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ABSTRACT
Objectives: Gestational diabetes mellitus (GDM) constitutes one of the most common pregnancy complications and affects
3–5% of all pregnancies, with its incidence still growing. Due to possible maternal and fetal complications, the peripartum
management of GDM patients continues to be a debatable issue. The aim of the study was to analyse the course and final
way of delivery in women with gestational diabetes mellitus. The effectiveness of induction of labour (IOL) was also assessed
and factors predisposing to cesarean section were identified.
Material and methods: The study group consisted of 204 women with GDM who delivered in the Academic Centre for
Woman’s and Neonate’s Health in Warsaw over the years 2013 and 2014. The indications and ratios of elective and intrapartum cesarean sections were analysed. Patients qualified for induction of labour were compared depending on their
final way of delivery.
Results: Over a half of all deliveries in the study group (53%) were cesarean sections. Elective surgeries accounted for 70%
of all cesarean sections, predominantly due to a history of previous operational deliveries. Only 12% of the study group
developed spontaneous uterine contractions and delivered vaginally. A comparison of the vaginal delivery group (n = 96)
with cesarean section group (n = 108) pointed to high pregestational BMI value and advanced maternal age as factors
increasing the patient’s risk for surgical delivery (p = 0.0000 and p = 0.048 accordingly). The comparison of women undergoing IOL vs. omen with spontaneous uterine contractions showed no increase in the ratio of intrapartum cesarean sections
in the IOL group — in both subgroups vaginal delivery was achieved in 75% of cases.
Conclusions: Patients with GDM are more likely to undergo cesarean section, but the implementation of induction of
labour at term does not further aggravate this risk. Major risk factors for operational delivery in GDM population included:
advanced maternal age, high pregestational BMI value and undergoing insulin therapy.
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INTRODUCTION
Gestational diabetes mellitus (GDM) is defined as any degree of glucose intolerance with onset or first recognition during pregnancy [1]. This condition constitutes one of the most
common obstetric complications and is estimated to affect as
many as 3–5% of all pregnancies in the Caucasian population
[2–6]. The growing incidence of this phenomenon is attributed mainly to large prevalence of risk factors for developing
diabetes among women of reproductive age — obesity, insulin resistance, hypertension and pregnancy in women over
35 years old in particular [7]. Moreover, the introduction of
modified diagnostic criteria for GDM in oral glucose tolerance
test (OGTT) in 2014 is also likely to contribute to an increased
prevalence of gestation diabetes [8].

Consequences stemming from maternal hyperglycaemia can be divided into short-term (that is, affecting the
course of pregnancy and puerperium) and long-term, taking their toll on the future health of the mother and child.
Increased risk for peripartum haemorrhage, severe perineal tears and caesarean section constitute some of the
short-term maternal complications, while the newborns are
faced with a higher probability of developing macrosomia,
hyperinsulinaemia and postpartum hypoglycaemia. Macrosomia itself (defined differently by various authors, most
commonly as fetal mass > 4350 g or disparity between head
circumference and abdominal circumference of over 4 cm) is
known to lead to shoulder dystocia, intrapartum clavicular
fracture and potentially irreversible brachial plexus damage.
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Even though gestational diabetes alone is not considered
an indication for elective caesarean section, the increased
prevalence of fetal macrosomia (stemming from the fetus’
altered head-to-waist proportions) contributes to the fact
that afflicted women bear a much higher risk for surgical
delivery than general population [9, 10].
Up to date, there is no consensus as to whether it is possible to bypass the consequences of maternal hyperglycaemia by implementing adequate peripartum management
(optimal term and way of delivery). Whether or not elective
induction of labour at term in women with GDM is justified
and effective in preventing macrosomia is a particularly
discussed issue [1].

OBJECTIVES
In our study we set out to evaluate the effectiveness of
induction of labour and the course of labour in women with
gestational diabetes mellitus. We also attempted to identify
risk factors for surgical delivery in the studied populations.

