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Abstract

Background and aims

Diabetes during pregnancy — including pre-existing diabetes and gestational diabetes
mellitus (GDM) — is an increasing public health problem worldwide. The objective of
this thesis is to investigate the association between method of birth and the perinatal

outcomes of women with diabetes during pregnancy. It aims to:

e identify the main contributors to caesarean section amongst women with
diabetes using the Robson classification for caesarean section

e determine neonatal outcomes for babies born to women with diabetes by method
of birth

e compare the rate of obstetric anal sphincter injuries (OASIs) for women with
and without GDM and investigate the association between combining
episiotomy with method of birth and the risk of OASIs

e compare the perinatal outcomes for women giving birth with diabetes by public

and private hospital sector.

Materials and method

Four population-based studies were conducted using the New South Wales (NSW)
Perinatal Data Collection. The study population comprised 1,103,380 women who gave
birth in NSW between 2002 and 2013 and their babies. Of these women 7,200 (0.7%)
had pre-existing diabetes, 57,822 (5.2%) had GDM and 1,038,358 (94.1%) had no
diabetes. Women were stratified by onset of labour, method of birth, and birthweight.

Neonatal outcomes included perinatal death, five minutes Apgar score, admission to

XV



neonatal intensive care and/or special care nursery and neonatal resuscitation. The

primary maternal outcome was OASI.

Results

The total caesarean section rate was higher among women with pre-existing diabetes
(53.6%) and women with GDM (36.8%) compared to women without diabetes (28.5%).
Robson group five (multiparity with a history of caesarean section) was the main
predictor of the total caesarean section rates in all women. Of the 39,625 women with
diabetes who laboured, 32.1% had instrumental or caesarean births that were associated
with poorer outcomes. Women with GDM who had an instrumental vaginal birth and
gave birth to babies with birthweights >4000g had a significant increase in the odds of
OASIs compared to women without diabetes. Combining episiotomy and forceps was a
protective factor on OASIs. Similar proportions of no labour caesarean section were
observed among women with pre-existing diabetes in private and public hospitals.
Proportions of induction of labour were similar among women with GDM in private and

public hospitals.

Conclusion

The Robson classification can be used to benchmark and monitor method of birth for
women with diabetes. Information, education and counselling on the risks and
complications associated with different methods of birth, should routinely be provided

for women with diabetes antenatally.

xvi



Chapter 1: Introduction to this PhD thesis



1.1 Background

Diabetes during pregnancy, including pre-existing diabetes and gestational diabetes
mellitus (GDM), is an increasing problem worldwide (Hunt & Schuller 2007). Pre-
existing diabetes includes both type 1 and type 2 diabetes (American Diabetes
Association (ADA) 2014). GDM is glucose intolerance that is diagnosed for the first

time during pregnancy (ADA 2014; Nankervis et al. 2013).

The increase in the prevalence of diabetes during pregnancy parallels the increase of
both type 1 and type 2 diabetes and the rise in obesity in the general population
(Agarwal et al. 2018; ADA 2018; Australian Institute of Health and Welfare (AIHW)
2018). For example, there was a three-fold increase in the prevalence of diabetes among
the Australian general population between 1989-1990 and 2014-2015, with 1.5% of
women aged 18 to 44 years reported as having either type 1 or type 2 diabetes (AIHW
2018). Of women who gave birth in Australia in 2015, 1.1% had pre-existing diabetes

and 9.4% had GDM (AIHW 2017a).

Several comorbidities and adverse outcomes are associated with diabetes during
pregnancy, with both mothers and babies being affected. These morbidities and adverse
outcomes include congenital malformations, preterm birth, pre-eclampsia, fetal
macrosomia, shoulder dystocia, birth trauma, and perinatal mortality (stillbirth, neonatal
mortality). These complications are more common in women with pre-existing diabetes
and their babies than in women with GDM (ADA 2018; National Institute for Health

and Clinical Excellence (NICE) 2015).

Women with diabetes during pregnancy have a higher rate of birth interventions such as
caesarean section and induction of labour than women without diabetes (Shand et al.

2008). This may reflect the lack of agreement in national and professional society
2



guidelines around the recommended method of birth for women with diabetes, the
paucity of strong evidence, and a lack of practice consensus. Between 2005 to 2007,
more than half (59.2%) of women with pre-existing diabetes and 40.1% of women with
GDM who gave birth in Australia did so by caesarean section compared to 30.0% of

women without diabetes (AIHW 2010).

Several factors contribute to inconsistency in management guidelines for method of
birth for women with diabetes during pregnancy, including the different screening and
diagnosis criteria for GDM and the heterogeneity of outcome definitions. In addition to
the lack of the strong evidence, other factors can influence decisions around method of
birth, including institutional factors, maternal socio-demographic factors, and obstetric

characteristics.

Most of the literature on method of birth for women with diabetes during pregnancy are
small hospital-based studies (Acker, Sachs & Friedman 1985; Das et al. 2009; Langer et
al. 1991; Kolderup, Laros Jr & Musci 1997; Ecker et al. 1997; Conway & Langer 1998)
that have a narrow focus on shoulder dystocia and birth trauma such as brachial plexus
injury as their outcomes (Langer et al. 1991; Nesbitt, Gilbert & Herrchen 1998;
Athukorala et al. 2007; Gherman et al. 1997; Kolderup, Laros Jr & Musci 1997; Rouse
et al. 1996; Ecker et al. 1997; Conway & Langer 1998). Large population-based studies
are needed which focus on other perinatal outcomes, including baby and maternal

outcomes by method of birth.

1.2 Objectives

The main aim of this doctoral research was to investigate the association between

method of birth and perinatal outcomes of women with diabetes during pregnancy and



their babies. This includes investigating the impact of socio-demographic and obstetric

factors and other health service factors on method of birth and outcomes.

Four population-based studies were conducted to meet this aim. To demonstrate
pictorially the nature of each study, relevant summary diagrams are attached as Figures
1.1, 1.2, 1.3, and 1.4. These diagrams do not appear in the published articles. A fifth

summary diagram (Figure 1.5) encapsulates the connectedness of the four studies.

Study one: This study aimed to identify the main contributors to caesarean section
among women with diabetes and without diabetes during pregnancy using the Robson
classification (Robson 2001) and to compare within each Robson classification group
the caesarean section rates between women with diabetes (pre-existing and GDM)
during pregnancy and those without. The Robson classification for caesarean section is
a prospective classification based on women’s obstetric characteristics (Robson 2001).

See Figure 1.1.
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Figure 1.1: Caesarean section and diabetes during pregnancy: A New South Wales

population study using the Robson classification

Study two: This study aimed to compare adverse neonatal outcomes for live-born term
singletons in vertex presentation (TSV) born to mothers with diabetes during pregnancy

(pre-existing and GDM) by mode of birth-stratified by birthweight. See Figure 1.2.
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Figure 1.2: Neonatal outcomes of live-born term singletons in vertex presentation
(TSV) born to mothers with diabetes during pregnancy by mode of birth: A New
South Wales population-based retrospective cohort study

Study Three: This study aimed to compare the rates of obstetric anal sphincter injuries
(OASIs) between women who had GDM and women who did not have diabetes by
birthweight and method of birth. The second aim of the study was to investigate the
association between episiotomy and no episiotomy by specific method of birth (e.g.
episiotomy and non-instrumental vaginal birth vs non-instrumental vaginal birth;

episiotomy and instrumental vaginal birth vs instrumental vaginal birth, episiotomy and
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prelabour caesarean section vs prelabour caesarean section, and episiotomy and
intrapartum caesarean section vs intrapartum caesarean section) and the risk of OASIs

for women who had GDM and those who did not have GDM. See Figure 1.3.

Women who had a vaginal
birth

A 4 A 4

[ Macrosomic ] [ Non-macrosomic ]

Method of birth
1) Spontaneous vaginal
2) Forceps
3) Vacuum

\ 4

Obstetric anal sphincter
injuries

Figure 1.3: Obstetric anal sphincter injuries among women with gestational

diabetes and women without gestational diabetes: a NSW population-based cohort

study

Study four: This study aimed to compare birth interventions and adverse maternal and
neonatal outcomes between public and private hospitals for women with diabetes during

pregnancy who gave birth to live-born term singletons. See Figure 1.4.
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Figure 1.4: Birth intervention, maternal and neonatal outcomes for women with

diabetes during pregnancy giving birth in public and private hospitals.




Figure 1.5: presents an overview of the relationship of the four studies included in

this thesis.



1.3 Structure of this thesis

This thesis has eight chapters, each of which is briefly described here.

Chapter 1: Introduction

This chapter provides an introduction to the thesis, including background, rationale and

objectives of this research.

Chapter 2: Background and literature review

This chapter provides the background to diabetes during pregnancy and examines the
literature on method of birth for women with diabetes during pregnancy, outcomes of
women with diabetes during pregnancy and their babies, as well as factors affecting the

decision on method of birth for women with diabetes during pregnancy.

Chapter 3: Research methods

This chapter explains the methods used for this research.

Chapter 4: Study one

‘Caesarean section and diabetes during pregnancy: A New South Wales population
study using the Robson classification’ identifies the main contributor to the caesarean
section rate and compares caesarean section rates between women with diabetes and

women without diabetes using Robson classification.

Chapter 5: Study two

‘Neonatal outcomes of live-born term singletons in vertex presentation born to mothers
with diabetes during pregnancy by mode of birth: a New South Wales population-based

retrospective cohort study’ compares the rates of adverse neonatal outcomes by method
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of birth for live-born term singleton in vertex presentation born to women with diabetes

during pregnancy.
Chapter 6: Study three

‘Obstetric anal sphincter injuries among women with gestational diabetes and women
without gestational diabetes: A New South Wales population-based cohort study’
compares the rates of OASI among women with and without GDM by method of birth
and investigates the association between combine episiotomy with method of birth and

the risk of OASIs.
Chapter 7: Study four

‘Birth intervention, maternal and neonatal outcomes for women with diabetes during
pregnancy giving birth in public and private hospitals’ compares birth interventions and
perinatal outcomes for women with diabetes who gave birth in private hospitals and

those who gave birth in public hospitals.
Chapter 8: Discussion, conclusion and recommendations.

This chapter summarises the results of Chapters 4 to 7 and discusses these results in
relation to published research. This chapter concludes the thesis and recommends future

research.

1.4 Conclusion to the chapter

This chapter has introduced this PhD thesis. Chapter 2, the background and literature
review, provides the background to diabetes during pregnancy and examines the

literature on method of birth for women with diabetes during pregnancy. There will be
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some repetition of this literature in the four results chapters (Chapters 4 to 7) because

each includes a literature review.
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Chapter 2: Background and Literature Review
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2.1 Background

2.1.1 Definitions and aetiology:

Diabetes is metabolic disorder characterised by hyperglycaemia resulted from a
deficiency in insulin secretion or defect in insulin action or both (ADA 2014). Diabetes
in pregnancy includes both pre-existing diabetes and gestational diabetes mellitus

(GDM).

Pre-existing diabetes presents before pregnancy and continues after birth. It includes
both type 1 and 2 diabetes (American College of Obstetricians Gynecologists (ACOGQG)
2005). Type 1 diabetes occurs early in life, mainly in children and young adults, and is
characterised by an autoimmune process that destroys pancreatic beta cells leading to
the need for insulin (ACOG 2005; ADA 2014; NICE 2015). Type 2 diabetes is more
common than type 1 diabetes and is commonly diagnosed later in life; however, it is
increasingly appearing in the younger population (Dabelea et al. 2014). Type 2 diabetes
is characterised by insulin resistance, impairment in insulin release and hyperglycaemia

(Mclntyre et al. 2009).

GDM is defined as glucose intolerance that is diagnosed for the first time during
pregnancy (ADA 2014; Nankervis et al. 2013). GDM may include hyperglycaemia
induced by pregnancy or previously existing but undiagnosed hyperglycaemia
(Nankervis et al. 2013). In normal pregnancies, women increase their insulin secretion
to compensate for the insulin resistance of pregnancy. In women with GDM, however,
hyperglycaemia occurs due to inadequate insulin supply for normal blood glucose

regulation ( Tieu et al. 2017).
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In the majority of women, GDM resolves after pregnancy; however, women with a
history of GDM are at a higher risk of developing type 1 and type 2 diabetes in the
future (ADA 2014; Jarveld et al. 2006). In a hospital-based study conducted in Finland,
Jarveld et al. (2006) found that of women with GDM who had given birth to singleton
babies, 4.6% developed type 1 diabetes. This study identified several risk factors
associated with developing type 1 diabetes after GDM, including age < 30 years (odds
ratio (OR) 3.93, 95% confidence interval (CI) (1.01-15.34)), and need for insulin (OR
16.33, 95% CI (2.98-89.57)) (Jarvela et al. 2006). Results from a meta-analysis
conducted by Bellamy et al. (2009) showed that the relative risk of developing type 2
diabetes was 7.43, 95% CI (4.79-11.51) among women who had GDM compared to

those without a history of GDM (Bellamy et al. 2009).

Factors associated with an increased the risk of developing type 2 diabetes after GDM
include the use of insulin during pregnancy (Lee et al. 2007) and being an Indigenous
Australian woman (Chamberlain et al. 2016). Other factors associated with an increased
risk of developing diabetes after birth include being of an older age and developing

hypertension after the index birth (Feig et al. 2008).

2.1.2 Screening and diagnosis of GDM

There is a lack of international consistency in the guidelines used for screening and
diagnosis of GDM in different countries and over time (Tieu et al. 2017). In 1998, the
Australasian Diabetes in Pregnancy Society (ADIPS) recommended universal screening
of pregnant women 2628 gestational weeks using the Glucose Challenge Test (GCT)
(Hoffman et al. 1998). The diagnosis was made according to ADIPS guideline
published in 1991, which was based on modified World Health Organisation (WHO)

diagnostic criteria. The screening was considered positive if the women’s 1-hour venous
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plasma glucose level after non-fasting 50g glucose load was > 7.8 mmol/L or > 8.0 after
non-fasting 75g glucose load. If the screening was positive, confirmation of GDM
diagnosis was made if the women’s fasting venous plasma glucose level >5.5 mmol/L
or >8.0 mmol/L at 2 hours following 75g Oral Glucose Tolerance Test (OGTT)

(Hoffman et al. 1998).

In 2008, the Hyperglycemia and Adverse Pregnancy Outcome (HAPO) study was
published (HAPO Study Cooperative Research Group 2008). The HAPO study is a
large multinational prospective observational study that investigated the association
between maternal hyperglycaemia and adverse pregnancy outcomes among women with
hyperglycaemia less severe than diabetes. It found strong continuous associations
between maternal glucose levels below the cut-off of diabetes diagnosis and adverse
pregnancy outcomes. Following the publication of the HAPO study results, in 2010 the
International Association of Diabetes in Pregnancy Study Group (IADPSG) formulated
a new guideline for testing and diagnosis of GDM that recommended a diagnosis of

GDM if 75g OGTT test resulted in one or more of the following glucose measures

e fasting Plasma glucose >5.1 mmol/L
e one-hour plasma glucose > 10.0 mmol/L

e two-hour plasma glucose >8.5 mmol/L (IADPSG Consensus Panel 2010).

In 2013, ADIPS adopted the IADPSG diagnostic criteria as a recommended diagnosis
of GDM and published a new guideline that recommended screening of all pregnant

women at 24-28 weeks of gestation by a 75g OGTT.

For women with identified risk factors for GDM, ADIPS recommended a 75g OGTT at
the first opportunity after conception (Nankervis et al. 2013). The guideline identified

the following factors as being high-risk factors for GDM:
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e GDM in a previous pregnancy

e previously high blood glucose level

e being of Asian, Indian, Indigenous, Pacific Islander, Maori, Middle Eastern or
non-white African background

e maternal age greater or equal to 40 years

e a family history of diabetes

e Body Mass Index (BMI) >35 kg/m?

e previously given birth to a macrosomic baby (birthweight >4500g or >90
centile)

e women with Polycystic ovarian syndrome

e using medications such as corticosteroid or antipsychotics (Nankervis et al.

2013).

2.1.3 Prevalence of diabetes during pregnancy

Globally, 16.2% of live births are to women with some form of hyperglycaemia in
pregnancy. Of these, the majority (86.4%) are due to GDM and 13.6% are due to pre-
existing diabetes (International Diabetes Federation 2017). The increase in both pre-
existing diabetes and GDM is associated with the increase in a number of risk factors:
the rising prevalence of type 1 and type 2 diabetes in the general population; higher
rates of obesity; and the increase in the number of pregnancies in older women
(Khalifeh et al. 2014; NICE 2015). This increase is also associated with the increase in

screening and detection (Lavery et al. 2017).

In Australia, approximately 300,000 women give birth each year, with more than 10%
of these women having either pre-existing or GDM (1.1% pre-existing diabetes and

9.4% GDM) (AIHW 2017a). As in other parts of the world, the prevalence of diabetes
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in Australia has risen in parallel with the increasing risk factors such as obesity, less
physical activity and changes in the ethnic mix of the population (Shand et al. 2008).
For instance, there was a 22% increase in the age-standardised incidence rate of GDM
between 2000-2001 and 2005-2006 (Templeton & Pieris-Caldwell 2008), and for pre-
existing diabetes, there was an increase in the prevalence from 0.4% to 0.6%, which

represents an increase of 50% over a 10-year period (Abouzeid et al. 2014).

