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ABSTRACT

Purpose. To verify the impact of Pilates training on blood glucose, urinary problems, sexual symptoms, pain and anxiety in
women with gestational diabetes mellitus (GDM).

Methods. Overall, 25 pregnant women with GDM were randomly divided into an experimental and a control group. The
participants allocated into the experimental group were submitted to 12 weeks of conventional treatment for GDM associated
with supervised Pilates exercises. The control group were submitted to 12 weeks of conventional treatment, without the
Pilates intervention. Fasting blood glucose was measured with a glucose monitor. Urinary symptoms were assessed by using
the Short-Form International Consultation on Incontinence Questionnaire. For sexual function, the authors applied the
Female Sexual Function Index. Maternal weight gain was obtained from the patients’ medical records. Pain was assessed
by visual analogue scale and localized by nordic questionnaire. Owing to a non-parametric pattern of the data, values were
expressed as median and interquartile range. Inferential analysis was performed with the Mann-Whitney U test (to assess
between-group comparisons) and Wilcoxon test (to assess pre- and post-intervention comparisons).

Results. Considering the baseline similarity of the groups regarding anthropometric and clinical variables, Pilates training
improved fasting glucose, maternal weight gain, and urinary incontinence score as compared with the group submitted
exclusively to conventional therapy (p < 0.05).

Conclusions. The results reinforce the beneficial effects of supervised Pilates training on reducing blood glucose, maternal
weight gain, and urinary incontinence in pregnant women with GDM.
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Introduction alence increases with age at more than 45 years [1].
GDM can increase perinatal mortality and the risk

Gestational diabetes mellitus (GDM) is a common of long-term comorbidities for mothers and children
issue during pregnancy. The disease affects approxi- [2]. The condition is associated with higher rates of foe-
mately 13.2% of pregnant women worldwide. The prev- tal macrosomia, stillbirth, neonatal metabolic disor-
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ders, preeclampsia, and caesarean section [3]. About
half of women with GDM will develop type 2 diabetes
within 5 years after birth [4]. In the offspring, GDM
is one of the main risk factors for developing obesity
and glucose intolerance later in life [5].

Drug therapy and nutrition therapy are the corner-
stones of the treatment of GDM in order to achieve
glycaemic control and to reduce complications. In ad-
dition, a healthy lifestyle is recognized as an essential
component of GDM management [6]. Lifestyle changes,
self-monitoring of blood glucose, nutrition therapy, and
physical activity are measures aimed at preventing
hyperglycaemia and excessive weight gain during preg-
nancy [7].

Previous studies have shown that exercise increases
the control of capillary blood glucose and can reduce or
delay hypoglycaemic medication or insulin in women
with GDM [4]. In this respect, insulin therapy is as-
sociated with an increase in hypertensive disorders
and may increase the susceptibility to postpartum
thromboembolic events [§].

Regarding exercise modalities, a recent systematic
review concluded that cycling, walking, or circuit
training performed 3 times per week for 40-60 min-
utes which resulted in an increase of 65-75% in the
age-predicted basal heart rate was effective in improv-
ing glycaemic control in patients with GDM and in
preventing the development of GDM in obese pregnant
women [9, 10]. These reviews recommended further
studies to explore the impact of different combined
exercise modalities on glucose metabolism in order
to increase insulin sensitivity and to maximize their
benefits in pregnancies with GDM [9, 10].

Pilates is an exercise modality based on 6 princi-
ples: involving the whole body, breathing, concentra-
tion, centralization, precision, and rhythm [11]. Pilates
is a conscious approach in exercise, stimulating aware-
ness of body structure, muscle recruitment, and body
movement. Joseph Pilates claims that this set of cor-
rective exercises promotes or controls voluntary or ef-
fective posture, stabilizing the posture muscles during
dynamic movement and promoting mental vitality [12].
Pilates can be performed on a mat using the body’s
own weight as resistance or with Pilates equipment
that provides resistance to stabilize and strengthen
deep muscle groups [13].

Internationally, Pilates has become a form of exer-
cise much sought by women to improve physical and
mental health [14]. This modality advocates low-im-
pact exercises with no sudden changes in direction,
uses few repetitions, and works together with breathing
and concentration to achieve some fluidity in move-
ment execution [14].