MATERIAL AND METHODS
The study group consisted of 204 pregnant women diagnosed with gestational diabetes mellitus who underwent
labour in the University Centre for Woman’s and Newborn’s
Health of Medical University of Warsaw between the years of
2013–2014. The patients were diagnosed according to Polish
Gynaecological Society criteria of 2011 [12], that is when
their fasting plasma glucose (FPG) was above 125 mg/dL
twice in a row or an abnormal glucose tolerance in oral glucose tolerance test (OGTT) with 75 g glucose was detected
(fasting plasma glucose equal to or higher than 100 mg/dL,
plasma glucose equal to or higher than 180 mg/dL one
hour and/or 140 mg/dL two hours after drinking glucose
solution). Women with twin pregnancies and suffering from
pregestational diabetes mellitus (PGDM) were excluded
from the study.
The study group included women in singleton pregnancy. Maternal age fluctuated between 23 and 42 years
old, with a mean value of 32 years, while 35% of all patients
were 35 years old or older. BMI value ranged between 15–42,
with a mean value of 25 kg/m2. BMI of over 27 kg/m2 was
observed in 31% of the patients. The median of gestational
weight gain equaled 10 kg (from minus 5 kg to 27 kg). Gestational age was confirmed with ultrasound examination
during the first trimester in every patient. A great majority
(95%) of women were diagnosed with GDM between 24th
and 28th gestational week. Multiparas accounted for 60%
of the study group. Nearly one third of them (30%) already
had a history of GDM in previous pregnancies. In four fifths
of the patients (80.4%) dietary management was sufficient
to ensure normoglycaemia, while insulin therapy had to
be implemented in 15% of cases. Every twentieth (4.6%)
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patient admitted to not have been following their doctor’s
dietary instructions.
In 49% of patients clinical problems other than GDM
occurred during the pregnancy. Predominant complications
included: upper respiratory tract infections and bacterial/candida vaginitis (34% altogether), as well as urinary tract
infections (17%), preterm delivery (14%), pregnancy induced
hypertension (14%). Cholestasis of pregnancy was observed
in 12%, lower limb oedema in 6% and preeclampsia in 3% of
patients with additional complications. 17 women had a history of infertility treatment. Fetal congenital anomalies were
observed in 2 cases: 1 case of diaphragmatic hernia treated
in utero with FETO procedure and one case of ventricular
sept defect (VS.D). Intruterine growth restriction (IUGR) was
observed in 5.4% of fetuses (n = 11). 2.5% of all fetuses were
hypertrophic, defined as LGA (> 90 pc).
49% of the study group suffered from chronic diseases,
predominantly hypothyroidism due to Hashimoto disease,
obesity, chronic hypertension and asthma (in 33, 9, 7 and
6 patients accordingly). Some of the less common diagnoses
included: sclerosis multiplex, hypophosphatemic rickets,
Wilson’s disease, hyperthyroidism, nicotinism.
A substantial percentage of the study group required
induction of labour. The criteria for the procedure in a vast
majority of cases included gestational age (after excluding
cephalopelvic disproportion). In our center IOL was routinely
performed in women diagnosed with GDM who have completed 40th week of gestation or in women with GDM and
LGA who have completed 39th week of gestation. Overall
47% (n = 96) of all women viable for an attempt at vaginal
delivery were qualified for preinduction and/or induction
procedures. 57.7% of them underwent preinduction (55.9%
with the help of Foley catheter, 1.8% with Prepidil gel),
which in 9.9% of cases was sufficient for eliciting labour.
Main strategies of induction, on the other hand, included
intravenous oxytocin administration with (40.5%) or without
(39.6%) following amniotomy.
A database of women with gestational diabetes mellitus was analysed retrospectively and the percentages and
indications for elective caesarean sections were determined.
In the group of patients viable for an attempt at vaginal
delivery a subgroup of patients qualified for induction of
labour and a subgroup of women with spontaneous uterine contractions was distinguished. The odds for surgical
delivery and ratio of successful vaginal childbirths was then
compared in the two mentioned subgroups.
The data was analysed with the help of Microsoft Excel
2013 and statistical programme STATISTICA 12. Shapiro-Wilk
and Wilkinson tests were conducted to check the resemblance of the given variable distribution to the normal distribution. Percentages and arithmetic means were calculated
for each parameter. Calculations for qualitative variables
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were carried out by Pearson test or the precise Fisher test.
For the qualitative variables, t-Student and U Mann-Withney
tests were conducted. The level of statistical relevance was
acknowledged by the p value of p < 0.05.

As many as 37% of patients were initially disqualified
from an attempt at vaginal delivery. Among the performed
caesarean sections - which constituted 53% of deliveries
altogether — 7 out of 10 were elective laparotomies. Intrapartum caesarean sections after failed vaginal delivery
attempt constituted only 16% of all deliveries (Fig. 1).
Prevalent indications for elective caesarean section
included: history of at least one caesarean section (51%),
breech position of the fetus (9%), placental abruption and
placenta praevia (10%), fetal macrosomia (7%), preeclampsia
(2%) and a large group of other, non-obstetric indications
(21%). Lack of progression in the first and rarely in the second stage of labour (67%) and imminent fetal asphyxia (33%)
accounted for cases of intrapartum caesarean sections (after
failed vaginal delivery attempt).
In order to identify the factors that may increase the
risk for operational delivery, the groups of women succeeding in vaginal delivery (n = 96) and women undergoing
caesarean section (n = 108) were compared. The results of
this analysis are depicted in table below (Tab. 1). The comparison has revealed that — in relation to vaginal delivery

RESULTS
The analysis of the way of delivery in the whole study
group (204 patients) revealed that 47% of patients delivered
vaginally, while caesarean section was performed in 53%
cases. In the subpopulation of patients receiving only dietary
management (GDM1) vaginal delivery constituted 50% of all
labours, while the other half required surgical intervention.
As for the women receiving insulin therapy (GDM2), only
30% of them gave vaginal birth and as many 70% qualified
for caesarean section.
A vast majority of vaginal deliveries was accomplished
only after induction of labour. Only 12% of patients developed spontaneous uterine contractions that led to vaginal
delivery, whereas almost three times more patients (35%)
required at least one means of preinduction and/or induction or labour (Fig. 1).