Prevalence of GDM in Australia using the new IADPSG recommended diagnostic
criteria

More women are likely to be diagnosed with GDM using the new diagnostic guidelines
based on IADPSG criteria (Nankervis et al. 2013). In 2011, a prospective study
performed in Wollongong a large town in New South Wales (NSW) found that the
prevalence of GDM increased from 9.6% using the old ADIPS criteria to 13.0% using
IADPSG criteria (Moses et al. 2011). Results of a sample from the public and the
private sector in Wollongong show that between 2012 and 2014 the prevalence of
diabetes in pregnancy was 13.1% with 0.4% being pre-existing diabetes and 12.7%
being GDM (Moses et al. 2016). Wollongong is known for its’ high level of compliance
with the universal testing of GDM (Moses et al. 2016) which explains the high

prevalence of GDM relative to the prevalence of GDM in Australia.

2.1.4 Outcomes of diabetes during pregnancy

As described in Chapter 1, diabetes in pregnancy is associated with adverse outcomes
during pregnancy, childbirth, and the longer-term for both mothers and infants
(Chamberlain et al. 2013). Diabetes in pregnancy complications are more likely to affect
women with pre-existing diabetes than those with GDM (Alwan, Tuffnell & West 2009;

Fong et al. 2014; Shand et al. 2008; Visser & De Valk 2015).
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Pre-existing diabetes

Women with pre-existing diabetes are at higher risk of developing gestational
hypertension than those without diabetes and more likely to experience microvascular
and macrovascular complications. Microvascular complications include retinopathy and
nephropathy (MclIntyre et al. 2009). Macrovascular complications, such as ischaemic
heart disease, which is a rare condition in pregnancy, affect around 1 in 10,000

pregnancies (Fayomi & Nazar 2007).

A Canadian study by Feig et al. (2014) shows that the risk of perinatal mortality is
higher among babies born to women with pre-existing diabetes than those born to
women without diabetes (Relative risk (RR) 2.33, 95% CI (1.59-3.43)) (Feig et al.
2014). Other national and international studies show that the prevalence of perinatal
mortality ranged from 0.2% to 3.9% among women with pre-existing diabetes type 1,
and 1.2% to 5.9% among women with pre-existing diabetes type 2 (Mclntyre et al.
2009). The risk of stillbirths is five times higher among women with pre-existing
diabetes compared to women without diabetes (Egan et al. 2015). Congenital
malformation is the main cause of death among infants born to women with pre-existing
diabetes (Mclntyre et al. 2009). Hyperglycaemia resulting from pre-existing diabetes
during embryogenesis is associated with an increase in the risk of congenital
malformations (Correa et al. 2008). A population-based study conducted in the north of
England by Bell et al. (2012) found that the risk of any major non-chromosomal
congenital malformation is three times higher among pregnancies with pre-existing
diabetes than those without diabetes (RR 3.8, 95% CI (3.2-4.5)) (Bell et al. 2012).

Major congenital malformations include:
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e cardiac malformation (dextrocardia, patent ductus arteriosis and ventricular
septal defect)

e musculoskeletal (caudal regression)

e central nervous system (spina bifida)

e ear, nose, and throat

e genitourinary (hypospadias complex) (Yang et al. 2006).

The risk of preterm birth is also higher among women with pre-existing diabetes than
those without diabetes. Results from a Canadian population-based study by Yang et al.
(2006) show that the risk of preterm birth is five times higher among women with pre-
existing diabetes compared to women without diabetes (Yang et al. 2006). In NSW
between 1998 and 2002, preterm births occurred in about 19.5% of liveborn babies born
to women with pre-existing diabetes compared to 5.2% among those born to women

without diabetes (Shand et al. 2008).

Fetal macrosomia and being large for gestational age (LGA) are the main adverse
outcomes that affect babies born to women with pre-existing diabetes (Wong et al.
2002). In France around 43% of babies born to women with pre-existing diabetes type 1
and 28.9% of those born to women with pre-existing diabetes type 2 are large for
gestational age, which is defined as birthweight greater than 90" percentile for a certain

gestational age (Billionnet et al. 2017).

Gestational diabetes

Pregnancies affected by GDM have a moderate increase in the risk of adverse perinatal
outcome compared to women without diabetes (Billionnet et al. 2017). Adverse
perinatal outcomes include pre-eclampsia, preterm birth, shoulder dystocia, high

birthweight, congenital malformation, and five minute Apgar score less than seven
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(Aviram et al. 2016; Billionnet et al. 2017; Buchanan, Xiang & Page 2012; Ovesen et
al. 2015). A national-study of all births in France in 2012, by Billionnet et al. (2017)
found that compared to women without diabetes, women with GDM are at a higher risk
of eclampsia or preeclampsia (adjusted odds ratio (AOR) 1.6, 95% CI (1.5-1.7)),
preterm birth (AOR 1.2, 95% CI (1.2-1.3)), asphyxia (AOR 1.2, 95% CI (1.1-1.3), LGA
(AOR 1.8, 95% CI (1.7-1.8)), cardiac malformation (AOR 1.2, 95% CI (1.1-1.3)), and
respiratory distress (AOR 1.3, 95% CI (1.2-1.3)). Results from this French study show
that for women with term pregnancies, there is a slight increase in the proportion of
perinatal mortality among those with GDM (0.21%) compared to women without

diabetes (0.15%) (AOR 1.3, 95% CI (1.1-1.6)) (Billionnet et al. 2017).

Both pre-existing diabetes and GDM are associated with an increase in the risk of
shoulder dystocia and birth trauma, particularly among macrosomic babies. (Billionnet
et al. 2017; Buchanan, Xiang & Page 2012; Visser & De Valk 2015). This will be

explored in detail in the next section of this chapter (literature review section).

Toward uniform definitions of diabetes during pregnancy-associated outcomes

In 2015, TADPSG published a systematic review (IADPSG et al. 2015). with the aim of
developing uniform definitions for the important and widely used outcomes in studies
of diabetes during pregnancy. These definitions will enable a comparison of research
findings and their conclusions. These definitions are widely used in the recently
published diabetes in pregnancy outcomes research (Abell et al 2019; Alessi et al 2018;

Bianchi et al 2018; Simmons et al 2018).

2.2 Literature review

This literature review aims to better understand the literature in relation to the following

factors: decisions around interventions among women with diabetes (induction of labour
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and method of birth); perinatal outcomes; and women’s demographics. The main
sources of the literature reviewed were online databases, including Scopus, PubMed,
Medline and Cochrane Library. The following keywords/mesh terms were used:
gestational diabetes, pregnancy in diabetes, diabetes mellitus typel, diabetes mellitus
type 2, hyperglycaemia, pregnancy outcome, caesarean section, labour, obstetric,
induced labour, fetal macrosomia, birthweight, low birthweight, large for gestational
age, small for gestational age, gestational age, obstetric labour complications,
episiotomy, perineum, laceration, obstetric anal sphincter injury, perineal trauma,
infection, wound infection, stillbirth, fetal death, neonatal death, perinatal death,
perinatal mortality, infant mortality, preterm birth, live birth, neonatal intensive care
units, neonatal intensive care, special care nursery, Apgar score, neonatal resuscitation,

resuscitation, congenital abnormalities, birth defect.

Other sites and sources for the literature review were individual websites for national
and regional obstetrics and gynaecology professional organisations and societies, and
diabetes during pregnancy societies such as ADIPS. In addition, many references cited
in the selected articles were included. Different types of articles selected for inclusion in
this literature review include randomised controlled trails, cohort studies, case-
controlled studies, case series studies, reviews, systematic reviews, and obstetric

guidelines.

2.2.1 Method of birth for women with diabetes during pregnancy

Women with diabetes during pregnancy have a higher prevalence of caesarean section
(Alwan, Tuftnell & West 2009; Feig et al. 2006). This practice occurs in the context of
no clinical consensus around the optimal method of birth for women with diabetes

during pregnancy and a lack of evidence to support the choice of elective caesarean
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section without other obstetric indications (Maso et al. 2014; Stuart, Matthiesen &

Killén 2011).

Guidelines for method of birth

There are number of national and professional society guidelines that use different
evidence and strength of recommendations on diabetes during pregnancy. There is no
internationally accepted guideline regarding the preferred elective method of birth for
women with diabetes during pregnancy. This reflects the lack of evidence and practice
consensus at an international level. Table 2.1 shows a range of national and
international guidelines for time and method of birth for women with diabetes during

pregnancy.
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Table 2.1: Guidelines for time and method of birth for women with diabetes

during pregnancy

Institution  Guideline Recommendation
(ACOG Pre-gestational A caesarean section may be considered if the
2005)* Diabetes Mellitus estimated fetal weight is greater than 4500g
. ) Women should be counselled regarding the risks
(ACOG Gestational diabetes . )
. and benefits of a scheduled caesarean section when
2018)* mellitus . )
the estimated fetal weight > 4500g
For women with diabetes caesarean section may be
(ACOG . | o
2016y Fetal macrosomia considered for suspected fetal macrosomia with an
estimated fetal weight of at least 4500g
Position statement /
Consensus guidelines _ ) )
ADIPS Induction of labour or operative delivery should be
for the management of _ o
2005 ' . based on obstetric and/or fetal indications.
patients with of type 1
and type 2 diabetes in
relation to pregnancy
Gestational diabetes _ ) o )
' Birth before full term is not indicated unless there is
ADIPS mellitus -- _ . ]
evidence of macrosomia, polyhydramnios, poor
1998 management _ o
o metabolic control or other obstetric indications
guidelines
Advise® pregnant women with type 1 or type 2
diabetes and no other complications to have an
elective birth by induction of labour, or by elective
caesarean section if indicated, between
NICE _ _ 37+0 weeks and 38+6 weeks of pregnancy.
Diabetes in pregnancy _ . _ _ )
2015 Advise®™ women with gestational diabetes to give

birth no later than 40+6 weeks, and offer
elective birth (by induction of labour, or by
caesarean section if indicated) to women who have

not given birth by this time

ACOG: American College of Obstetricians and Gynecologists. ADIPS: Australasian Diabetes in Pregnancy Society. NICE: National
Institute for Health and Care Excellence
(a) Level of evidence B: Recommendations are based on limited or inconsistent scientific evidence.

(b) Advise: the expert group are confident that the intervention do more good than harm to the majority of patients and be cost

effective.

Table 2.1 demonstrates that there are no strong recommendations regarding timing and

method of birth and that the recommendations were built on limited and inconsistent
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evidence. After reviewing published studies regarding timing and method of birth, the
NICE expert group concluded that the quality of the studies which compared pregnancy

outcome after elective birth or expectant birth was low and very low (NICE 2015).

The lack of strong and comprehensive guidelines regarding the optimal timing and
method of birth for women with diabetes during pregnancy most likely contributes to

the variations seen in current clinical practice.

Practice for method of birth

As previously described, there is no internationally accepted guideline around the best
method of birth for women with diabetes during pregnancy. This is compounded by a
lack of literature providing strong evidence to inform decision making around method
of birth (onset of labour and method of birth) and the risk or protective associations of
perinatal outcomes. Women with diabetes during pregnancy have a significantly higher
rate of intervention during pregnancy including both caesarean section and induction of

labour than women in the general population (Confidential Enquiry into Maternal and

Child Health (CEMACH) 2005).

In the UK in 2016, 64.7% of women with pre-existing diabetes type 1 and 56.9% of
those with type 2 diabetes gave birth by caesarean section, compared to 28% of women

in the UK general population (National Health Service 2017 ).

There have been no national studies in Australia on the indications for induction of
labour and method of birth for women with diabetes during pregnancy. The only
national report that provides information about method of birth is Diabetes in
pregnancy: its impact on Australian women and their babies (ATHW 2010), which
shows that 39% of women with pre-existing diabetes and 22% of women with GDM

gave birth without going into labour compared to 18% of women without diabetes.
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Moreover, 59.2% of women with pre-existing diabetes and 40.1% of women with GDM
gave birth by caesarean section compared to 30.0% of women without diabetes. This
ATHW report did not provide information on the onset of labour and method of birth by
gestation, and there were no analyses on the indication for caesarean section and
whether it was an intervention to minimise the risk of adverse perinatal outcomes for
women with diabetes. This is despite the rate ratio of the caesarean section being 1.97
and 1.33 among women with pre-existing diabetes and GDM respectively compared to

women without diabetes giving birth (AIHW 2010).

The differences between the guidelines listed in Table 2.1 may reflect the timing of the
guidelines, the available evidence, and expert opinion and practice. The practice for
method of birth can be affected by health service policies and behaviour of healthcare

professionals (NICE 2015).

It is therefore important to examine factors that can affect both onset of labour and
method of birth, and the related impact on perinatal outcomes for women with diabetes
during pregnancy. These will be examined in the following sections of the literature

review.

Fetal macrosomia

There is no international consensus on the definition of fetal macrosomia (ACOG 2016;
Boulet et al. 2003; Hong et al. 2009; Koyanagi et al. 2013). For example, fetal
macrosomia is defined as a birthweight greater than 4000g (Koyanagi et al. 2013),
4500g (Hong et al. 2009) and 5000g (Boulet et al. 2003). For babies born to women
with diabetes, macrosomia is defined as birthweight greater than or equal to 4000g

(IADPSG et al. 2015).
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Fetal macrosomia is associated with increased risks of interventions and adverse
outcomes for both mothers and babies. In its guideline “Fetal macrosomia”, The
American College of Obstetricians and Gynecologists (ACOG 2016) stratify the risk of
macrosomia in general obstetric population into three categories according to

birthweight:

e Birthweight between 4000 and 4499¢g is associated with an increase in the risk of
labour abnormality and neonatal complications (ACOG 2016).

e Birthweight between 4500 and 4999¢ is associated with additional risk of
maternal and neonatal morbidity (ACOG 2016).

e Birthweight equal to or greater than 5000g is associated with additional risk of

perinatal mortality (ACOG 2016).

Women with diabetes during pregnancy have a higher rate of macrosomia and LGA
babies than women without diabetes (Billionnet et al. 2017; CEMACH 2005; He et al.

2015; Shand et al. 2008; Wang et al. 2017).

Between 2002 and 2003 the rate of macrosomia (birthweight >4000g) among infants
born to women with pre-existing diabetes was 21% in England and Wales (CEMACH
2005). This rate was almost double the UK national rate of macrosomia (11.0%)

(CEMACH 2005).

Results from a USA study by Black et al. (2013) showed that the rate of birthweight >
4000g was 13.6% among singleton babies born to women with GDM compared to 7.7%
of those born to women without diabetes, and the Adjusted odds ratio (AOR) for LGA
was 1.96, 95% CI (1.43-2.68) (Black et al. 2013). Surprisingly, results from AIHW
(2010) national report showed that the age-standardised rate of macrosomia (birthweight

>4000g) among live-born babies born to women with GDM was lower than those born
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to women without diabetes (13.9%, 95% CI (13.2-14.6) vs (14.9%, 95% CI (14.1-15.6))
among male babies and (8.8%, 95% CI (8.3-9.4) vs 8.9%, 95% CI (8.4-9.5) among
female babies) (AIHW 2010). However, this difference was not statistically significant

as the 95% CI overlap for both male and female babies.

Shoulder dystocia and birth trauma

Macrosomia resulting from maternal hyperglycaemia is different from macrosomia
associated with other factors. Compared to macrosomic infants born to women without
diabetes, macrosomic infants of women with diabetes during pregnancy are
characterised by higher total body fat, greater upper extremities circumference, larger
shoulders and higher measurements for upper extremities skin fold. Macrosomic infants
of women with diabetes during pregnancy tend to have smaller head to abdominal
circumference ratio than those of women without diabetes (McFarland, Trylovich &

Langer 1998; Nasrat et al. 1997).

The difference in fetal body shape and higher fat deposit in the upper extremities are
responsible for the higher rate of shoulder dystocia among macrosomic infants of
women with diabetes during pregnancy than those of women without diabetes
(McFarland, Trylovich & Langer 1998). The relative risk of shoulder dystocia among
women with diabetes during pregnancy is 5.9, (95% CI (4.39-7.98) compared to women
without diabetes. As well, shoulder dystocia among women with diabetes was
associated with an increase the odds of perinatal mortality (OR 17.21, 95% CI (8.51-
34.83)), birth trauma (OR 15.47, 95% CI (8.17-29.28)), and a five minute Apgar score
less than seven (11.06, 95% CI (5.90-20.44)) (Langer et al. 1991). In a hospital-based
retrospective study, a similar conclusion was made by Acker, Sachs & Friedman.(1985),

who found that shoulder dystocia among women with diabetes was five times higher
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than among women without diabetes;(Acker, Sachs & Friedman 1985), however, this
study was subject to bias as there was no adjustment for potential confounders. Das et
al. (2009) found that 73.2 % of babies born to women with diabetes had at least one of
the adverse outcomes (birth injury, respiratory distress and hypoglycaemia) compared to
49.6% among babies born to women without diabetes (Das et al. 2009). In addition,
babies born to women with diabetes during pregnancy were more likely to stay in
hospital for more than three days than those born to women without diabetes (22.9% vs
14.2%). Due to the small sample size of this study (41 macrosomic babies to women
with diabetes and 262 macrosomic babies to women without diabetes) and rarity of the
outcome, composite outcomes were compared. Das et al (2009) did not find a
significant difference between the incidence of brachial plexus injury and fracture due

to the small numbers of these adverse outcomes.

