nlm.nih.gov/pubmed/25216282
https://doi.org/10.1194/jlr.M021188
http://www.ncbi.nlm.nih.gov/pubmed/22158827
https://doi.org/10.1152/japplphysiol.00441.2014
http://www.ncbi.nlm.nih.gov/pubmed/25663671
https://doi.org/10.1007/s00192-012-1702-6
http://www.ncbi.nlm.nih.gov/pubmed/22415702
https://doi.org/10.1080/00016340802460321
https://doi.org/10.1080/00016340802460321
http://www.ncbi.nlm.nih.gov/pubmed/18951211
https://doi.org/10.1002/uog.15731
http://www.ncbi.nlm.nih.gov/pubmed/26300128
http://www.ncbi.nlm.nih.gov/pubmed/22002190
https://doi.org/10.1371/journal.pone.0223261