Recent studies conclude that scientific evidence on
the effects of Pilates exercises under special conditions
such as pregnancy is still lacking, indicating the need
for further research to determine the effectiveness of
this method [15]. On the other hand, other studies
found strong evidence to support the use of Pilates exer-
cises to improve flexibility and dynamic balance [16]
and functional capacity in sedentary women [17].

Specifically regarding GDM, the number of studies
that evaluated the effects of Pilates exercises as an ad-
juvant treatment is scarce. The purpose of this study,
thus, was to verify the impact of Pilates training on
blood glucose, urinary problems, sexual symptoms,
pain and anxiety in women with GDM.

Material and methods
Participants

A prospective clinical trial was conducted in which
the participants were randomly divided into 2 inde-
pendent groups: a Pilates group and a control group.
The inclusion criteria involved age over 18 years, GDM
diagnosis in accordance with the World Health Organ-
ization criteria, gestational age of 20-28 weeks, body
mass index < 45 kg/m?, sedentary lifestyle (self-re-
ported daily activities that did not increase the meta-
bolic equivalent of task by 3 times the baseline), no
smoking, clinical stability, and capability to partici-
pate in physical activities. Women who failed to attend
the assessments or missed more than 25% of the train-
ing sessions were excluded.

Therapeutic protocols

The study involved 2 therapeutic protocols that were
applied in women with GDM assisted at the Univer-
sity Hospital of the Federal University of Mato Grosso
do Sul. In the Pilates group, the women underwent ses-
sions of Pilates exercises combined with convention-
al treatment. The control group participants received
only conventional treatment.

The selection of the participants was performed by
convenience once only women who could attend the
evaluation centre twice a week were included. Re-
searchers were blinded to group assignment, and the
division involved the use of envelopes.

A total of 25 participants were randomly divided
into the Pilates (n = 13, mean age: 36.0 + 11.5 years)
and control (n = 12, mean age: 33.5 + 11.2 years) groups
(Figure 1). The method used to generate a random se-
quence, to allowing evaluate the possibilite to produce
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Figure 1. Study flow diagram

comparable groups, was by drawing the participants
using sequential numbered, opaque and sealed en-
velopes.

Pilates exercise intervention

Women with GDM in the Pilates group received
conventional treatment and were submitted to a struc-
tured Pilates exercise program supervised by a quali-
fied physical therapist. The program consisted of 12
weeks of training, 2 sessions per week (55-60 min-
utes each), from 24-28 weeks of gestation to the end
of the 3™ trimester (36-40 weeks). A physical thera-
pist specialized in women health was responsible for
conducting the Pilates sessions.

The Pilates protocol used in the present study con-
sisted of 10 different positions: spine stretch, spine
twist, saw, mermaid, chest expansion, shoulder bridge,
side kick - front and back, leg — small circles, scissors,
and leg adduction. For progression of the exercises,
the number of exercise repetitions was increased and
the position of each exercise was changed from begin-
ner to intermediate and advanced. The movements were
repeated 6-8 times each. Figures 2-5 demonstrate
some of the protocol exercises.
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Figure 2. Mermaid

Figure 5. Side kick - back

Conventional treatment

The women receiving conventional treatment vis-
ited their obstetricians and nurses weekly (according
to the hospital’s protocol) until week 38-40 of gesta-
tion, when they delivered. According to the high-risk
pregnancy manual of FEBRASGO [18], conventional
treatment of GDM consists of a triad of diet, physical
activity, and drug therapy (human insulin and, in spe-
cific cases, metformin).

Human Movement, Vol. 22, No 4, 2021
humanmovement.pl



HUMAN MOVEMENT

G.R.S. Nascimento et al., Pilates and gestational diabetes

The diet prescribed for the participants consisted
of 35 kcal/kg/day. The composition of the diet was as
follows: 40-50% of carbohydrates, 15-25% of proteins,
25-30% of lipids, and less than 10% of unsaturated
fats. The daily caloric intake was divided into 3 main
meals (coffee, lunch, and dinner) and 3 snacks (morn-
ing, afternoon, and evening).

For standard physical activity, the pregnant women
were instructed to walk on a flat surface for 30 min-
utes, 5 times a week, at a speed at which they could still
talk. The medication of choice for treatment of diabetes
mellitus was human insulin and, alternatively, met-
formin. A mean blood glucose concentration > 120 mg/dl
and/or > 30% of altered blood glucose measurements
in the daily glycaemic profile were used as the criteria
for the initiation of drug therapy and for dose adjust-
ment.