In contrast, a significant difference in the rate of brachial plexus injury between infants
weighing 4000g or more who were born to women with GDM compared to those born
to women without diabetes (0.7% and 0.1%), respectively, was found in a California,
USA, study by Esakoff et al. (2009). In addition to brachial plexus injury, there was a
significant difference in the rate of shoulder dystocia and respiratory distress syndrome,
which were both higher among macrosomic infants born to women with GDM (Esakoff
et al. 2009). Esakoff et al's (2009) findings were consistent with an earlier study by
Langer et al. (1991) that found the rate of shoulder dystocia among macrosomic infants
born to women with diabetes during pregnancy was 14.7% compared to 4.4% for those

born to women without diabetes (Langer et al. 1991).

Infants born to women with diabetes during pregnancy with a birthweight range 3750—

4000g had the same risk of shoulder dystocia as that of infants weighing 4250-4500g
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who were born to women without diabetes (Nesbitt, Gilbert & Herrchen 1998). This
suggests that infants born to women with diabetes during pregnancy may have poorer
outcomes than infants born to women without diabetes even with the same birthweight.
This necessitates the need for specific advice on management for mothers with diabetes

during pregnancy who expect macrosomic babies.

It 1s not possible to draw a definitive conclusion regarding the outcome of infants born
to women with GDM during pregnancy due to the heterogeneity of the studies. For
instance, some of the studies analysed both pre-existing diabetes and GDM together
(Das et al. 2009; Langer et al. 1991; Nesbitt, Gilbert & Herrchen 1998). In addition,

there was no information about the diagnostic criteria of GDM.

2.2.2 Neonatal outcomes by method of birth

As described in the previous section, infants born to women with diabetes during
pregnancy are more likely to have shoulder dystocia than those born to women without
diabetes. The risk of shoulder dystocia is also associated with method of birth. Nesbitt,
Gilbert & Herrchen (1998) found that for women with diabetes during pregnancy the
risk of shoulder dystocia was higher among women who had instrumental vaginal birth
compared to those who had normal vaginal birth. Table 2.2 shows their results for

different birthweight groups (Nesbitt, Gilbert & Herrchen 1998):

Table 2.2: Proportion of shoulder dystocia by birthweight and method of birth for

women with diabetes during pregnancy

Proportion of shoulder dystocia

Birthweight (gram)
Normal vaginal birth Instrumental vaginal birth
4000 - <4250 8.4 12.2
4250 - <4500 12.3 16.7
4500 - <4750 19.9 27.3
4750 - 5000 23.5 34.8
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Consistent with the Nesbitt et al. (1998) results, Athukorala et al. (2007), found an
increase in the risk of shoulder dystocia among infants born to women with GDM who

had instrumental vaginal birth compared to those who had spontaneous vaginal birth

(RR 9.58, 95% CI (3.70-24.81)) (Athukorala et al. 2007).

Caesarean section is a method of birth that can be used for women with diabetes during
pregnancy to potentially reduce the risk of fetal hypoxia and labour complications
associated with macrosomia such as shoulder dystocia, brachial plexus injuries and
fractures (Garabedian & Deruelle 2010; Maso et al. 2014). However, not all birth
injuries can be prevented by caesarean section. For instance, brachial plexus injury can
happen in both vaginal births and caesarean sections (Alexander et al. 2006; ACOG
2014). This is supported by the results of a case series review of birth records of 17
cases of brachial plexus palsies after caesarean section, at the Los Angeles County
University of Southern California Women's Hospital (Gherman et al. 1997). Nine cases
that occurred after a complicated breech and two cases with difficult cephalic birth were
excluded. Six cases were identified after an uncomplicated caesarean section, and all
had evidence of persistent nerve root avulsion at one year of age (Gherman et al. 1997).
However, evidence to date shows the risk of injury remains lower following caesarean

section than for an instrumental vaginal birth (Kolderup, Laros Jr & Musci 1997).

Most birth injuries, such as neonatal fractures, heal spontaneously or with supportive
therapy, while others such as persistence brachial plexus palsy need surgical repair
(Garabedian & Deruelle 2010; Rouse et al. 1996). The longer-term outcomes of brachial
plexus injuries, including neurologic complications, range between 5% and 22% of
affected babies (Ecker et al. 1997). Therefore, iatrogenic brachial plexus injuries can

occur with caesarean section even though most will heal spontaneously. For this reason,
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the choice of performing caesarean to prevent birth injuries should be balanced against

the risks of the adverse outcome of caesarean section on both the mother and the baby.

To investigate the association between method of birth and persistent infant injury
(injuries clinically evident at six months of age), Kolderup, Laros Jr & Musci (1997)
reviewed 2,924 birth records for macrosomic infants (> 4000g). They found a
significant association between method of birth and the increase in the risk of birth
injury, and that instrumental vaginal birth by forceps was associated with around a
fourfold increase (RR 4.1, 95% CI (2.7-6.2)) in the risk of persistent injury compared to

spontaneous vaginal birth or caesarean section (Kolderup, Laros Jr & Musci 1997).

Researchers have studied the number of caesarean sections needing to be performed to
prevent one permanent birth injury. A decision analytic model to compare three policies
of the elective caesarean section for both women with diabetes during pregnancy and
women without diabetes was constructed by Rouse et al. (1996) The policies are: 1)
elective caesarean section without ultrasound estimation, 2) elective caesarean section
for estimated birthweight of 4000g or more, and 3) elective caesarean section for
estimated birthweight of 4500g or more. After a literature search, the rate of 6.7% was
used as a probability of permanent brachial plexus injuries to model the number of
caesarean section needed to prevent one permanent brachial plexus palsy. For women
without diabetes, 3,695 and 2,345 caesarean sections were needed for the 4500g and
4000g policies respectively, while for women with diabetes during pregnancy 443 and
489 caesarean sections were needed for the estimated birthweight of > 4500 and >

4000g, respectively (Rouse et al. 1996).

This Rouse et al. (1996) study was followed by the Ecker et al. (1997) study, which
used a wider range of rates of permanent brachial plexus injury for their model (5-22%)
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(Ecker et al. 1997). This study found that between 219 and 962 caesarean sections were
needed for women with diabetes during pregnancy to prevent one permanent brachial
plexus injury for the estimated birthweight > 4000g; and 91 to 400 caesarean sections

for the estimated birthweight > 4500g (Ecker et al. 1997).

As explained earlier, not all birth injuries can be prevented by caesarean section and the
number of caesarean sections needed to prevent one permanent birth injury is very high.
Pooling of studies and or contemporaneous large population-based studies are indicated
to estimate the number of caesarean sections needed to prevent birth injuries. This is
particularly relevant as the rate of macrosomia and LGA babies continues to increase
over time with the rising rates of obesity and diabetes in pregnancy internationally

(Abouzeid et al. 2014; Lahmann, Wills & Coory 2009; Surkan et al. 2004).

The literature on the association of method of birth on other neonatal outcomes such as
Apgar score, admission to neonatal intensive care unit, neonatal resuscitation, and
perinatal mortality is insufficient. Stuart, Matthiesen & Kéllén (2011) conducted a
population-based study to investigate the association between method of birth and
adverse neonatal outcomes among women with diabetes during pregnancy (Stuart,
Matthiesen & Kéllén 2011). The main outcome of the Stuart et al. (2011) study was five
minute Apgar score less than seven. The study found that babies born to mothers who
had an elective caesarean section at 38 weeks gestation had a lower risk of a five minute
Apgar score less than seven compared to those born at 39 weeks gestation or more,
regardless of their method of birth (AOR 0.51, 95% CI (0.28-0.90)) (Stuart, Matthiesen
& Kaéllén 2011). However, this study did not find a significant difference in the risk of
perinatal death between groups who had an elective caesarean section at 38 weeks and

those who continued to 39 weeks or more.
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Outcomes of routine induction of labour

The aim of planned induction of labour birth for women with diabetes during pregnancy
is to reduce the rate of fetal hypoxia, fetal macrosomia and shoulder dystocia (NICE
2015). However, it may also be associated with an increase in the rate of adverse
pregnancy outcomes such as caesarean section and fetal transient tachypnoea (Al-Agha

et al. 2010; NICE 2015).

In a recent randomised control trial, women with GDM were randomised to either have
induction of labour between 38+0 and 39+0 weeks gestation or expectant management,
with the main outcome of the study being caesarean section rate (Alberico et al. 2017).
The study did not find a significant difference in the incidence of caesarean section
between the induction of labour group and expectant management group (12.6% vs
11.8%, RR 1.06, 95% CI (0.64-1.77)) (Alberico et al. 2017). Nor did the study find a
significant difference in the secondary maternal outcomes, including postpartum
hemorrhage and perineal tears; admission to intensive care unit and maternal mortality;
neonatal outcomes birthweight > 4000g; five minute Apgar score less than seven;
hypoglycaemia; admission to NICU, and respiratory distress. The only significant
difference in neonatal outcome in the study was in the incidence of hyperbilirubinaemia,
which was significantly higher among the induction group (RR 2.46, 95% CI (1.11-
5.46)). This study (Alberico et al. 2017). was the only study included in the recently
published Cochrane systematic review of randomised trials that compared perinatal
outcomes by planned birth (induction or caesarean section) and expectant mangement at

term for women with GDM (Biesty et al. 2018).

Kjos et al.’s. (1993) randomised control trial found that expectant management not only

did not reduce the rate of the caesarean section, but it was associated with an increase in
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the rate of LGA babies with no significant increase in the rate of shoulder dystocia
(Kjos et al. 1993). However, this study was underpowered and did not show a difference
in the rate of maternal and neonatal morbidity because of the small number of women (n
= 200) included in the study. In addition, this study was considered to be of low quality
due to the lack of information on the randomisation process and whether it was affected

by potential confounders (NICE 2015).

To study the impact of time of induction of labour on perinatal outcomes, Worda et al.
(2017), included women with insulin controlled GDM in a study of randomised women
who had an induction of labour at 38 gestational age and those who had an induction at
40 weeks gestational age. This study did not find a significant difference in birthweight,
five minutes Apgar score, or admission to NICU. In addition, there was no significant
difference in the rate of caesarean section after induction of labour. However, babies
born to women who had induction of labour at 38 weeks were at a higher risk of
developing hypoglycaemia (RR 2.14, 95% CI (1.02-4.49)) (Worda et al. 2017). Several
other observational studies have investigated the association of induction of labour with
the risk of caesarean section. The results of these observation studies are summarised in

Table 2.3.
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Table 2.3: Published observation studies that investigate the effect of induction of

labour on caesarean section rate

Authors Study Pre- GDM diagnosis test Conclusion
and’s design existing
name, diabetes/
year GDM
(Melamed retrospe  GDM 50g GCT? Induction of labour at 38
et al. ctive or 39 weeks associated
2016) populati with a reduction in risk of
on- caesarean section
based compared to expectant
study management
Induction at 39 weeks
may associate with an
increase in the risk of
admission to NICU
(Bas-lando retrospe  GDM 50g GCT? Higher rate of caesarean
et al. ctive section after induction
2014) case— among women with GDM
control compared to non-diabetic
matched mothers
study, a non-significant
based difference in the rate of
maternal outcomes
(Suttonet seconda Mild 100g OGTT" Induction of labour in
al. 2014) ry GDM women with mild GDM
analysis does not increase the rate
multicen of caesarean section at
tre RCT <40 weeks’ gestation. No
difference in composite
perinatal outcome®
(Alberico  retrospe  GDM 50g GCT* No significant difference
et al. ctive in the rate of caesarean
2010) cohort section or macrosomic
study infants
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(Levy et retrospe  Both - Induction of labour was

al. 2002) ctive not an independent risk
cohort factor for caesarean
study section

(a) Glucose Challenge Test
(b) Oral Glucose Tolerance Test
(c) Includes one of the following outcomes hypoglycaemia, hyperbilirubinemia, respiratory distress syndrome and birth trauma

It 1s not possible to draw a definitive conclusion from the studies included in Table 2.3
due to heterogeneity of these studies. For example, Levy et al. (2002) included both pre-
existing diabetes and GDM in the analysis and their study did not differentiate between
labour and no labour caesarean section, (Levy et al. 2002) while Alberico et al.(2010)
had selection bias with a significantly higher rate of very obese women in the elective
birth group (Alberico et al. 2010). Other major forms of heterogeneity included the
inclusion thresholds of gestational diabetes; gestational age(s); and comparison groups.
Bas -Lando et al. (2014), for instance, compared women with diabetes to women

without diabetes (Bas-lando et al. 2014).

Conway et al.(1998) evaluated a protocol that was introduced in 1993 to include
ultrasonographically estimated fetal weight into the management decisions on timing
and method of birth for women with diabetes during pregnancy (Conway & Langer

1998). These protocols included three recommendations:

e Ifestimated fetal weight was approperiate for gestational age, expectant
management was recommended

o Ifestimated fetal weight was greater or equal to 4250g, an elective caesarean
section was performed

e Ifestimated fetal weight was LGA but it less than 4250g, an induction of labour

was performed.
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Conway & Langer (1998) study showed a significant reduction in the rate of shoulder
dystocia and a significant increase in the rate of caesarean section between the period
before the introduction of the protocol in 1993 and the period after the introduction of

the protocol (Conway & Langer 1998).

2.2.3 Timing of induction of labour

In a population-based longitudinal study by Hod et al (1998), three policies in three
different time periods for management of women with GDM were compared. The
policy of combining desired mean maternal glycaemia < 5.3 mmol/l; caesarean section
for estimated weight 4000g; and induction of labour at 38 weeks gestation for LGA was
associated with significant decreases in macrosomic and LGA births without a

significant change in the rate of caesarean section (Hod et al. 1998).

In contrast, Peled et al. (2004) concluded that good glycaemic control and early
induction of labour could improve perinatal outcomes, including shoulder dystocia and
perinatal mortality. However, induction of labour was associated with significant

increase in the rate of caesarean section (Peled et al. 2004).

As can be seen, there is no strong evidence to support the elective caesarean section for
women with diabetes and no evidence to support the optimum timing of induction of

labour. There is a need for further evidence at a population-based level. Evidence from
published literature in this area is of largely low level, with small or very small sample

sizes mostly used.

2.2.4 Maternal outcomes

The decision-making process around timing and method of birth for women with

diabetes during pregnancy should include an assessment of the risk of maternal
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morbidity and mortality. The literature shows that women with diabetes have a higher
risk of labour and perinatal and long-term complications compared to women without

diabetes.

In NSW, Shand et al (2008) found that compared to women without diabetes, the odds
of a third- or fourth-degree perineal tear among women with pre-existing diabetes and
GDM are 1.70, 95% CI (0.94-3.01) and 1.43, 95% CI (1.24-1.65) respectively; the odds
of admission to intensive care unit (ICU) are 9.08, 95% CI (5.89-13.89) and 1.89, 95%
(CI 1.45-2.47), respectively; and the odds of readmission to hospital more than 10 days
after birth are 6.13, 95% CI (4.57-8.20) and 1.30, 95% CI (1.09-1.54) respectively
(Shand et al. 2008). In a population-based study in NSW, Ampt et al. (2013) found a
24% increase in the odds of third-and fourth-degree perineal tear among multiparous
women with diabetes during pregnancy compared to women without diabetes (AOR
1.24,95%CI (1.07-1.44). They also found that for women without diabetes,
instrumental vaginal birth was associated with an increase in the odds of third- and
fourth-degree perineal tear (Ampt et al. 2013). Moreover, results from a hospital-based
study in Northern California show that giving birth to a baby with birthweight between
4000-4499¢g was associated with an increase in the odds of fourth-degree perineal tear
(AOR 2.45, 95% CI (2.16-2.79)), the odd ratios of fourth-degree perineal tear increased
with the increase in birthweight (4500-4999g, AOR 4.24, 95% CI (3.30-5.43) and ( >

5000g, AOR 7.27 95% CI (3.58-14.75)) (Stotland et al. 2004).