Percentage of the study group [%]
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Vaginal delivery
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Vaginal delivery
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Elective Caesarean
section

Caesarean section
after failed vaginal
delivery effort

Figure 1. Ways of delivery in the study group

Table 1. Characteristics of patients depending on the way of delivery
Vaginal delivery group
(n = 96)

Ceasarean section group
(n = 108)

p value

Age [years]

32.2

33.4

p = 0.048

BMI [kg/m2]

23.3

26.6

p = 0.000

Gestational weight gain [kg]

9.88

10.97

P = 0.098

Percentage of primiparas [%]

44.8

48.1

p = 0.631

Gestational week at delivery

38.2

37.6

p = 0.246

Feature

Premature birth < 37 gest.week [%]

9.4

8.3

p = 0.794

Neonatal weight [g]

3239.7

3285.0

p = 0.681

Ponderal index [kg/m3]

2.047

2.034

p = 0.592

Macrosomia and LGA [n]

0

5

p = 0.643
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Table 2. Comparison of patients undergoing preinduction and/or induction of labour with patients with spontaneous uterine contractions
Spontaneous uterine contractions
(n = 32)

Induction of labour
(n = 96)

p value

Age [years]

32.7

32.4

p = 0.393

BMI [kg/m2]

24.0

24.6

p = 0.990

Percentage of primiparas [%]

43.8

55.9

p = 0.220

Week of delivery [hbd]

37.2

38.5

p = 0.258

Premature birth < 37 gest.week [%}

28.1

11.7

p = 0.025

Vaginal delivery percentage [%]

75

75

p = 0.600

Feature

Neonatal weight [g]

3040.3

3305.5

p = 0.019

Ponderal Index [kg/m3]

2.040

2.046

p = 0.081

Mean duaration of the first stage of labour [min]

275.91

266.94

p = 0.818

29

71

p = 0.000

Epidural analgesia [%]

group — the patients undergoing caesarean section were
characterised by older maternal age (33.4 vs. 32.3 years)
and higher pregestational BMI value (26.6 vs. 23.3 kg/m2),
and the obtained differences were statistically significant
(p < 0.05) Other parameters taken into consideration
showed no statistically significant differences between the
two compared populations (Tab. 1).
The clinical value and effectiveness of induction of labour in the group of patients with gestational diabetes
mellitus was evaluated by comparing maternal and neonatal
parameters in two populations: women who underwent
preinduction and/or induction of labour and not induced
women (Tab. 2).
A higher percentage of primiparas and more advanced
gestational week at delivery were noted in a group of patients who underwent induction of labour in reference to
a group of patient with spontaneous uterine contractions
(55.9% vs. 43.8%; 38.5 hbd vs. 37.2 hbd accordingly). However, this data showed no statistical significance. Moreover, the
occurance of preterm delivery was almost two-and-a-half
times higher in a population without induction of labour
(28.1% vs. 11.7%). Neonates of women undergoing induction weighted approximately 300 g more at birth than neonates of not induced women (3305.5g vs. 3040, 3 g; p < 0.05).
The induced population requested for epidural analgesia
two-and-a-half times more often (71% vs. 29%; p < 0.05)
than women with spontaneous contractions. Both of the
forementioned features bore statistical significance. Finally,
the induction of labour proved to have shortened the duration of the first stage of labour by more than 10 minutes
(275.91 min vs. 266.94 min) (Tab. 2).
The most crucial parameter to the analysis was the percentage of successful vaginal deliveries in both groups. The
ratio of vaginal deliveries` accomplished in the group of
induced women in comparison with the ratio of vaginal
deliveries` in the no-induction group was to answer the
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question whether induction of labour increased the risk of
caesarean section in the population of women with gestational diabetes mellitus. As the data collected in table no
5 indicate, the percentage of vaginal delivery was identical
in both groups — 75% of women undergoing induction of
labour, as well as 75% of women with spontaneous uterine
contractions delivered vaginally, while the remaining 25%
were qualified for intrapartum laparotomy. Therefore the
performance of preinduction and/or procedures did not
increase the risk of caesarean section in the population of
women with GDM.
Fetal hypertrophy (LGA > 90 pc.) was diagnosed in 2.5%
of fetuses (n = 5). A vast majority of newborns were born in
good condition (defined as Apgar score in the fifth minute
above or equal 8). In 8 newborns (2 delivered vaginally,
6 through caesarean section) Apgar score in fifth minute
was lower than 8. Nine newborns (4 delivered vaginally and
5 through laparotomy) required immediate intubation due
to respiratory failure. In the whole group not a single case
of shoulder dystocia or long bone fracture was observed.