The researchers remained in weekly contact with
the participants to ensure that the activities were un-
dertaken. The absence of undertaken activities for more
than 2 weeks resulted in the exclusion of the subject
from the study.

Assessment instruments

The Gynaecology and Obstetrics Outpatient Clinic
of the university hospital includes the High Risk Preg-
nancy Treatment and Diagnosis Centre. All partici-
pants were first evaluated at the Clinic for the collection
of anthropometric and clinical data (blood glucose,
blood pressure, weight).

The International Consultation on Incontinence
Questionnaire, Short Form (ICIQ-SF) was used to ana-
lyse the impact and severity of urinary incontinence
[19]. The Hospital Anxiety and Depression Scale was
applied to identify possible signs of mental health is-
sues [20]. The Female Sexual Function Index (FSFI)
served to analyse the patients’ sexual function. FSFI
is a self-administered questionnaire that evaluates
6 different domains of women’s sexual function and
activity: desire, sexual arousal, vaginal lubrication,
orgasm, satisfaction, and pain [21]. The Nordic Mus-
culoskeletal Questionnaire (NMQ) was used to locate
and measure the report of musculoskeletal symptoms
and, thus, facilitate the comparison of results between
studies. The visual analogue scale allowed to measure
pain intensity (from O to 10).

It is noteworthy that all instruments used were
translated and validated to Portuguese and are suit-
able for the population studied.

Sample size

The sample size was calculated with the assump-
tion of a type 1 error (alpha) of 5% and the statistical
power (1-beta) of 80%. With the design of a clinical
trial with 2 independent groups and 2 assessment
times, as well as an effect size of 0.6, as previously
reported by Lausen et al. [22], the minimum sample
size should equal 20 participants, 10 in each group.

Data analysis

Data analyses involved descriptive and inferential
statistics. For the descriptive statistics, the authors used
median, interquartile range, and number of events. For
inferential analysis, the categorical variables were com-
pared with the use of the chi-square test. For the con-
tinuous variables, the Shapiro-Wilk test and Levene’s
test were first applied to verify if the requirements for
the use of parametric tests were satisfied. Since most
variables did not meet the requirements for parametric
analyses, the authors applied the Mann-Whitney U
test for assessments of between-group comparisons
and the Wilcoxon test for assessments of the intra-
group (pre-post treatment) analyses. For all analyses,
significance was set at 5%.

Ethical approval

The research related to human use has complied
with all the relevant national regulations and institu-
tional policies, has followed the tenets of the Declara-
tion of Helsinki, and has been approved by the Human
Research Ethics Committee of the Federal University
of Mato Grosso do Sul (approval No.: 1.934.980) and
registered in the Brazilian Registry of Clinical Trials
(identifier: RBR-95xdzh).

Informed consent
Informed consent has been obtained from all indi-
viduals included in this study.

Results

Age, marital status, and pre-intervention weight
of the intervention and control groups are shown in
Table 1. The participants were 35.0 = 11.0 years old at
the beginning of the study and both groups consisted
exclusively of primigravidae. As shown in Table 1, the
groups were similar in terms of all variables.

Table 2 shows body weight, fasting glucose, and
postprandial glucose of women in the Pilates and con-
trol groups. As can be seen, the groups were homoge-
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Table 1. General characteristics of the participants

Variable Pilates group Control group p
Sample size () 13 12 0.841
Age (years) 36.0 (11.5) 33.5(11.2) 0.567
Single 92.3 58.3 0.063
Marital status (%) Married 7.7 41.7
Divorced 0 0
Pre-intervention weight (kg) 85.0 (20.0) 90.0 (26.7) 0.087

Chi-square test p-values for sample size and marital status
Mann-Whitney U test p-values for age and pre-intervention weight