There is an association between caesarean section and the increase in the risk of adverse
maternal outcomes, including immediate risks such as infection, haemorrhage, risks
from anaesthesia and mortality, delay risks such as thromboembolism, delayed

recovery, and hospital readmission (D’Souza & Arulkumaran 2013).
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Davies et al (2010) found pre-existing diabetes and GDM are more prevalent in obese
women. The adjusted odds ratio of developing GDM in obese women (BMI 30-34.9) is
(2.6, 95% CI (2.1-3.4)), and in the morbidly obese (BMI > 35) it is (4.0, 95% CI (3.1-
5.2)). Obese women with diabetes during pregnancy who undergo caesarean section are
at higher risk of wound infection (OR 9.3, 95% CI (4.5-19.2)) and the rate of serious
wound complication is 12% (Davies et al. 2010). Among obese women who undergo
elective caesarean section, obesity is an independent risk factor for postoperative
infection and endomyometritis even with the prophylactic administration of antibiotics

(Myles, Gooch & Santolaya 2002).

Maternal outcomes by method of birth for women without diabetes have been
investigated in population-based studies, for example, Bjorstad et al. (2010).
Population-based studies are needed to investigate maternal outcomes by method of
birth for women with diabetes during pregnancy. Specifically, there is a gap in the
literature regarding the maternal outcome for women with diabetes during pregnancy

after a vaginal birth and after a no labour caesarean section.

2.2.5 Factors affecting decision around onset of labour and method of

birth

Institutional effect

Birth intervention, including method of birth, is influenced by institutional practice. In
Australia, there are two primary institutional settings where maternity care is delivered
— the public hospital and the private hospital. Previously published population-based
studies in Australia have shown that obstetric interventions are higher in private
hospitals than in public hospitals (Dahlen et al. 2012; Dahlen et al. 2014; Einarsdottir et

al. 2013; Robson, Laws & Sullivan 2009). Using the Australian National Perinatal Data
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Collection, Robson, Laws and Sullivan (2009) found that rates of both caesarean section
and instrumental vaginal birth were higher among women who gave birth in private
hospitals compared to those who gave birth in public hospitals (Robson, Laws &
Sullivan 2009). A population-based study in NSW by Dahlen et al. (2012) found that,
compared to low-risk women who gave birth in public hospitals, low-risk primiparous
and multiparous women who gave birth in private hospitals had a higher rate of
caesarean section (primiparous 27% vs 18%, multiparous 27% vs 16%), instrumental
vaginal birth (primiparous 29% vs 18%, multiparous 7% vs 3%), induction of labour
(primiparous 31% vs 23%, multiparous 29.5% vs 18.4%) and episiotomy (primiparous
28% vs 12%, multiparous 8% vs 2%). This study also found obstetric interventions in
private hospitals was almost doubled from the period between 1996/1997 and
2000/2008, while there was steady increase of these interventions in public hospitals
(Dahlen et al. 2012). Similarly, a population-based study in Western Australia by
Einarsdottir et al (2013) showed a significantly higher rate of obstetric interventions in
private hospitals compared to public hospitals (no labour caesarean section 25.2% vs

18.0%, induction of labour 36.5% vs 26.9%) (Einarsdottir et al. 2013).

Between 1998 and 2002, 16% of women with diabetes during pregnancy gave birth in
NSW private hospitals and 84% gave birth in public hospitals (Shand et al. 2008). To
date no published study in Australia has examined the rate of obstetric interventions and
perinatal outcomes among women with diabetes during pregnancy in private and public

hospitals. This will be examined in Chapter 7 of this thesis.

The influence of maternal socio-demographic factors
The association between maternal socio-demographic factors and diabetes in pregnancy

and perinatal outcome have been examined in the literature. The rate of GDM differs by
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maternal country of birth. In Sweden, the highest rate of GDM was found among
women born in Africa, followed by women born in Asia, compared to women born in
Nordic countries (2.9%, 2.5% and 0.7% respectively) (Fadl, Ostlund & Hanson 2012).
Interestingly, these researchers did not find a significant difference between the rate of
caesarean section and the rate of shoulder dystocia between Nordic and non-Nordic
born mothers (Fadl, Ostlund & Hanson 2012). A similar population-based, cross
sectional study in Victoria, Australia, (Carolan et al. 2012). adds further evidence to the
differential risk of GDM by maternal country of birth. They found women born in Asia
had the highest rate of GDM at 11.5% compared to 3.7% among women born in

Australia.

In results comparable with those of the Victorian study, a population-based cohort study
in NSW found that compared to women born in Australia and New Zealand, women
born in south Asia had the highest risk of developing GDM (OR 4.22, 95% CI (4.01-
4.44)) followed by women born in northeast and southeast Asia (OR 3.24, 95% CI
(3.16-3.34)) (Anna et al. 2008). Similar results were found by Dahlen et al. (2015), ina
study conducted at Blacktown Hospital in NSW: non-Australian born women had a
higher rate of GDM (13.7%) compared to Australian born women (6.8%) (Dahlen et al.

2015).

Age i1s a strong risk factor for GDM (Carolan et al. 2012). Women with GDM are more
likely to be older than women without GDM; the average age for women with GDM is

30.8 years compared to 28.7 years for women without GDM (Abouzeid et al. 2015).

Low socioeconomic status is also a risk factor for GDM, with women living in the most
deprived areas more likely to have GDM than women living in less deprived areas
(Abouzeid et al. 2015). Moreover, living in the two lowest areas of deprivation
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increased the risk of developing GDM (OR 1.74, 95% CI (1.69-1.80)) and 1.65, 95% CI

(1.60-1.70)) compared to living in the highest quartile area (Anna et al. 2008).

2.2.6 Summary of the literature review and identified gaps in the

literature

There is a high prevalence of induction of labour and no labour caesarean section
among women with diabetes during pregnancy. There is inconsistency in the national
and international professional guidelines regarding the recommended method of birth
for women with diabetes during pregnancy. Several factors can affect the choice of
method of birth for women with diabetes during pregnancy, including maternal
sociodemographic factors, institutional factors, and complications such as high
birthweight, shoulder dystocia, and birth trauma. The literature is inconsistent regarding
the effect of method of birth on neonatal and maternal outcomes. A number of studies
suggest elective births, either by induction of labour or caesarean section before labour,
can be associated with a reduction in the rate of adverse neonatal outcomes. Most of
these studies focused on shoulder dystocia and birth trauma. Only a few studies
investigated the association between performing no-labour caesarean section on other
neonatal outcomes such as five minute Apgar score, admission to NICU/SCN, and

neonatal resuscitation.

Most of the studies that investigated the association between method of birth and
perinatal and maternal outcomes are hospital-based studies with small sample sizes and
are more than 20 years old and reflect the demographic and risk profile of the times as

well as the models of care which may no longer be relevant today.

The literature on method of birth for women with diabetes during pregnancy shows the

more than 85% of the studies that investigate the association between method of birth
43



and perinatal outcomes are published between 1985 and 2010 (Acker, Sachs &
Friedman 1985; Athukorala et al. 2007; Ecker et al. 1997; Garabedian & Deruelle 2010;
Kolderup, Laros Jr & Musci 1997; Langer et al. 199; Nesbitt, Gilbert & Herrchen 1998;
Rouse et al. 1996). Although these studies are published 20-30 years ago, they were
core evidence regarding the association of method of birth for women with diabetes
during pregnancy and perinatal outcomes. For example, four of these studies have been
cited in the recently published ACOG guideline Gestational Diabetes Mellitus (2018):
Acker, Sachs & Friedman 1985 (Evidence level 11-3), Langer et al. 1991 (Evidence
level 11-3), Nesbitt, Gilbert & Herrchen 1998 (Evidence level I11) and Rouse et al. 1996

(Evidence level 11-3).

The literature review of this thesis identified one population-based study (Stuart,
Matthiesen & Killén 2011) that was published after 2010. This study investigated the
association between method of birth and perinatal outcomes including Apgar score and

perinatal death Stuart, Matthiesen & Kéllén 2011).

The lack of current literature and the rarity of adverse maternal and perinatal outcome
indicates the need for large population-based studies to investigate maternal and

perinatal outcome by method of birth for women with diabetes during pregnancy.

2.3 Rationale for the thesis

As mentioned in Chapter 1, this thesis includes a series of four population-based studies
that aimed to address some of the gaps in the literature about method of birth for women
with diabetes during pregnancy. Using the NSW Perinatal Data Collection (PDC), these
studies will provide evidence-based results to help inform the choice of method of birth

for women with diabetes during pregnancy. Overall, this research will inform the

association between method of birth and maternal and neonatal outcomes for women
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with diabetes during pregnancy giving birth in NSW. It will contribute to the body of
knowledge of diabetes during pregnancy and provide information for women, maternity
clinicians, policy makers and governments to assist health service planning and joint
decision making around method of birth for women with diabetes during pregnancy.

The intention of each study will now be briefly described.

Study one (Chapter 4): Caesarean section and diabetes during pregnancy: An

NSW population study using the Robson classification.

The Robson classification for caesarean section is a classification that “is totally
inclusive and mutually exclusive” (Betran et al. 2014). It is clinically relevant and
prospective, it is based on parity, previous caesarean section, gestational age, onset of
labour, fetal presentation and number of fetuses (Betran et al. 2014). The Robson
classification allows the comparison of caesarean section rate subgroups as well as the
contribution of caesarean section in each group to the total caesarean section rate. In this
study, the use of Robson classification to classify caesarean section among women with
diabetes during pregnancy who gave birth in NSW will provide population evidence on
the main contributor to the high rate of caesarean section among women with diabetes
during pregnancy. The second part of the study will compare the rate of the caesarean
section between women with diabetes during pregnancy (pre-existing and GDM) and

women without diabetes within each group of Robson classification.

Study two (Chapter 5): Neonatal outcomes of live-born term singletons in vertex
presentation born to mothers with diabetes during pregnancy by mode of birth: a

New South Wales population-based retrospective cohort study

This study will investigate the association of method of birth with adverse neonatal

outcomes for macrosomic and non-macrosomic term singletons in vertex presentation
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born to women with diabetes during pregnancy (pre-existing and GDM). The main
outcomes of the study will be five minute Apgar score less than seven, admission to
NICU/SCN, and the need for neonatal resuscitation. This study will provide population
evidence on the association of method of birth and adverse neonatal outcomes. It will
help inform decisions around method of birth for women with diabetes during

pregnancy.

Study three (Chapter 6): Obstetric anal sphincter injuries among women with
gestational diabetes and women without gestational diabetes: a NSW population-

based cohort study.

The decision around method of birth should take maternal outcomes into account. This
study will investigate the rate of third- and fourth- degree perineal trauma among
women with GDM who gave birth vaginally. It will provide population evidence on the
association of birthweight and method of birth (spontaneous vaginal or instrumental

vaginal) on the maternal outcome.

Study four (Chapter 7): Obstetric interventions among women with diabetes

during pregnancy who gave birth in public and private hospitals.

Previously published studies conducted on the childbearing population in Australia
showed that obstetric interventions are higher among women who give birth in private
hospitals than those who give birth in public hospitals. However, there is no published
population-based study that has examined the differences in these rates among women
with diabetes during pregnancy who give birth in public and private hospitals. This
population-based study will provide population evidence around the differences in the
rate of interventions between public and private hospitals and its association with

perinatal outcomes for women with diabetes during pregnancy. It will determine the
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effect of hospital sector on the choice of method of birth for women with diabetes

during pregnancy.
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Chapter 3: Research methods
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This chapter provides summary information on the study design, study population and
data used in this PhD research. It also provides information on data analysis and ethics
approval. Some details on study population and data analysis are also provided in each

result chapter (Chapters 4 to 7).

3.1 Choosing the study design

Properly designed Randomised Controlled Trials (RCT) provide the highest level of
evidence (Level I) (ACOG 2018). However, due to ethical consideration, the RTC study
design is not feasible or appropriate for the research questions of this thesis. Well-
designed Observational studies can provide similar impact to RCT (Song & Chung
2010). They provide level II-2 evidence (ACOG 2018). A cohort study design provides
the second level of evidence after a RCT (Burns, Rohrich & Chung 2011). Cohort
studies can be prospective or retrospective (Song &Chung 2010). The advantages of a
retrospective cohort study design are 1) suitable for investigating rare exposure and
multiple outcomes, 2) it can calculate disease rates in both exposed and unexposed

groups over time 3) inexpensive (Song &Chung 2010).

Cohort studies using population data are increasingly used and relied upon to influence
decision making and change health policy (Hershman & Wright 2012). Using
population health data provides real experience and facilitates generalisability of the
results (Morrato, Elias & Gericke 2007). Additionally, it provides answers to questions
on the effect of the public health issue and the effective intervention to reduce the effect
(Morrato, Elias & Gericke 2007). These studies have the advantages of a large sample
size and, long term follow up with minimal cost (Hershman & Wright 2012). However,
observational studies using population data have limitations such as missing some

important variables that are associated with the outcome, as explained later in this
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chapter. Another limitation is the inability to balance knowing and unknowing
confounders may result in error in the interpretation of the result (Hershman & Wright
2012). To reduce the effect of knowing confounders in the analysis of this thesis, a
regression model was used to adjust for knowing confounders. A regression model is
the preferred/ predominantly used approach for adjustment for confounding in health

research (Hershman & Wright 2012).

3.2 Study design

A population-based retrospective cohort study

3.2 Study population

Study one: All women who gave birth in New South Wales between 1 January 2002

and 31 December 2012.

Study two: All live-born term singletons in vertex presentation born in NSW to
mothers with diabetes during pregnancy (pre-existing diabetes and GDM) between 1

January 2002 and 31 December 2012.

Study three: All women with GDM and women without GDM who gave birth
vaginally with cephalic presentation in NSW between 1 January 2007 and 31 December

2013.

Study four: All women with diabetes during pregnancy (pre-existing diabetes and
GDM) who gave birth to term singletons in NSW between 1 January 2002 and 31

December 2012.

The study populations will be discussed in detail in the relevant chapters.
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3.3 Data

A research extract from the NSW PDC was used in this PhD research. The NSW PDC

is a population-based surveillance system that includes all births occurring in NSW
public and private hospitals, and home births. It includes all live births and stillbirths of
at least 20 weeks gestational age or at least 400 grams birthweight. The PDC data
collection began in 1987 and has been operated continuously since 1990 (The Centre for

Health Record Linkage (CHeReL) 2018).

For every birth that occurs in NSW a PDC notification form (paper or electronic form)
is completed by birth attendance midwife or medical practitioner. This PDC notification

form includes:

e maternal demographic characteristics such as maternal age, country of birth, and
smoking status

e the woman’s obstetric history, including the number of previous pregnancies,
number of previous caesarean sections and if a caesarean section occurred in the
woman’s last birth

e maternal medical and obstetric conditions such as pre-existing and pregnancy-
related hypertension and pre-existing diabetes and gestational diabetes

e labour and birth information such as the onset of labour (spontaneous or
induction of labour) and method of birth

e outcomes such as birthweight, gestational age, Apgar score, admission to

neonatal intensive care unit or special care nursery and perinatal death type

(CHeReL 2018).

After completion, PDC notification forms are sent to the Data Integrity and Governance

Unit, Information Management and Quality, in the Health System Information and
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Performance Reporting Branch of the NSW Ministry of Health. From here the data are
checked, validated and compiled into the statewide PDC. Each baby has a unique record

in the PDC, even in the case of multiple births (CHeReL 2018).

The NSW PDC includes birth notifications that occur in NSW, including those of
women whose usual place of residence is outside NSW and who give birth in NSW.
Notifications of interstate births to a mother resident in NSW are not included in the

dataset (CHeReL 2018).

3.3.1 Number of women reported in the NSW PDC during the study
period

During the period analysed (2002 to 2013), the NSW PDC shows that 1,103,380 women
gave birth in NSW. Figure 3.1 shows the number of women who gave birth in NSW
between 2002 and 2013 and the proportion of women with pre-existing diabetes and
women with GDM. For consistency and due to the sudden change in the proportion of
women with pre-existing diabetes between 2012 and 2013, as shown in Figure 3.1, the

studies in this thesis that included pre-existing diabetes were limited to the period from

2002 to 2012.
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Figure 3.1: Proportion of women with pre-existing diabetes, women with GDM

and number of total women included in NSW PDC 2002-2013

3.3.2 Validation Studies on the NSW PDC

NSW PDC is a dataset that is validated by several published studies. Below is a list of

validation studies on the NSW PDC relevant to this thesis.

Ampt et al (2013): In this study, records from the NSW PDC were randomly selected to
form the PDC sample, which was compared with medical records of corresponding
patients. The study found that dichotomised, perinatal outcomes variables such as
birthweight, gestational age, Apgar score, perineal trauma and birth status are reported
in NSW PDC with high reliability (Kappa values 0.95-1.00), high accuracy (Positive
Predictive value >96%) and a high level of ascertainment (sensitivities >94%) (Ampt et

al. 2013).

Lam (2011): In this study, birth records from NSW PDC were assessed against to the
Admitted Patient Data Collection (APDC) for births that occurred in 2005. The study

found that for birth outcome variables, 95% of matched records were coded consistently
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between APDC and PDC. For mother and baby discharge status, 99% of matched

records were coded consistently (Lam 2011).

Chen et al. (2010): This study used longitudinal linkage of the PDC (from 1998 to
2005) and APDC (from 2000 to 2005). The linked data were used as a gold standard to
validate a history of caesarean section including the last birth by caesarean section (yes/
no) and number of previous caesarean sections in the PDC data. The study found that
the reported last birth by caesarean section and number of previous caesarean section in
the PDC had high (> 95%) sensitivity, specificity, positive predictive value (PPV) and

negative predictive value (NPV) (Chen et al. 2010).