DISCUSSION
Gestational diabetes mellitus continues to pose a substantial threat to both the mother’s and child’s health. Due
to its growing incidence and possibility of severe peripartum
complications, the optimal time and way of delivery in GDM
is broadly discussed in literature.
Different authors present contradictory data concerning the rate of caesarean section in GDM patients. Ovesen
et al. (2015) has recently published results of a research on
a group of 9014 GDM patients among whom the overall
rate of performed caesarean sections was 31% [13]; on the
contrary, the percentage of surgical deliveries obtained from
Wei et al’s. study of 2014 is essentially identical as in our
study (52.7% vs. 53%) [14]. We has also observed statistically
significant differences between caesarean section ratio in
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a group of patients with untreated GDM (59.7%) with regard
to treated gestational diabetes (48.4%) and control group
of women with normal glucose tolerance (47.6%). The cited
study was retrospective and limited to GDM defined as
FPG > 4.4 mmol/L [14]. Our study has shown a prevalence
of surgical deliveries in comparison to vaginal deliveries in
a ratio 53% to 47%. This imbalance was even more accentuated in the subpopulation of patients receiving insulin
therapy (7 out of 10 patients delivered via caesarean section). It is worth mentioning, however, that 70% of all the
performed laparotomies were elective procedures, many
of them associated with the presence of non-obstetrical
chronic diseases and risk factors. The most common indications for elective caesarean section in our study included:
lack of the patient’s consent for a vaginal delivery attempt
after one caesarean section in the past or a history of at
least two caesarean sections in the previous pregnancies
(49% of all elective indications). Interestingly, a typical indication for elective surgical intervention in gestational
diabetes pregnancies according to Polish Gynaecological
Society’s reccomendations [15], which is fetal macrosomia,
was observed in only a small percentage of patients (2.5%,
n = 5). Our study has identified high maternal pregestational
BMI value and advanced maternal age to be the strongest
predictors for caesarean section as final way of delivery.
Various publications provide ambiguous data as to
whether elective induction of labour at term is an effective
means to reducing the incidence of fetal macrosomia and
serious endpoint such as shoulder dystocia. The opponents
of this strategy point to an increase in risk of instrumental or
surgical intervention after implementation of these procedures [1, 16]. A big metaanalysis and systematic review from
2013 has shown, however, that in women with unruptured
membranes induction of labour at term was associated
with fewer surgical interventions [17]. Studies carried out by
Caughey et al. (2009) and Wood et al. (2014) were even more
optimistic and argued that induction is in fact a procedure
reducing the risk of caesarean section [16, 17]. Baslando
suggested that results obtained for induction in general
might not be applicable for a population of patients with
GDM, as his study has shown a significantly higher rate of
caesarean sections in women with GDM undergoing induction in relation to women without glucose metabolism
disorder undergoing the same procedures [1].
Optimal time for induction of labour is another disputable issue. A number of studies advocating superiority of
active management of peripartum period in women with
GDM suggested 38th week as the most favourable time to
perform induction and preinduction in terms of neonatal
complications [18–21]. Due to existing data that elective
induction of labour in patients with mild GDM does not
increase the risk of caesarean section until the end of the

40th gestational week, the most common recommendation
is to perform induction on qualified patients between 38th
and 40th gestational week [11, 22]. The importance of careful planning of this procedure was stressed in one of the
studies that showed that delaying induction until after 41st
gestational week has tripled the risk of caesarean section
when compared to induction in 39th week [16].
A new randomised study by Boulvain has recently emphasized the positive outcomes of elective induction of labour in women with GDM between 37th and 39th gestational
week. According to its authors, not only did performing
induction during this period of time lead to fewer cases of
shoulder dystocia and long bone fractured in newborns,
but it also improved the chances for vaginal delivery and
had no impact whatsoever on the risk of intrapartum caesarean section [11].
In 2011 a protocol for a prospective randomised trial
GINEXMAL aiming to evaluate the effectiveness of induction
of labour between 38th and 39th week of gestation as means
to reducing the risk of caesarean section was published. It
will provide the much needed, possibly deifinitive information on induction’s impact on maternal and neonatal
complications during partum [23].

CONCLUSIONS
The most important risk factors for surgical delivery
in the population of women with GDM include advanced
maternal age and increased pregestational BMI value. Our
study has shown that elective induction of labour does
not increase the risk for caesarean section in this group of
patients and constitutes a safe and effective peripartum
management strategy.
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