Table 2. Comparison of weight and blood glucose between groups

Variable Group Before intervention After intervention p (pre-post)
Pilates 80.4 (20.0) 86.0 (19.6) 0.010*
Weight (kg) Control 90.0 (26.7) 105.9 (24.2) 0.002*
PG1vs.G2) 0.080 0.003
Pilates 144.0 (25.5) 90.0 (7.5) 0.001*
Fasting blood glucose (mg/dl) Control 115.5 (33.0) 98.5 (24.5) 0.109
p(Gl vs. G2) 0.002 0.034
Pilates 155.0 (23.5) 115.0 (12.5) 0.005*
Postprandial blood glucose (mg/dl) Control 119.0 (23.0) 131.5 (35.0) 0.050
PG1vs. G2) 0.001 0.001
G1 - Pilates group, G2 - control group; * p < 0.05
Mann-Whitney U test p-values for group comparisons (G1 vs. G2)
Wilcoxon test p-values for intragroup comparisons (pre-post)
Table 3. Level of anxiety and depression of the participants in the two groups
Pilates group Control group
Variable p
Yes No Yes No
Pre-intervention anxiety (%) 38.5 61.5 41.7 68.3 0.870
Post-intervention anxiety (%) 0.0 100.0 41.7 58.3 0.009*
Pre-intervention depression (%) 53.8 46.2 50.0 50.0 0.848
Post-intervention depression (%) 53.80 46.20 50.0 50.0 0.848

*p<0.05
Chi-square test p-values

neous at baseline. Intragroup comparison showed
a significant difference for weight (p = 0.002) in the
control group. Pregnant women in the Pilates group
benefitted from the physical therapy intervention in
relation to fasting (p = 0.001) and postprandial glucose
(p = 0.005).

Analysis of the level of anxiety and depression
showed a significant improvement of anxiety in the
Pilates group. The percentage of participants with symp-
toms of anxiety decreased from 38.5% to 0.0% in the
experimental group (p = 0.009). Table 3 shows the anx-
iety level and depressive symptoms in both groups.
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The application of the ICIQ-SF for the evaluation
of urinary incontinence showed a significant improve-
ment in the Pilates group over the 3 months of fol-
low-up. The score of the participants decreased from
10.0 = 10.5 to 2.0 = 5.5 (p = 0.005). No statistically
significant difference in sexual function (FSFI) was
observed between groups. Table 4 shows the pre- and
post-intervention scores for urinary incontinence and
sexual function in the Pilates and control groups.

The symptom of musculoskeletal pain was very
common, reported by 76% of the participants. Among
the musculoskeletal pain conditions, low back pain,
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Table 4. Urinary incontinence, sexual function, and pain scores in the Pilates and control groups

Variable Group Before intervention After intervention p (pre-post)
Pilates 10.0 (10.5) 2.0 (56.5) 0.005*
Urinary incontinence Control 0.0 (4.5) 5.5 (8.5) 0.066
PGl vs. G2) 0.017 0.414
Pilates 18.2 (17.4) 19.8 (9.9) 0.477
Sexual function Control 19.5 (20.3) 16.8 (18.6) 0.109
PG1vs. G2) 0.786 0.327
Pilates 3.0 (4.0 2.0 (3.0) 0.005*
Pain Control 4.0 (3.0) 5.0 (1.0) 0.007
PG1vs. G2) 0.508 0.001

G1 - Pilates group, G2 - control group; * p < 0.05

Mann-Whitney U test p-values for group comparisons (G1 vs. G2)

Wilcoxon test p-values for intragroup comparisons (pre-post)

with a prevalence of 60% (15 cases), was the most fre-
quent in pregnant women. Table 4 shows the medians
of the pain intensity scores assessed by the visual
analogue scale. There was a reduction in pain inten-
sity by the visual analogue scale in the Pilates group.
At baseline, 76.9% of women in the Pilates group
were taking oral medication and 23.1% were adminis-
tered injectable medication. In the control group, 66.7%
of the women were using oral medication and 33.3%
injectable medication. The chi-square test showed that
the groups were similar on this pattern (p = 0.568).
At the end of study, 23.1% of the participants of the
experimental group were no longer taking medica-
tion and 76.9% used oral medication. In the control
group, half of the women (50.0%) used oral medica-
tion and the other half (50.0%) injectable medication.
The chi-square test indicated a significant difference
between groups in this proportion (p = 0.007).

Discussion

The present results showed greater benefits in the
intervention group (Pilates exercises combined with
conventional treatment) compared with the control
group (conventional treatment consisting of diet, medi-
cation, and walking).