Roberts et al. (2009): In this study, labour and birth events from PDC were compared to
data from a population-based validation study as a gold standard. The study found that
with the exception of augmentation of labour, the reporting of PDC to labour and birth
events was reliable and accurate and can be used in evaluation of obstetric care (Roberts

et al. 2009).

3.3.3 Limitations of the NSW PDC related to this thesis

Reporting of GDM

Chen et al. (2012) investigated the prevalence of GDM, pre-eclampsia and pregnancy
hypertension in PDC, APDC alone, linked PDC and APDC, antenatal hospitalisation
records, and PDC plus all hospital records. The study also investigated the effect size
(odds ratios) on outcomes and found that the prevalence of GDM, pre-eclampsia and
pregnancy hypertension was higher in the linked datasets than PDC or APDC alone. For
instance, the prevalence of GDM among primiparous women was 4.4% in PDC, 5.0%
in APDC and 5.6% in linked PDC and APDC. In multiparous women the prevalence of

GDM was 4.6%, 5.3% and 6.1% respectively. For primiparous women there was no
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significant difference in the effect size of GDM on small for gestational age (SGA),
LGA and caesarean section between the PDC and the linked PDC and APDC datasets
(difference in odds ratios < 5%), However, there were some differences in odds ratios of
preterm birth and induction of labour. (Chen et al. 2012). Odds ratios and 95%
confidence intervals of GDM on neonatal outcomes from different datasets are

presented in Table 3.1.
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Table 3.1: Odds ratios and 95% confidence intervals of GDM on neonatal
outcomes from different datasets stratified by parity

(Chen et al. 2012)

Data source OR (95% CI)
SGA or LGA Preterm birth  Caesarean section Induction

Primiparous

PDC 1.09 (0.96-1.24) 1.19 (1.05-134)  1.44 (1.34-1.54) 2.40 (2.24-2.57)

APDC 1.04 (0.92-1.18) 1.30 (1.16-1.46) 1.56 (1.46-1.67) 2.11 (1.98-2.25)

PDC &

APDC 1.04 (0.93-1.17) 1.33(1.20-1.48) 1.50 (1.40-1.59) 1.98 (1.86-2.10)
Multiparous

PDC 1.38 (1.28-1.50) 1.29 (1.16-1.44) 1.41 (1.33-1.50) 2.23 (2.11-2.37)

APDC 1.38 (1.28-1.48) 1.44 (1.31-1.59) 1.52(1.43-1.60) 1.97 (1.86-2.09)

PDC &

APDC 1.34 (1.25-1.44) 1.37 (1.25-1.50) 1.50 (1.42-1.58) 1.81 (1.72-1.91)

Moreover, Bell et al. (2008) compared information on diabetes (pre-existing and GDM
of 1200 women who gave birth in NSW in 2002 from PDC, APDC and medical records.
The study found that APDC report diabetes with higher sensitivity and accuracy than

PDC (Bell et al. 2008).

Inconsistency in reporting some of the variables

In 2006, changes occurred in the way that some of the variables were recorded in the
NSW PDC. For example, recording of perineal status was changed from ‘Intact, 1st
degree tear/graze, 2nd degree tear, 3rd degree tear, 4th degree tear, Episiotomy,
Combined tear and episiotomy and Other’, to ‘Intact, 1st degree tear/graze, 2nd degree
tear, 3rd degree tear, 4th degree tear and Other’. The main difference between the two
ways of recording is that before 2007 it was not possible to identify degree of tear for
those who had episiotomy because all combined tear and episiotomy were in one

category. As well, new variables were included in the data such as ‘Post-partum
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haemorrhage requiring blood transfusion’. For consistency, 2007 marks the beginning

of the study three period and the maternal outcomes in study four.
Lacking some variables

The PDC data lacks information on some important informant related to diabetes such
as Body Mass Index (BMI), which may be a residual confounding this research. On the
one hand, a large proportion of women with diabetes during pregnancy have a high
BMI, including those women are at higher risk of caesarean section (Simmons 2011).
On the other hand, BMI is also an independent risk factor for adverse neonatal
outcomes such as admission to NICU and low Apgar score (Avci et al. 2015). To
minimise the effect of the absence of BMI, analysis of neonatal outcomes were stratified
by birthweight. The NSW PDC also lacks information on shoulder dystocia. As shown
in the literature review (Chapter 2), women with diabetes during pregnancy are at higher
risk of infants born with shoulder dystocia than women without diabetes (Langer et al.
1991). However, in this analysis it was not possible to adjust for shoulder dystocia due

to the lack of this information in the PDC.

3.4 Statistical analysis:

Women’s and babies’ characteristics were compared using Chi-square test for
categorical variables or an Independent Samples T-Test for continuous variables.
Multivariate analysis was undertaken using a logistic regression model. Odds ratios
adjusted odds ratios and 95% confidence interval were produced. The details of the

different adjustments are provided in the individual study chapters.

The analyses in this thesis were done separately for pre-existing diabetes and GDM. The

reason for this is that pre-existing diabetes and GDM have different effects on perinatal
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outcomes, and they require different clinical management because pre-existing diabetes

poses challenges in clinical management (Abouzeid et al. 2014; McElduff et al. 2005).

The analyses were performed by using the Statistical Package for the Social Sciences
(SPSS) software Versions 22.0 and 24.0 (Armonk, NY: IBM Corporation). A P-value <
0.05 was considered statistically significant. Details of the statistical analyses will be

described for each study separately.

3.5 Details of ethics approval

Ethics approval for this PhD research was granted by the University of Technology

Sydney Human Research Ethics Committee (UTS HREC ETH16-0219).

The use of de-identified data was approved by the Executive Director, Centre for

Epidemiology and Evidence, NSW Ministry of Health.
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Chapter 4: Study one: Caesarean section and diabetes
during pregnancy: A NSW population study using the

Robson classification

This chapter was previously published Zeki, R., Oats, J.J.N., Wang, A.Y ., Li, Z., Homer, C.S.E. & Sullivan, E.A. 2018, 'Cesarean
section and diabetes during pregnancy: An NSW population study using the Robson classification', Journal of Obstetrics and
Gynaecology Research, vol. 44, no. 5, pp. 890-8.
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List of presentation and publication from this chapter:

This study was presented at the Perinatal Society of Australia & New Zealand (PSANZ)

2017 annual Congress in Canberra, Australia as detailed below.

Poster presentation. Caesarean section and diabetes during pregnancy: a NSW
population study using the Robson classification. The Perinatal Society of Australia &

New Zealand (PSANZ) annual Congress in Canberra, Australia (2-5 April 2017).

This Chapter is the accepted version of the article: Cesarean section and diabetes during
pregnancy: An NSW population study using the Robson classification, which has been
published in final form at https://obgyn.onlinelibrary.wiley.com/doi/10.1111/jog.13605

as detailed below.

Zeki, R., Oats, J.J.N., Wang, A.Y., Li, Z., Homer, C.S.E. & Sullivan, E.A. 2018,
'Cesarean section and diabetes during pregnancy: An NSW population study using the
Robson classification', Journal of Obstetrics and Gynaecology Research. vol. 44, no. 5,

pp. 890-8.

Authors’ contributions and signatures are available in Appendix 2. The published article

is available in Appendix 3.

This chapter was previously published Zeki, R., Oats, J.J.N., Wang, A.Y ., Li, Z., Homer, C.S.E. & Sullivan, E.A. 2018, 'Cesarean
section and diabetes during pregnancy: An NSW population study using the Robson classification', Journal of Obstetrics and
Gynaecology Research, vol. 44, no. 5, pp. 890-8.
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4.1 About this chapter

The Robson classification for caesarean section is the WHO recommended
classification for caesarean section. This chapter has two aims: to investigate the main
contributor(s) to caesarean section rates among women with diabetes (pre-existing and
GDM) and women without diabetes who gave birth in NSW between January 2002 to
December 2012; and to compare the rate of caesarean section among women with
diabetes during pregnancy and women without diabetes across all Robson classification

groups.

This is the first population study in the literature that applies the Robson classification
for caesarean section to women with diabetes during pregnancy. This study will provide
information on the association of maternal obstetric history with method of birth. It will
also provide baseline information for monitoring caesarean section rates among women
with diabetes during pregnancy.

This chapter is written and formatted according to the Journal of Obstetrics and

Gynaecology Research guidelines.

This chapter was previously published Zeki, R., Oats, J.J.N., Wang, A.Y ., Li, Z., Homer, C.S.E. & Sullivan, E.A. 2018, 'Cesarean
section and diabetes during pregnancy: An NSW population study using the Robson classification', Journal of Obstetrics and
Gynaecology Research, vol. 44, no. 5, pp. 890-8.
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4.2 Abstract

Aims: To identify the main contributors to cesarean section (CS) among women with
and without diabetes during pregnancy using the Robson classification and to compare

CS rates within Robson groups.

Methods: A population-based cohort study was conducted of all women who gave birth
in New South Wales, Australia, between 2002 and 2012. Women with pre-gestational
diabetes (Types 1 and 2) and gestational diabetes mellitus (GDM) were grouped using
the Robson classification. Adjusted odds ratios (AOR) and 95% Confidence Interval

(CI) were calculated using multivariable logistic regression.

Results: The total CS rate was 53.6% for women with pre-gestational diabetes, 36.8%
for women with GDM, and 28.5% for women without diabetes. Previous CS
contributed the most to the total number of cesarean sections in all populations. For
preterm birth, the contribution to the total was 20.5% for women with pre-gestational
diabetes and 5.7% for women without diabetes. Compared to women without diabetes,
for nulliparous with pre-gestational diabetes, the odds of CS was 1.4 (95% CI, 1.1-1.8)

for spontaneous labor and 2.0 (95% CI, 1.7-2.3) for induction of labor.

Conclusion: A history of CS was the main contributor to the total cesarean section.
Reducing primary CS is the first step to lowering the high rate of CS among women
with diabetes. Nulliparous women were more likely to have cesarean sections if they

had pre-gestational diabetes. This increase was also evident in all multiparous women

This chapter was previously published Zeki, R., Oats, J.J.N., Wang, A.Y ., Li, Z., Homer, C.S.E. & Sullivan, E.A. 2018, 'Cesarean
section and diabetes during pregnancy: An NSW population study using the Robson classification', Journal of Obstetrics and
Gynaecology Research, vol. 44, no. 5, pp. 890-8.
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giving birth. The high rate of preterm births and CSs reflects the clinical issues for

women with diabetes during pregnancy.

Keywords: Cesarean section, Gestational diabetes, Pregnancy, Pregnancy in Diabetics,

Robson classification.

4.3 Introduction

Diabetes during pregnancy is an increasing problem worldwide (Hunt & Schuller 2007).
In Australia, 0.5% of women have pre-gestational diabetes (Type 1 and type 2 diabetes)
and up to 13.0% of women develop gestational diabetes mellitus (GDM). (ATHW 2010;
Moses et al. 2011). Pre-gestational diabetes occurs before pregnancy and continues after
pregnancy (Abouzeid et al. 2014). GDM is defined as pregnancy-induced
hyperglycemia or glucose abnormality that existed previously but was undiagnosed

prior to pregnancy (Nankervis et al. 2013).

The rate of cesarean section (CS) is positively associated with an increase in plasma
glucose level during pregnancy (HAPO Study Cooperative Research Group 2008). The
Hyperglycemia and Adverse Pregnancy Outcomes study showed an increase of 8 to
11% in the odds of CS with one standard deviation increase in plasma glucose level
(HAPO Study Cooperative Research Group 2008). The 2005-2007 Australian data
show that 59.2% of women with pre-gestational diabetes and 40.1% of women with
GDM gave birth by CS, compared with 30.0% for women without diabetes (AIHW

2010).

This chapter was previously published Zeki, R., Oats, J.J.N., Wang, A.Y ., Li, Z., Homer, C.S.E. & Sullivan, E.A. 2018, 'Cesarean
section and diabetes during pregnancy: An NSW population study using the Robson classification', Journal of Obstetrics and
Gynaecology Research, vol. 44, no. 5, pp. 890-8.
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In order to better understand current clinical practice around the method of birth for
women with and without a diagnosis of diabetes during pregnancy, a clinically relevant
classification system of CS is required. In 2015, the World Health Organization (WHO)
recommended that the Robson classification be used as a global standard for evaluating,
monitoring and comparing CS rates (WHO 2015). The Robson classification is
‘mutually exclusive and totally inclusive’ and is based on women’s parity, plurality,
presentation, gestational age, history of previous CS and onset of labor (Robson 2001).
To date, three hospital-based studies have applied the Robson classification to women
with diabetes during pregnancy (Caroll et al. 2013; Courtney et al. 2013; Torloni et al.
2009). However, there have not been any population-based studies applying the Robson
classification to pre-gestational diabetes and GDM, despite suggestions by the

classification users (Betran et al. 2014; Torloni et al. 2009).

Our study, using New South Wales (NSW) population data, had two aims. Firstly, to
use the Robson classification to identify the main contributors to CS among women

with pre-gestational diabetes, women with GDM and women without diabetes during
pregnancy. The second part of the study aimed to compare CS rates between women

with diabetes during pregnancy and those without, within each Robson classification

group.

This chapter was previously published Zeki, R., Oats, J.J.N., Wang, A.Y ., Li, Z., Homer, C.S.E. & Sullivan, E.A. 2018, 'Cesarean
section and diabetes during pregnancy: An NSW population study using the Robson classification', Journal of Obstetrics and
Gynaecology Research, vol. 44, no. 5, pp. 890-8.
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4.4 Method

Study design and outcome

A population-based retrospective cohort study was conducted. The main outcome of the

study was CS.

Data source

This study used data and definitions from the NSW Perinatal Data Collection (PDC).
The PDC is a population-based surveillance system of all births in NSW, Australia. It
contains information about NSW public and private hospital births and home births, and
about all women who have had live births and stillbirths of at least 20 weeks’
gestational age or at least 400 grams birthweight (CHeReL 2016b). NSW is the most
populous state, with a third of the total Australian population and more than 95 000

women giving birth every year (Australian Bureau of Statistics (ABS) 2016).

PDC information is collected from the electronic notification form that is completed by
the attending midwife or doctor at birth. It includes information on maternal
demographics, health, pregnancy, labor and birth, as well as perinatal outcomes. The
completed forms are sent to NSW Ministry of Health, where the information is

validated and compiled into the PDC (CHeReL 2016b).

Study population

This study included all women (n=1 007 843) who gave birth in NSW between 1

January 2002 and 31 December 2012. Of these, 6030 (0.6%) women had pre-gestational

This chapter was previously published Zeki, R., Oats, J.J.N., Wang, A.Y., Li, Z., Homer, C.S.E. & Sullivan, E.A. 2018, 'Cesarean
section and diabetes during pregnancy: An NSW population study using the Robson classification', Journal of Obstetrics and
Gynaecology Research, vol. 44, no. 5, pp. 890-8.
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diabetes (Type 1 and type 2 diabetes), 51 135 (5.1%) had GDM, and 950 678 (94.3%)

did not have diabetes during pregnancy.

Diagnosis of GDM

During the study period, there was only one guideline used in NSW for the diagnosis of
GDM. This was the Australasian Diabetes In Pregnancy Society (ADIPS) guideline that
recommended screening for GDM at 26 to 28 weeks’ gestation using the glucose
challenge test (GCT). If the non-fasting GCT measured at one-hour post-load plasma
glucose level was >7.8 mmol/L after 50g glucose load or > 8.0 mmol/L after 75g
glucose load, a 75g two-hour oral glucose tolerance test (OGTT) was recommended.
(Hoffman et al. 1998). GDM was then diagnosed if the fasting venous plasma glucose
level was > 5.5 mmol/L and/or at two hours following the 75g glucose load was >8.0

mmol/L (Hoffman et al. 1998).

Pre-gestational diabetes and GDM are different in their effect on pregnancy outcomes,
with pre-gestational diabetes being associated with more complicated outcomes
(Abouzeid et al. 2014; AIHW 2010; Shand et al. 2008). In addition, pre-gestational
diabetes poses considerable challenges in clinical management (McElduff et al. 2005).
For this reason statistical analysis was done separately for pre-gestational diabetes and

GDM.

Statistical analysis
The socio-demographic factors of women with pre-gestational diabetes and women with
GDM were compared with women without diabetes using a Chi square test for

categorical variables and an Independent Samples T-Test for continuous variables.

This chapter was previously published Zeki, R., Oats, J.J.N., Wang, A.Y ., Li, Z., Homer, C.S.E. & Sullivan, E.A. 2018, 'Cesarean
section and diabetes during pregnancy: An NSW population study using the Robson classification', Journal of Obstetrics and
Gynaecology Research, vol. 44, no. 5, pp. 890-8.
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Women were classified according to Robson criteria into 10 groups correlating with

their obstetric history (Table 4.1).

Table 4.1: Extended Robson 10 groups

(Robson 2001)

1 Nulliparous, single cephalic, gestational age >37 weeks, spontaneous labor

5 Nulliparous, single cephalic, gestational age >37 weeks, induction of labor or no
labor CS

2(a) Nulliparous, single cephalic, gestational age >37 weeks, induction of labor

2(b) Nulliparous, single cephalic, gestational age >37 weeks, no labor CS

; Multiparous, without previous CS, single cephalic, gestational age >37 weeks,
spontaneous labor

A Multiparous, without previous CS, single cephalic, gestational age >37 weeks,
induction of labour or no labor CS

‘(@) Multiparous, without previous CS, single cephalic, gestational age >37 weeks,
induction of labor
Multiparous, without previous CS, single cephalic, gestational age >37 weeks, no

) labor CS
All multiparous, with at least one previous CS, single cephalic, gestational age >37

> weeks

6 All nulliparous, single breech pregnancy

7 All multiparous, single breech, including women with previous CS

8 All women, multiple pregnancies including women with previous CS

9 All women, single transverse, oblique or other lie including women with previous
CS
All women, single cephalic, gestational age <36 weeks, including women with

10 previous CS

Six variables inform the classification: parity, plurality, presentation, gestational age,

history of previous CS, and type of labor. Women in groups 2 and 4 were further

This chapter was previously published Zeki, R., Oats, J.J.N., Wang, A.Y ., Li, Z., Homer, C.S.E. & Sullivan, E.A. 2018, 'Cesarean
section and diabetes during pregnancy: An NSW population study using the Robson classification', Journal of Obstetrics and
Gynaecology Research, vol. 44, no. 5, pp. 890-8.
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grouped according to their onset of labor into those who had an induction of labor and

those who had a CS with no labor.

Summary statistics were produced using the extended Robson classification 10 groups

stratified by diabetes status. These include:

a. the proportion of the obstetric population of each group
b. the rate of CS within each group
c. the relative contribution of each group to the total CS rate (the proportion

of CSs in each Robson group according to the total number of CSs)

d. the absolute contribution of each group to the total CS rate (rate of CS in

each Robson group in relation to the total population).
Multivariable logistic regression was used to investigate the likelihood of CSs for
women with diabetes compared with women without diabetes. Adjusted odds ratios
(AOR) and 95% confidence intervals (95% CI) were calculated. Adjustment was made
for maternal age, maternal country of birth (Australian born — Yes/No), smoking status,
birthweight (< 2500g, 2500-3999¢g and > 4000g) and pre-gestational and maternal

hypertension.

The analysis was performed by using the Statistical Package for the Social Sciences
(SPSS) software Version 22.0 (Armonk, NY: IBM Corporation). A P value < 0.05 was

considered statistically significant.

Details of ethics approval

This chapter was previously published Zeki, R., Oats, J.J.N., Wang, A.Y ., Li, Z., Homer, C.S.E. & Sullivan, E.A. 2018, 'Cesarean
section and diabetes during pregnancy: An NSW population study using the Robson classification', Journal of Obstetrics and
Gynaecology Research, vol. 44, no. 5, pp. 890-8.
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The use of de-identified data was approved by the Executive Director, Centre for
Epidemiology and Evidence, NSW Ministry of Health. Ethics approval was granted by
University of Technology Sydney Human Research Ethics Committee (UTS HREC

ETH16-0219).

4.5 Results

There were significant differences in maternal socio-demographic factors between
women with diabetes during pregnancy and women without diabetes (Table 4.2). A
higher proportion of women aged > 35 years was observed among women with diabetes
during pregnancy — 32.5% of women with pre-gestational diabetes and 34.9% of women
with GDM — compared to 21.3% among women without diabetes. Multiparous women
represented 63.0% of women with pre-gestational diabetes and 59.7% of women with

GDM, compared with 57.4% of women without diabetes (Table 4.2).

This chapter was previously published Zeki, R., Oats, J.J.N., Wang, A.Y ., Li, Z., Homer, C.S.E. & Sullivan, E.A. 2018, 'Cesarean
section and diabetes during pregnancy: An NSW population study using the Robson classification', Journal of Obstetrics and
Gynaecology Research, vol. 44, no. 5, pp. 890-8.
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Table 4.2: Women’s socio-demographic factors by diabetes status 2002-2012

Pre- gestational Gestational
No diabetes
diabetes diabetes P
P value' ‘
n=6030 n=51 135 value™ n=950 678
n(%) n(%) n(%)
Age
mean (SD) 31.7(5.6)  <0.0017 32.2(5.3) <0.001" 29.9 (5.6)
<20 96 (1.6) 511 (1.0) 36 205 (3.8)
20-24 584 (9.7) 3398 (6.6) 135 636 (14.3)
25-29 1353 (22.4) 11440 (22.4) 263 235 (27.7)
<0.001 <0.001
30-34 2033 (33.7) 17 957 (35.1) 312 697 (32.9)
35-39 1499 (24.9) 13 607 (26.6) 168 304 (17.7)
>40 463 (7.7) 4217 (8.2) 34359 (3.6)
Not stated 2 (0.0) 5(0.0) 242 (0.0)
Parity
Nulliparous 2222 (36.8) 20 570 (40.2) 403 372 (42.4)
) <0.001 <0.001
Multiparous 3799 (63.0) 30 540 (59.7) 545 804 (57.4)
Not stated 9(0.1) 25 (0.0) 1502 (0.2)
Plurality
Singleton 5912 (98.0) 50130 (98.0) 936 428 (98.5)
) 0.004 <0.001
Multiple 118 (2.0) 1005 (2.0) 14 250 (1.5)
Country of birth
Australian 4036 (66.9) 25527 (49.9) 672 362 (70.7)
<0.001 <0.001
Overseas born 1979 (32.8) 25436 (49.7) 275 022 (28.9)
Not stated 15(0.2) 172 (0.3) 3294 (0.3)
Smoking
Smoked 840 (13.9) 4769 (9.3) 125 787 (13.2)
0.111 <0.001
Did not smoke 5172 (85.8) 46 159 (90.3) 821 935 (86.5)
Not stated 18 (0.3) 207 (0.4) 2956 (0.3)

T Excludes not stated values
1 P value for Pre-gestational diabetes compared to no diabetes
§ P value for GDM compared to no diabetes
9 Using Independent Samples T Test

Table 4.3 presents the extended Robson classifications for women with pre-gestational

diabetes, women with GDM and women without diabetes. Nulliparous women who had

an induction of labor or a CS with no labor (Robson group 2) represented the largest

This chapter was previously published Zeki, R., Oats, J.J.N., Wang, A.Y ., Li, Z., Homer, C.S.E. & Sullivan, E.A. 2018, 'Cesarean
section and diabetes during pregnancy: An NSW population study using the Robson classification', Journal of Obstetrics and

Gynaecology Research, vol. 44, no. 5, pp. 890-8.



percentages of women in both pre-gestational diabetes and GDM categories — 20.8%
and 21.4%, respectively compared to only 14.4% of women without diabetes. Group 3
(multiparous who went into spontaneous labor) was the largest group of women without
diabetes contributed to 27.3% of the total population. The second largest group of
women with diabetes during pregnancy was multiparous women who had induction of
labor. Although the percentages of women with diabetes during pregnancy in groups 4
and 2 were relatively similar to each other, the contribution of group 4 to the total
number of CS was significantly lower than the contribution of group 2. Among women
with and without diabetes during pregnancy, the highest contribution to the total number
of CSs was among multiparous women who had a history of previous CS (group 5).
This group contributed to 30.9% of all CSs performed among women with pre-
gestational diabetes, 34.8% among women with GDM and 34.8% among women
without diabetes (Table 4.3). The main indication for CS in this group was elective
repeat CS. The rate of the elective repeat CS was 69.5% among women with pre-
gestational diabetes, 61.3% among women with GDM, and 74.1% among women

without diabetes.

The rates of vaginal birth after CS (VBAC) among women in group 5 was 8.6% among
women with pre-gestational diabetes, 14.1% among women with GDM and 19.5%

among women without diabetes.

Women who had experienced preterm births (Robson group 10) represented 16.8% of
the total number of women with pre-gestational diabetes. This percentage was

significantly larger than the percentage of group 10 women without diabetes (4.9%).

This chapter was previously published Zeki, R., Oats, J.J.N., Wang, A.Y ., Li, Z., Homer, C.S.E. & Sullivan, E.A. 2018, 'Cesarean
section and diabetes during pregnancy: An NSW population study using the Robson classification', Journal of Obstetrics and
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Group 10 women contributed to 20.5% of the total number of CSs among women with
pre-gestational diabetes, 7.4% among women with GDM and 5.7% of the total number
of CS among women without diabetes (Table 4.3). Forty six percent of women with pre-
gestational diabetes in group 10 had a no labor CS and 21.6% had induction of labor
respectively contributed to 14.5% and 2.5% of the total number of CSs among women

with pre-gestational diabetes.

This chapter was previously published Zeki, R., Oats, J.J.N., Wang, A.Y ., Li, Z., Homer, C.S.E. & Sullivan, E.A. 2018, 'Cesarean
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Table 4.3: Summary statistics for cesarean section by diabetes 2002-2012

Pre-gestational diabetes Gestational diabetes No diabetes

CS CS CS

€L

Robson Women Relative"  Absolute ratet Women Relative®  Absolute rate Women Relative”  Absolute rate*
groups n (%) n % % (95% CI) n (%) n % % (95% CI) n (%) n % % (95% CI)
1 384 (6.4) 88 2.7 1.5 (1.2-1.8) 6777 (13.3) 1139 6.1 2.2(2.1-2.4) 218798 (23.3) 32163 12.0 3.4(3.4-3.5)
2 1244 (20.8) 771 24.1 12.9(12.0-13.8) 10 860 (21.4) 4842 25.9 9.5(9.3-9.8) 135583 (14.4) 58 986 22.0 6.3 (6.2-6.3)
2(a) 938 (15.7) 465 14.5 7.8 (7.1-8.5) 9212 (18.1) 3194 17.1 6.3 (6.1-6.5) 112145(11.9) 35548 13.3 3.8(3.7-3.8)
2(b) 306 (5.1) 306 9.5 5.1 (4.5-5.7) 1648 (3.2) 1648 8.8 3.2(3.1-3.4) 23 438 (2.5) 23 438 8.8 2.5(2.5-2.5)
3 604 (10.1) 36 1.1 0.6 (0.4-0.8) 9044 (17.8) 331 1.8 0.7(0.6-0.7)  256210(273) 5936 22 0.6 (0.6-0.6)
4 1167 (19.5) 250 7.8 4.2 (3.7-4.7) 9923 (19.5) 1590 8.5 3.1(3.03.3) 111002 (11.8) 17 904 6.7 1.9 (1.9-1.9)
4(a) 1030 (172) 113 3.5 1.9 (1.5-2.2) 8982 (17.7) 649 3.5 1.3 (1.2-1.4) 98401 (10.5) 5303 2.0 0.6 (0.5-0.6)
4(b) 137(23) 137 43 2.3(1.92.7) 941 (1.9) 941 5.0 1.9 (1.7-2.0) 12601 (1.34) 12601 4.7 1.3 (1.3-1.4)
5 1082 (18.1) 989 30.9 16.5 (15.5-17.6) 7562 (14.9) 6494 34.8 12.8(12.5-13.1) 115954 (12.4) 93 305 34.8 9.9 (9.9-10.0)
6 127(21) 115 3.6 1.9 (1.6-2.3) 883 (1.7) 861 4.6 1.7 (1.6-1.8) 18594 (2.0) 17 127 6.4 1.8 (1.8-1.9)
7 169 (2.8) 145 45 2.4 (2.0-2.8) 1031 (2.0) 957 5.1 1.9 (1.8-2.0) 15456 (1.6) 13350 5.0 1.4 (1.4-1.4)
8 118 (2.0) 90 2.8 1.5 (1.2-1.8) 1005 (2.0) 692 3.7 1.4 (1.3-1.5) 14250 (1.5) 8914 33 0.9 (0.9-1.0)
9 75 (1.3) 64 2.0 1.1 (0.8-1.3) 455 (0.9) 389 2.1 0.8 (0.7-0.8) 6701 (0.7) 4859 1.8 0.5 (0.5-0.5)
10 1007 (16.8) 657 20.5 11.0(10.2-11.8) 3259 (6.4) 1388 7.4 2.7(2.6-2.9) 46 033 (4.9) 15 304 5.7 1.6 (1.6-1.7)
Total’ 5977 (100.0) 3205 100.0 53.6 (51.8-55.5) 50799 (100.0) 18 683 100.0 36.8(36.3-37.3) 938581 (100.0) 267 848 100.0 28.5 (28.4-28.6)

+ Relative contribution: proportion of CS in each Robson group according to the total number of CS.

1 Absolute contribution: rate of CS in each Robson group in relation to the total population.

§ Excludes 12 486 (1.2%) women with not stated Robson classification.
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Table 4.4 shows that the total CS rate was significantly higher among women with pre-
gestational diabetes than among women without diabetes (AOR 2.4, 95% CI, 2.3-2.6).
With the exception of women in Robson groups 6, 7 and 9 (women who had non-
cephalic pregnancies), the rate of CS was significantly higher among women with pre-
gestational diabetes compared to women without diabetes across all other Robson

groups.

For women with pre-gestational diabetes, the highest rate of CS was among women
with a history of previous CS (group 5). This rate was significantly higher among
women with pre-gestational diabetes than women without diabetes (91.4% and 80.5%)
(AOR 2.5, 95% (1, 2.0-3.1). Half (49.6%) of nulliparous women who had induction of
labor (group 2(a)) had a CS compared to 31.7% of women without diabetes in the same

group (AOR 2.0, 95% CI, 1.7-2.3) (Table 4.4).

This chapter was previously published Zeki, R., Oats, J.J.N., Wang, A.Y., Li, Z., Homer, C.S.E. & Sullivan, E.A. 2018, 'Cesarean
section and diabetes during pregnancy: An NSW population study using the Robson classification', Journal of Obstetrics and
Gynaecology Research, vol. 44, no. 5, pp. 890-8.

74



Table 4.4: Rate of CS within each Robson group for women with Pre-existing

diabetes compared to women who did not have diabetes 2002-2012

Robson Pre-gestational diabetes No diabetes’
groups

CS% AOR* (95% CI) CS%
1 22.9 1.4* (1.1-1.8) 14.7
2 62.0 2.0* (1.7-2.2) 43.5
2(a) 49.6 2.0* (1.7-2.3) 31.7
2(b) 100.0 - 100.0
3 6.0 2.1*(1.5-2.9) 2.3
4 21.4 1.3*(1.1-1.5) 16.1
4(a) 11.0 1.8* (1.5-2.2) 5.4
4(b) 100.0 - 100.0
5 91.4 2.5%(2.0-3.1) 80.5
6 90.6 0.9 (0.4-1.7) 92.1
7 85.8 0.8 (0.5-1.3) 86.4
8 76.3 1.8* (1.2-2.8) 62.6
9 85.3 1.8 (0.9-3.5) 72.5
10 65.2 3.1*%(2.7-3.5) 33.2
Total 53.6 2.4* (2.3-2.6) 28.5

t Reference group.

I AOR, odd ratio was adjusted for maternal age, maternal country of birth (Australian born Yes/No), smoking status, birthweight (<
2500g, 2500-3999¢g and > 4000g) and maternal and obstetric hypertension.

* p<0.005.

Table 4.5 shows that 36.8% of women with GDM gave birth by CS compared to 28.5%
of women without diabetes (AOR 1.3, 95% CI, 1.2-1.3). The highest rate of CS was for
women with GDM (97.5%) and women without diabetes (92.1%) among group 6

nulliparous who had a breech presentation.

For both nulliparous and multiparous women with GDM who had an induction of labor
(groups 2(a) and 4(a)) there was an increase in the rate of CS compared with women
without diabetes in the same groups (AOR 1.1, 95% CI, 1.0-1.1 for nulliparous women)

and (AOR 1.2, 95% CI, 1.1-1.3 for multiparous women) (Table 4.5).

This chapter was previously published Zeki, R., Oats, J.J.N., Wang, A.Y ., Li, Z., Homer, C.S.E. & Sullivan, E.A. 2018, 'Cesarean
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Table 4.5: Rate of CS within each Robson group for women who had gestational

diabetes compared to women who did not have diabetes 2002-2012

Gestational diabetes No diabetes’

Robson groups

CS% AOR* (95% CI) CS%
1 16.8 1.1(1.0-1.1) 14.7
2 44.6 0.9* (0.9-1.0) 43.5
2(a) 34.7 1.1* (1.0-1.1) 31.7
2(b) 100.0 - 100.0
3 3.7 1.4* (1.3-1.6) 2.3
4 16.0 0.9* (0.8-0.9) 16.1
4(a) 7.2 1.2* (1.1-1.3) 5.4
4(b) 100.0 - 100.0
5 85.9 1.4*(1.3-1.5) 80.5
6 97.5 4.2% (2.6-6.8) 92.1
7 92.8 1.7*%(1.3-2.1) 86.4
8 68.9 1.2* (1.0-1.3) 62.6
9 85.5 1.7*%(1.3-2.2) 72.5
10 42.6 1.2* (1.1-1.3) 33.2
Total 36.8 1.3* (1.2-1.3) 28.5

+ Reference group.