Groups were homogeneous in relation to the clini-
cal and anthropometric data (age, initial weight, and
marital status). This similarity of the data permits to
more clearly analyse the benefits caused by Pilates
exercises. The results revealed a significant improve-
ment in fasting and postprandial blood glucose levels,
greater control of weight gain during pregnancy, im-
proved urinary system function, and a reduction in
the number of pain sites and anxiety in the Pilates

group. In addition, the need for injectable medication
was lower after the intervention in this group.

The control group exhibited a significant weight
gain during pregnancy. In view of its various benefits,
physical activity for pregnant women is recommended
by the American Diabetes Association, American Col-
lege of Obstetricians and Gynecologists, and Endo-
crine Society, as long as there is no contraindication
concerning the woman’s clinical or obstetric condi-
tion [23]. As part of GDM treatment, the recommen-
dation is that pregnant women be encouraged to per-
form at least 30 minutes of moderate physical activity,
atleast 5 times a week, totalling 150 minutes per week,
avoiding intervals of more than 2 consecutive days
without exercise [18, 23].

Aerobic and resistance exercises are beneficial and
both types should be performed to improve glycaemic
control [24]. The experimental group was submitted
to a combination of walking, which is an aerobic exer-
cise, and Pilates, which involves resistance exercises.
This combination had a greater impact on blood glu-
cose levels, improving fasting glucose and postpran-
dial glucose.

Previous studies have shown that physical exercise
increases the rate of glucose uptake by the muscle
cells during the exercise session and for a few hours
after workout [25]. Exercise also improves the action of
insulin, promoting glucose uptake into muscle and
increasing the use of intracellular fatty acids, which,
in turn, increases insulin sensitivity, stimulates glu-
cose uptake, and decreases blood glucose levels for
more than 20 hours within less than 70 hours [26].
Glucose uptake is also regulated by the duration and
intensity of exercise performed. More intense exer-
cises enhance the glucose lowering effect [25].
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According to a systematic review on exercises among
women with GDM, combined interventions with diet
and exercises can have beneficial effects on blood
glucose levels, especially postprandial blood glucose
level [27]. A recent study showed that supervised ex-
ercises started early and maintained during preg-
nancy could reduce the risk of excessive maternal
weight gain during pregnancy and the incidence of
GDM [28]. Physical training during pregnancy has
a positive effect on health and well-being of the mother-
baby binomial, including appropriate maternal weight
gain and a birth weight adequate for gestational age
[29]. In fact, long-term studies have proved that women
who exercise regularly are more likely to have a baby
with a weight appropriate for gestational age, which
decreases the risk of chronic diseases in adulthood,
including cardiovascular diseases, obesity, and dia-
betes [30]. In the present study, Pilates training com-
bined with walking, diet, and medication reduced ma-
ternal weight gain in the participants, possibly because
of increased energy expenditure as a result of the 2 com-
bined exercise modalities. In addition, the presence of
the physical therapist accompanying the activities was
a motivating factor for the correct execution of the exer-
cises and for strictly following the prescribed diet.

Urinary incontinence, another common health
problem during pregnancy, is caused by increased ab-
dominal pressure, constipation, weight gain, increased
intravesical pressure (greater demand for the conti-
nence mechanism). The application of ICIQ-SF showed
incontinence in both groups at baseline; however, im-
provement of urinary symptoms was only observed in
the Pilates group. This finding may be explained by
the strengthening of the pelvic floor muscles. This mus-
cle group is a component of the powerhouse, one prin-
ciple of Pilates training [11, 12]. Another hypothesis
is that worsening urinary incontinence in the control
group was due to greater weight gain during pregnancy.
This hypothesis is more plausible because, although
the Pilates technique recommends pelvic floor muscle
contraction, there is still no scientific evidence to rec-
ommend it as an exercise to treat urinary incontinence.
Pelvic floor training is the most suitable type of exer-
cise for the treatment of urinary incontinence [31].

Obesity and GDM have been increasing world-
wide and may compromise female sexual function.
In general, 56% of the 25 women enrolled in this study
were at risk for sexual dysfunction symptoms (FSFI
score < 26). Some studies involving special popula-
tions such as women with GDM, pelvic organ prolapse,
polycystic ovarian syndrome, and urinary inconti-
nence have implied that weight gain negatively im-
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pacts some aspects of sexual function [32]. However,
Pilates exercises did not improve sexual function in
women with GDM.