I AOR, odd ratio was adjusted for maternal age, maternal country of birth (Australian born Yes/No), smoking status, birthweight (<
2500g, 2500-3999¢g and > 4000g) and maternal and obstetric hypertension.

* Significant.

4.6 Discussion

Our study is the first population-based study to use the Robson classification to compare
CS rates among women with and without diabetes during pregnancy. Previous
published studies that used the Robson classification to analyze CS rates among women
with diabetes during pregnancy are hospital-based studies with limited sample size and
generalizability (Caroll et al. 2013; Courtney et al. 2013; Torloni et al. 2009). Our study
provides population data and confirms these hospital studies’ results (Caroll et al. 2013;

Courtney et al. 2013; Torloni et al. 2009).

This chapter was previously published Zeki, R., Oats, J.J.N., Wang, A.Y ., Li, Z., Homer, C.S.E. & Sullivan, E.A. 2018, 'Cesarean
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We found previous CS was the main driver for CS, regardless of whether the women
had diabetes during pregnancy or not. A previous study that used the Robson
classification on the Australian general population also found that previous CS was the
highest contributor to the total number of CSs (Sullivan 2010). Our results also confirm
results from international studies that found group 5 is the main contributor to the total
number of CSs (Jayot & Nizard 2016; Kelly et al. 2013; Tan et al. 2015; Vogel et al.

2015).

Among women in the Robson group 5 (women with a history of CS), we found the CS
rate was significantly higher among women with pre-gestational diabetes and women
with GDM compared with women without diabetes. One explanation may be that
women with diabetes during pregnancy have lower rates of successful VBAC than
women without diabetes (Cormier et al. 2010; Dharan et al. 2010). This is supported by
data showing the rate of unsuccessful VBAC among women who trialed labor is 38%
among women with pre-gestational diabetes (Dharan et al. 2010), and 36% among
women with GDM (Cormier et al. 2010), compared to 24% among women without
diabetes (Dharan et al. 2010). Among our study population, women without diabetes
had more than double the rate of successful VBAC than women with pre-gestational
diabetes and were five percentage points more likely to have a successful VBAC
compared with women with GDM. This indicates that primary CS among women with
diabetes during pregnancy has a greater effect on consecutive methods of birth than
among women without diabetes. There is compelling evidence, therefore, to suggest that

reducing the rate of the primary CS can help to reduce the overall rate of CS.

This chapter was previously published Zeki, R., Oats, J.J.N., Wang, A.Y ., Li, Z., Homer, C.S.E. & Sullivan, E.A. 2018, 'Cesarean
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The second highest contributor to the total number of CSs was group 2 (nulliparous who
had induction of labor or no-labor CS), regardless of whether women had diabetes or
not. However, within this group, the contribution of CS relative to the total population
rate was significantly higher among women with diabetes during pregnancy than
women without diabetes. This is due in part to the over-representation of women with
diabetes during pregnancy in this group (20.8% of women with pre-gestational diabetes
and 21.4% of women with GDM, compared to 14.4% of women without diabetes)

(Table 4.3).

In addition, previously published research shows that women with diabetes during
pregnancy who had induction of labor are at higher risk of CS than women without
diabetes (Bas-lando et al. 2014). In our population, nulliparous women with pre-
gestational diabetes who had induction of labor had double the odds of having a CS
compared to women without diabetes. Half (49.6%) of these women had a CS, which is
consistent with the rate of 48.5 % among women with Type one diabetes published by
Carroll et al. (2013) (Caroll et al. 2013). The evidence, therefore, suggests a more
judicious approach to inducing labor in nulliparous women with diabetes may help

reduce the primary CS rate.

In women with pre-gestational diabetes, the rate of preterm labor is high (ACOG 2005;
AIHW 2010; CEMACH 2005; Shand et al. 2008). Among our population, group 10
women with preterm birth represented 16.8% of women with pre-gestational diabetes.
The high rate of preterm birth is likely related to iatrogenic interventions among women

with pre-gestational diabetes (Boulvain, Stan & Irion 2001; CEMACH 2005). In our

This chapter was previously published Zeki, R., Oats, J.J.N., Wang, A.Y ., Li, Z., Homer, C.S.E. & Sullivan, E.A. 2018, 'Cesarean
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study only one third (32.2%) of these women with pre-gestational diabetes in group 10
had a spontaneous preterm birth, while the majority of them had either no labor CS
(46.2%) or induction of labor (21.6%) before 37 weeks gestation. CS among women in
group 10 contributed 20.5% of the total number of CSs among women with pre-
gestational diabetes. Our research is consistent with the findings of a 2009 Brazilian
tertiary hospital study using the Robson classification to investigate the rate of CS
among women with diabetes during pregnancy, which found that 21.0% of the total CS
was contributed by women in group 10 (Torloni et al. 2009). Among our study
population in group 10, women with pre-gestational diabetes had double the rate of CS

than among women without diabetes.

We found the rates of CS among women with diabetes during pregnancy were higher
than those among women without diabetes across most Robson groups. This is
consistent for both women with pre-gestational diabetes and women with GDM.
Although, the difference in CS rates between women with GDM and women without
diabetes was statistically significant, it is difficult to draw definitive conclusions

regarding the clinical significance of this finding due to the large sample size.

Strength and limitations

The use of the WHO-recommended Robson classification with large population data
provides population-based information on the rate of CS among women with diabetes
during pregnancy and the contribution of each group to the total number of CS.
Hospital-based studies have provided the impetus for this study, but they have not

delivered results of sufficient scope, reliability and generalizability to inform clinical

This chapter was previously published Zeki, R., Oats, J.J.N., Wang, A.Y ., Li, Z., Homer, C.S.E. & Sullivan, E.A. 2018, 'Cesarean
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decision making. By using population data that reports childbirth related diagnosis and
procedures with high levels of accuracy (Roberts et al. 2009), our results can be used as
a reference population for other studies investigating the method of birth and diabetes

during pregnancy.

There were no data items on the management of diabetes during pregnancy, nor
maternal Body Mass Index (BMI) in the NSW PDC data set. This is a limitation of the
study because a large proportion of women with diabetes during pregnancy have high
BMI which is associated with increases in the risk of CS among women with diabetes
during pregnancy (Simmons 2011). Further studies are required to evaluate the impact

of maternal BMI on CS.

A further limitation of our study was the possible underestimation of the number of
women with diabetes. In our study the proportion of GDM from the NSW PDC data
was 5.1%, which is marginally lower than that found in an earlier validation study based
on two data sets — the Admitted Patient Data Collection (APDC) and PDC — which
found 5.6% of primiparous and 6.1% of multiparous had GDM (Chen et al. 2012).
However, that study reassuringly found that irrespective of the data source of GDM
status the odds ratio of CS among women with GDM compared with women without
GDM was consistent at 1.4 (95% CI, 1.3-1.5) for PDC versus 1.5 (95% CI, 1.4-1.6)
from the combined data from the PDC and APDC for primiparous and 1.4 (95% CI,

1.3-1.5) versus 1.5 (95% CI, 1.4-1.6) for multiparous women (Chen et al. 2012).

The Robson classification is a clinically informative and simple classification system

for examining CS among women with medical conditions and obstetric complications

This chapter was previously published Zeki, R., Oats, J.J.N., Wang, A.Y ., Li, Z., Homer, C.S.E. & Sullivan, E.A. 2018, 'Cesarean
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such as diabetes during pregnancy. It provides a granularity around a set of actions

leading to CS.

In our population-based study, the highest contributing factor to having a CS was from
women with a history of CS, whether or not they had diabetes during pregnancy. For
women with diabetes during pregnancy, the CS is high across most Robson groups
compared with women without diabetes. Focusing on primary prevention of CS would

help in reducing the overall rate of CS among women with diabetes during pregnancy.
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4.7 Chapter summary

This chapter investigated the main contributor to cesarean section rates among women
with diabetes and women without diabetes. It also compared the rates of cesarean
section among women with and without diabetes. The results of this chapter provide a
baseline for monitoring cesarean section rates among women with diabetes during

pregnancy. The key points of this chapter are:
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¢ One fifth of women with diabetes during pregnancy (20.8%-pre-gestational,
21.4%-GDM) are nulliparous women who were either induced or had no labor
with cesarean section, which represents the largest group of women with

diabetes during pregnancy.

e The largest group of women without diabetes are multiparous women who have

spontaneous onset of labor.

e A history of previous cesarean section is the main contributor to the cesarean

section rates for both women with diabetes and women without diabetes.

e The main indication for cesarean section among women with a history of
previous cesarean section is ‘elective repeat cesarean section’, which represents
69.5%, 61.3%, and 74.1% among women with pre-gestational diabetes, women

with GDM, and women without diabetes, respectively.

e Sixteen percent of women with pre- gestational diabetes experienced preterm
births; this group contributes 20.5% of the total cesarean sections among women
with pre- gestational diabetes. Approximately half (46.0%) of women within this

group had a no labor cesarean section.

e The rate of cesarean section was significantly higher among women with pre-
gestational diabetes than women without diabetes, except for non-cephalic

presentations.
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e There was a statistically significant increase in the odds of cesarean section
among women with GDM compared to women without diabetes across nine out

of ten Robson groups.

The next chapter (Chapter 5) will clarify if this increase in the cesarean section rates is
associated with improvement in neonatal outcomes by investigating the association

between method of birth and neonatal outcomes.
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Chapter 5: Study two: Neonatal outcomes of live-born
term singletons in vertex presentation born to mothers
with diabetes during pregnancy by mode of birth: a
New South Wales population-based retrospective

cohort study

This chapter was previously published Zeki, R., Wang, A.Y., Lui, K., Li, Z., Oats, J.J.N., Homer, C.S.E. & Sullivan, E.A. 2018,
Neonatal outcomes of live-born term singletons in vertex presentation born to mothers with diabetes during pregnancy by mode of
birth: a New South Wales population-based retrospective cohort study', BMJ Paediatrics Open, vol. 2, no. 1.
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This Chapter is the accepted version of the article: 'Neonatal outcomes of live-born term
singletons in vertex presentation born to mothers with diabetes during pregnancy by
mode of birth: a New South Wales population-based retrospective cohort study, which
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5.1 About this chapter

As shown in Chapter 4, women with diabetes during pregnancy have higher rates of
caesarean section than women without diabetes. In the context of women with diabetes
in pregnancy, this chapter will investigate the association between method of birth and
neonatal outcomes for singleton babies that are live-born at term with a vertex
presentation. This study is the first Australian and the largest international population-
based study that investigates the association between method of birth and neonatal

outcomes. The neonatal outcomes include the following measures and interventions as a
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proxy for neonatal morbidity: Apgar score at five minutes, admission to NICU/SCN,

neonatal resuscitation, and neonatal death.

This chapter is written and formatted according to the Journal of BMJ Paediatrics Open

guidelines.

5.2 Abstract

Objectives: To investigate the association between the mode of birth and adverse
neonatal outcomes of macrosomic (birthweight >4000g) and non-macrosomic
(birthweight <4000g) live-born term singletons in vertex presentation (TSV) born to

mothers with diabetes (pre-existing and gestational diabetes mellitus (GDM)).

Design: A population-based retrospective cohort study.

Setting: New South Wales, Australia.

Patients: All live-born TSV born to mothers with diabetes from 2002 to 2012.

Intervention: Comparison of neonatal outcomes by mode of birth (Pre-labour
caesarean section (CS) and planned vaginal birth resulted in intrapartum CS, non-

instrumental or instrumental vaginal birth).

Main outcomes measures: Five minutes Apgar score <7, admission to neonatal

intensive care unit (NICU) or special care nursery (SCN) and the need for resuscitation.
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Results: Among the 48 882 TSV born to mothers with diabetes, pre-labour CS was
associated with a significant increase in the rate of admission to NICU/SCN compared

to planned vaginal birth.

For TSV to mothers with pre-existing diabetes, compared to non-instrumental vaginal
birth, instrumental vaginal birth was associated with increased odds of the need for
resuscitation in macrosomic (adjusted odds ratios (AOR) 2.6; 95% confidence interval

(CD);(1.2 to 7.5)) and non-macrosomic TSV (AOR 3.3; 95% CI; (2.2 to 5.0)).

For TSV to mothers with GDM, intrapartum CS was associated with increased odds of
the need for resuscitation compared to non-instrumental vaginal birth in non-
macrosomic TSV (AOR 2.3; 95% CI; (2.1 to 2.7)). Instrumental vaginal birth was
associated with increased likelihood of requiring resuscitation compared to non-
instrumental vaginal birth for both macrosomic (AOR 2.3; 95% CI; (1.7 to 3.1)) and

non-macrosomic (AOR 2.5; 95% CI; (2.2 to 2.9)) TSVs.

Conclusion: Pregnant women with diabetes, particularly those with suspected fetal
macrosomia, need to be aware of the increased likelihood of adverse neonatal outcomes

following instrumental vaginal birth and intrapartum CS when planning mode of birth.

What is known about this topic:

Diabetes during pregnancy is associated with adverse neonatal and long term baby
outcomes. There is no agreement in the national and international guidelines about the

best mode of birth for women with diabetes during pregnancy.

What this study adds:
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Diabetic women who gave birth to macrosomic TSV are likely to give birth by
intrapartum CS and those who gave birth to non-macrosomic by instrumental birth.
Intrapartum CS and instrumental vaginal birth are associated with increased likelihood

of adverse neonatal outcomes.
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5.3 Introduction

Diabetes during pregnancy is associated with increased incidence of adverse baby
outcomes (Chamberlain et al. 2013). Babies born to mothers with diabetes during
pregnancy are at higher risk of perinatal mortality and morbidity including preterm
birth, congenital abnormality, neonatal hypoglycaemia and macrosomia (Maso et al.

2014).

There is little consistency internationally regarding recommendations on the mode of
birth for women with diabetes during pregnancy. Variations are seen in both national
and professional society guidelines and recommendations (Maso et al. 2014). The
American College of Obstetricians and Gynecologists guidelines recommend caesarean
section (CS) for women with diabetes during pregnancy with an estimated birthweight
>4500g (ACOG 2005, 2013). The National Institute for Health and Care Excellence
(NICE) guideline in the United Kingdom recommends induction of labour or elective
CS if indicated, between 37* and 38" weeks of gestation for women with pre-existing
diabetes (NICE 2015). For women with gestational diabetes (GDM), the NICE
guideline recommends elective birth no later than 40*¢ weeks of gestation (NICE 2015).
The Australasian Diabetes in Pregnancy Society (ADIPS) guidelines advise that for
women with pre-existing diabetes, elective CS should be considered if estimated
birthweight exceeds 4,250—4,500g (McElduff et al. 2005). For women with
uncomplicated GDM, ADIPS guideline does not recommend birth before term unless

there is an obstetric indication (Hoffman et al. 1998).
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The rate of CS is high among women with diabetes during pregnancy in Australia
(AIHW 2010). The leading reasons for a planned CS (pre-labour CS) are for the
prevention of stillbirth and the reduction of birth complications associated with
macrosomia (Boulvain, Stan & Irion 2001; Maso et al. 2014). Currently, there are no
population-based studies in Australia that have evaluated the neonatal outcomes of

babies born to mothers with diabetes according to the mode of birth.

Our study aimed to compare adverse neonatal outcomes for live-born term singletons in
vertex presentation (TSV) born to mothers with diabetes during pregnancy (pre-existing
diabetes and GDM) by mode of birth stratified macrosomia (macrosomic and non-

macrosomic TSV).
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5.4 Method

Data source

A population-based retrospective cohort study was conducted using the New South
Wales (NSW) Perinatal Data Collection (PDC) (CHeReL 2016a). The PDC is a
population-based surveillance system. It includes all births occurring in NSW public
and private hospitals as well as home births. Women giving birth to live-births and
stillbirths of at least 20 weeks or at least 400g birthweight are included in the database.
Around 32% of the Australian population lives in NSW, and more than 95 000 women
give birth in this state annually (Australian Bureau of Statistics 2017) (Centre for

Epidemiology and Evidence 2015).

The NSW PDC is based on electronic forms that are completed at birth by the
attendants. Information on maternal demographics, maternal health, pregnancy,
obstetric complications, labour and perinatal outcomes are included in the form. The
forms are submitted to NSW Ministry of Health where the information is validated and

compiled into the state-wide PDC (CHeReL 2016a).

Study population

There were 48 983 TSV born during the study period of these 101 stillbirth (18 (0.4%)
born to mothers with pre-existing diabetes and 83 (0.2%) born to mothers with GDM).
Due to our inability to identify times of stillbirth (antepartum or intrapartum), these
stillbirths were excluded from the study. The study includes all live-born TSV (n=48

882) born in NSW to mothers with diabetes during pregnancy between 1% January 2002
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and 31 December 2012. Of these, 4501 (9.2%) were born to mothers with pre-existing

diabetes and 44 381 (90.8%) were born to mothers with GDM.