Pregnancy is a major life event, which causes psy-
chological, social, and hormonal changes. Significant
changes in a short period of time may contribute to
the development of mental disorders, such as anxiety
and depression. A recent study found an association be-
tween diabetes and depressive symptoms [33]. A pre-
vious review demonstrated that 10-20% of women
experienced some depressive symptoms during preg-
nancy. Among GDM women, the prevalence of depres-
sion during pregnancy ranged widely from 4.1% to
80.0% [34]. The susceptibility to depressive symp-
toms during pregnancy is possibly related to maternal
cortisol levels. Pregnant women with diabetes appear
to be at higher risk of developing depressive symp-
toms. In the present study, 52% (n = 13) of the women
had depressive symptoms and 40% (n = 10) had anx-
iety symptoms at the initial assessment. No improve-
ment of depressive symptoms was observed in either
group. However, a decrease in the anxiety symptom
score was established in the Pilates group.

A recent systematic review examined the effect of
prenatal physical exercise on anxiety and depression
during pregnancy and the postpartum period; the re-
sults showed no change in the odds of anxiety symp-
toms during or after pregnancy [35]. The study indi-
cated that to achieve at least a moderate effect size in
the impairment of the severity of prenatal depressive
and anxiety symptoms, pregnant women needed to
accumulate at least 644 MET-minutes/week of exer-
cise (e.g., 150 minutes of moderate-intensity exercise,
such as brisk walking, water aerobics, stationary cy-
cling, or resistance training) [35]. It is possible that
the increase of metabolic energy expenditure contrib-
uted to that finding (270 minutes of moderate-inten-
sity exercise such as walking 5 times a week for 30 min-
utes and Pilates training twice a week for 60 minutes).
In addition, the principles of Pilates training require
concentration and breathing training, which conse-
quently increase the feeling of well-being and relax-
ation-essential feelings during pregnancy [11, 12].
Another physical practice had similar effects on mental
health and insulin levels among diabetic patients: yoga
workouts. A recent systematic review of the literature
has shown that prenatal yoga improves mental con-
dition (stress, depression, and anxiety). It may also help
reduce pelvic pain and improve the physical condition
of pregnant women [36]. In another study, a meta-
analysis revealed clinically improved effects of yoga
intervention on glycaemic control and lipid profiles in
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pre-diabetic population. These results suggest that yoga
intervention may be considered as an alternative ap-
proach to preventing type 2 diabetes mellitus [37].

Studies using the Pilates method in pregnant women
are scarce and there is no previous research on Pilates
training in women with GDM. However, Pilates exer-
cise has been investigated in other populations, such
as older adults and adults. A study compared home
versus Pilates exercise programs for the rehabilitation
of disability and found that supervised Pilates exer-
cises had additional benefits, such as increasing ad-
herence to exercise at home [38]. These results can be
explained by the monitoring instructions and moti-
vation provided by the exercise professional. The pres-
ence of the professional who accompanies the execu-
tion of all exercises, as well as of classmates, provides
extra motivation for performing Pilates exercises [39].
We emphasize that interventions in homogeneous
groups are a therapeutic option that favours the pa-
tients’ adherence to treatment, especially among preg-
nant women with GDM since they have the same expec-
tations of having a good delivery and healthy baby.

Pilates exercises can be used in combination with
other treatments, are relatively inexpensive, and have
few risks for the maternal-foetal binomial. These risks
of hyperventilation, hypoglycaemia, and nausea are
low, as the Pilates technique for pregnant women in-
volves low-intensity training and low impact, and
a professional monitors the breathing and fatigue of
pregnant women during training [15].

Conclusions

Supervised Pilates exercises combined with con-
ventional treatment were found to be beneficial for
women with GDM, improving blood glucose levels
(fasting and postprandial), urinary incontinence, and
anxiety. In addition, Pilates exercises reduced mater-
nal weight gain and the need to use injectable medi-
cation. In addition, Pilates exercises reduced maternal
weight gain, the intensity of low back pain and the need
to use injectable medication.

This study demonstrates the importance of profes-
sional monitoring of the exercise execution for a good
outcome. More studies are needed to further investi-
gate Pilates in women with and without GDM, seek-
ing to make those exercises a routine among pregnant
women.
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