Of our study population, 276 (0.4%) TSV were excluded from the multivariate logistic
regression due to admission to neonatal intensive care unit (NICU) or special care
nursery (SCN) with one or more diagnosed birth defects, and 71 (0.1%) were excluded
because of missing data (mode of birth, birthweight, and admission to NICU or SCN
due to birth defect). A total of 4 458 live-born TSV born to mothers with pre-existing
diabetes and 44 148 born to mothers with GDM were included in the multivariate

logistic regression.

Study factors and outcome measurements

Pre-existing diabetes includes Type I and Type II. GDM is defined as glucose
intolerance that is diagnosed for the first time during pregnancy which may include
hyperglycaemia induced by pregnancy or previously undiagnosed existing abnormalities

of glucose tolerance (Nankervis et al. 2013).

Modes of birth include non-instrumental and instrumental vaginal birth, pre-labour CS
(often known as an elective CS) and intrapartum CS. Planned vaginal births are births
that were primarily intended to be non-instrumental vaginal births, although they might

end with intrapartum CS, instrumental vaginal birth or non-instrumental vaginal birth.

The definition for macrosomia adopted by the International Association of Diabetes in
Pregnancy Study Group of birthweight > 4000g was used (IADPSG et al. 2015). ‘Large

for gestational age’ was defined as a birthweight greater than the 90™ percentile for
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gestational age and ‘small for gestational age’ is birthweight less than the 10% percentile

(IADPSG et al. 2015).

Adverse neonatal outcomes were 5-min Apgar score <7, neonate admission to NICU or
SCN, and the need for resuscitation which included resuscitation by intermittent
positive pressure respiration by bag and mask, intubation, and intermittent positive

pressure respiration, external cardiac massage and ventilation.
Statistical analysis

Maternal characteristics and baby outcomes were compared by mode of birth using Chi-
square test. Trend analysis was used to compare the rate of pre-labour CS by year using

Mantel-Haenszel test for trend analysis.

Multivariate logistic regression was used to investigate the likelihood of adverse
neonatal outcomes by mode of birth. Two analyses were conducted; the first compared
TSV born by pre-labour CS with TSV born by all other modes of birth combined as
planned vaginal births. This first analysis was performed to inform the decision of
performing pre-labour caesarean section or proceed to planned vaginal birth. The
second compared TSV born by non-instrumental vaginal birth, TSV who were planned
as vaginal births but for whom resorting to instrumental birth and intrapartum CS, and
TSV born by pre-labour CS. The second analysis was performed to help inform the

decision in the situation were vaginal birth is planned.

Adjusted odds ratio (AOR) and 95% confidence interval (CI) were presented. The

adjustment was made for maternal age, maternal country of birth (Australian-born
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mothers, overseas-born mothers), parity (no previous pregnancies, one, two, three or
more previous pregnancies), smoking during pregnancy (smoked, did not smoke),
essential and pregnancy-induced hypertension, and hospital sector (public, private). The
analysis was performed using Statistical Package for Social Science software SPSS
Version 22.0 (Armonk, NY: IBM Corporation). p value < 0.05 or CI not including 1

was considered statistically significant.

5.5 Results

Maternal characteristics and baby outcomes are presented in Tables 5.1 and 5.2. Among
mothers who went into labour, 38.8% of mothers with pre-existing diabetes and 31.5%
of mothers with GDM gave birth by instrumental vaginal birth or intrapartum CS. The
highest proportion of mothers aged <25 years were among mothers with pre-existing
diabetes who gave birth by instrumental vaginal birth (16.9% p<0.001) (Table 5.1). The
proportion of primiparae mothers was higher among those who had instrumental vaginal
birth (70.5% and 77.3% among mothers with pre-existing diabetes and mothers with
GDM respectively) (Tables 5.1 and 5.2). There were 17 neonatal deaths of these two
(0.4 per 1000 live-born TSV) born to women with pre-existing diabetes and 15 (0.3 per

1000 live-born TSV) born to women with GDM.
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Table 5.1: Maternal characteristics and birth outcomes for live-born term
singletons in vertex presentation (TSV) born to women with pre-existing diabetes,

20022012

pre-labour caesarean Non-instrumental Instrumental intrapartum
section vaginal birth vaginal birth caesarean section
n=1286 % n=1969 % n=397 % n=849 %
Age Years
<20 11 0.9 33 1.7 10 2.5 9 1.1
20-24 85 6.6 185 9.4 57 14.4 91 10.7
25-29 246 19.1 436 22.1 89 224 209 24.6
30-34 434 33.7 675 343 143 36.0 271 319
35-39 391 304 502 255 71 17.9 207 244
>40 119 9.3 138 7.0 27 6.8 62 7.3
Parity
Primiparae 304 23.6 487 24.7 280 70.5 553 65.1
Multiparae 980 76.2 1480 752 115 29.0 296 349
Not stated 2 0.2 2 0.1 2 0.5 0 0.0
Number of previous caesarean section®
None 136 139 1380 932 96 83.5 149 50.3
One 602 61.4 67 45 19 16.5 115 38.9
Two or more 239 244 4 0.3 0 0.0 31 10.5
Not stated 3 0.3 29 2.0 0 0.0 1 0.3
Country of birth
Australian born 862 67.0 1204 61.1 256 64.5 586 69.0
Overseas born 420 327 760 38.6 140 353 262 30.9
Not stated 4 0.3 5 0.3 1 0.3 1 0.1
Smoking during pregnancy
Smoked 142 11.0 288 14.6 43 10.8 84 9.9
Did not smoke 1140 88.6 1677 85.2 352 88.7 764 90.0
Not stated 4 0.3 4 0.2 2 0.5 1 0.1
Birthweight g
Less than 4000 888 69.1 1659 84.3 342 86.1 635 74.8
4000 and over 397 309 310 15.7 54 13.6 214 252
Not stated 1 0.1 0 0.0 1 0.3 0 0.0
SGA 62 4.8 151 7.7 23 5.8 50 5.9
LGA 508 395 332 16.9 70 17.6 291 343
sex
Male 682 53.0 962 48.9 208 524 446 52.5
Female 604 47.0 1007 51.1 189 47.6 403 47.5
Gestational age weeks
37 290 22.6 241 12.2 59 14.9 177 20.8
38 610 474 599 304 153 385 328 38.6
39 321 25.0 605 30.7 103 259 202 23.8
40 54 42 369 18.7 59 14.9 117 13.8
Greater than 40 11 0.9 155 79 23 5.8 25 29
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Table 5.2: Maternal characteristics and birth outcomes for TSV born to women

with gestational diabetes, 2002-2012

pre-labour caesarean Non-instrumental Instrumental intrapartum
section vaginal birth vaginal birth caesarean section
n=7958 % n=24 946 % n=5017 % n=6447 %
Age Years
<20 22 0.3 300 1.2 49 1.0 73 1.1
20-24 276 35 1882 7.5 374 7.5 518 8.0
25-29 1227 15.4 6067 243 1274 254 1539 239
30-34 2690 33.8 8849 355 1899 379 2219 344
35-39 2734 34.4 6161 24.7 1142 22.8 1570 244
>40 1008 12.7 1684 6.8 279 5.6 527 8.2
Not stated 1 0.0 3 0.0 0 0.0 1 0.0
Parity
Primiparae 1644 20.7 7747 31.1 3877 713 4329 67.1
Multiparae 6309 79.3 17 191 68.9 1138 22.7 2114 32.8
Not stated 5 0.1 8 0.0 2 0.0 4 0.1
Number of previous CS*
None 939 14.9 16 086 93.6 922 81.0 978 46.3
One 3820 60.5 844 4.9 195 17.1 965 45.6
Two or more 1534 243 21 0.1 5 0.4 157 7.4
Not stated 16 0.3 240 1.4 16 1.4 14 0.7
Country of birth
Australian born 4353 54.7 12323 49.4 2172 433 3131 48.6
Overseas born 3587 45.1 12 546 50.3 2824 56.3 3291 51.0
Not stated 18 0.2 71 0.3 21 0.4 25 0.4
Smoking during pregnancy
Smoked 607 7.6 2549 10.2 299 6.0 554 8.6
Did not smoke 7315 91.9 22 308 89.4 4695 93.6 5872 91.1
Not stated 36 0.5 89 0.4 23 0.5 1 0.0
Birthweight g
Less than 4000 6628 83.3 22 400 89.8 4588 91.4 5494 85.2
4000 and over 1327 16.7 2544 10.2 428 8.5 953 14.8
Not stated 3 0.0 2 0.0 1 0.0 0 0.0
Small for gestational age 496 6.2 2590 10.4 667 13.3 651 10.1
Large for gestational age 1652 20.8 2502 10.0 402 8.0 930 14.4
sex
Male 4194 52.7 12471 50.0 2709 54.0 3665 56.8
Female 3762 473 12470 50.0 2305 459 2782 432
Not stated 2 0.0 5 0.0 3 0.1 0 0.0
Gestational age weeks
37 921 11.6 2133 8.6 379 7.6 572 8.9
38 3271 41.1 6337 254 1138 22.7 1639 254
39 3000 37.7 8503 34.1 1695 338 2044 31.7
40 597 7.5 6118 24.5 1367 272 1580 245
Greater than 40 169 2.1 1855 7.4 438 8.7 612 9.5

a For multiparae mothers only
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Figure 5.1 shows an increasing trend in pre-labour CS for both macrosomic and non-
macrosomic TSV. The largest increase was seen among macrosomic TSV (p=0.048).

Followed by non-macrosomic TSV born to mothers with pre-existing diabetes

(p=0.032).
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Figure 5.1: Rates of pre-labour caesarean section

Among mothers with pre-existing diabetes in the planned vaginal birth group, the
highest rate of instrumental vaginal birth was among mothers to non-macrosomic TSV
who had induction of labour (13.2%) (Figure 5.2). Mothers with GDM who had
induction of labour and gave birth to non-macrosomic TSV had the highest rate of

instrumental vaginal birth (15.2%) (Figure 5.3).
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Figure 5.2: Onset of labour and mode of birth for mothers with pre-existing

diabetes who gave birth to macrosomic and non-macrosomic TSV
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Figure 5.3: Onset of labour and mode of birth for mothers with GDM who gave
birth to macrosomic and non-macrosomic TSV

There were no significant changes in the rate of admission to NICU/SCN for TSV born

to mothers with pre-existing diabetes and for macrosomic TSV born to mothers with
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GDM from 2002 to 2012. There was a significant increase in the rate of high-level
resuscitation for non-macrosomic TSV born to mothers with GDM between 2002 and

2012.

No labour CS compared to planned vaginal birth

For TSV born to mothers with pre-existing diabetes by pre-labour CS, there was a
significant increase in the odds of admission to NICU/SCN compared to TSV born by
planned vaginal birth (AOR 2.3, 95% CI; (1.7 to 3.2) for macrosomic; AOR 1.6, 95%

CI; (1.4 to 1.9) for non-macrosomic TSV) (Table 5.3).
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Table 5.3: Adjusted odds ratios for adverse neonatal outcomes of TSV born to
women with diabetes during pregnancy after pre- labour CS and planned vaginal

birth, 2002-2012

Planned vaginal birth? pre-labour caesarean section
n % n % AOR" (95% CI)
Pre-existing diabetes

Birthweight less than 4000g 2613 880

5 Min Apgar score <7 37 1.4 10 1.1 0.8 (0.4-1.6)
Admitted to NICU/SCN 1180 45.2 495 56.3 1.6%(1.4-1.9)
Need for resuscitation® 183 7.0 51 5.8 0.9 (0.6-1.2)
Birthweight 4000g and over 574 391

5 Min Apgar score <7 16 2.8 1 0.3 0.1*(0.0-0.9)
Admitted to NICU/SCN 329 57.3 285 72.9 2.3*%(1.7-3.2)
Need for resuscitationc 76 13.2 32 8.2 0.7 (0.4-1.1)

Gestational diabetes

Birthweight less than 4000g 32 330 6590

5 Min Apgar score <7 362 1.1 62 0.9 1.0 (0.7-1.3)
Admitted to NICU/SCN 8613 26.6 2107 32.0 1.4*%(1.3-1.4)
Need for resuscitation® 1752 5.4 326 4.9 1.1 (0.9 -1.2)
Birthweight 4000g and over 3911 1317

5 Min Apgar score <7 76 1.9 22 1.7 1.0 (0.6-1.6)
Admitted to NICU/SCN 1288 32.9 610 46.3 1.9%(1.7-2.2)
Need for resuscitation® 423 10.8 99 7.5 0.7%(0.5-0.9)

a Reference group

b Odds ratios were adjusted for maternal age, maternal country of birth, the number of previous pregnancies, smoking during
pregnancy, essential and pregnancy-induced hypertension and hospital sector.

¢ Need for resuscitation includes intermittent positive pressure respiration by bag and mask, intubation and intermittent positive
pressure respiration as well as external cardiac massage and ventilation.

*p<.0.05

Spontaneous vaginal birth compared to other modes of birth

TSV born to mothers with pre-existing diabetes

For non-macrosomic TSV, pre-labour CS, instrumental vaginal birth and intrapartum
CS were associated with increased odds of admission to NICU/SCN compared to non-
instrumental vaginal birth (AOR 2.1, 95% CI; (1.8 to 2.5) for pre-labour CS; AOR 1.8,

95% CI; (1.4 to 2.3) for instrumental vaginal birth; AOR 2.4, 95% CI; (2.0 to 3.0) for
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intrapartum CS). Both instrumental vaginal birth and intrapartum CS were associated
with a significant increase in the odds of requiring resuscitation compared to non-
instrumental vaginal birth (AOR 3.3, 95% CI; (2.2 to 5.0) for instrumental vaginal birth;

AOR 2.3, 95% CI; (1.6 to 3.4) for intrapartum CS) (Table 5.4).

For macrosomic TSV, instrumental vaginal birth was associated with a significant
increase in the odds of requiring resuscitation (AOR 2.6, 95% CI; (1.2 to 5.7)) and
admission to NICU/SCN (AOR 2.1, 95% CI; (1.1 to 3.9)) compared to non-instrumental

vaginal birth (Table 5.4).

TSV born to mothers with GDM

Among non-macrosomic TSV, compared with non-instrumental vaginal birth, all other
modes of birth were associated with increased odds of admission to NICU/SCN (AOR
1.5, 95% CI; (1.4 to 1.6) for instrumental vaginal birth; AOR 1.9, 95% CI; (1.7-2.0) for
intrapartum CS; AOR 1.6, 95% CI; (1.5 to 1.7) for pre-labour CS), and need for
resuscitation (AOR 2.5, 95% CI, (2.2-2.9) for instrumental vaginal birth; AOR 2.3,
95% CI; (2.1 to 2.7) for intrapartum CS; AOR 1.5, 95% CI; (1.3 to 1.7) for pre-labour

CS) (Table 5.4).

Among macrosomic TSV born to GDM mothers, compared to non-instrumental vaginal
birth, the rate of requiring resuscitation was higher after instrumental vaginal birth
(AOR 2.3, 95% CI; (1.7 to 3.1)) and lower after pre-labour CS (AOR 0.7, 95% CI; (0.6

to 0.9)) (Table 5.4).
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Table 5.4: Adjusted odds ratios for adverse neonatal outcomes of TSV born to women with diabetes during pregnancy by mode of birth,

20022012

Non-instrumental vaginal® Instrumental vaginal birth Intrapartum caesarean section pre-labour caesarean section
n % n % AOR? (95% CI) n % AOR?" (95% CI) n % AOR?® (95% CI)
Pre-existing diabetes

Birthweight Less than 4000g 1647 338 628 880

5 Min Apgar score <7 19 1.2 6 1.8 1.7 (0.6-4.5) 12 1.9 1.6 (0.7-3.6) 10 1.1 0.9 (0.4-2.1)
Admitted to NICU/SCN 633 38.4 170 50.3 1.8%(1.4-2.3) 377 60.0 2.4%(2.0-3.0) 495 56.3 2.1%(1.8-2.5)
Need for resuscitation® 74 4.5 46 13.6 3.3%(2.2-5.0) 63 10.0 2.3*%(1.6-3.4) 51 5.8 1.3 (0.9-1.9)
Birthweight 4000g and over 310 54 210 391

5 Min Apgar score <7 12 3.9 3 5.6 0.8 (0.2-3.7) 1 0.5 0.1*(0.0-0.5) 1 0.3 0.1*(0.0-0.5)
Admitted to NICU/SCN 137 44.2 34 63.0 2.1*(1.1-3.9) 158 75.2 3.9%(2.6-5.9) 285 72.9 4.1%(2.9-5.7)
Need for resuscitation® 32 10.3 14 259 2.6%(1.2-5.7) 30 14.3 1.3(0.7-2.3) 32 8.2 0.8 (0.5-1.4)

Gestational diabetes

Birthweight Less than 4000g 22 304 4565 5461 6590

5 Min Apgar score <7 177 0.8 87 1.9 2.4%(1.8-3.1) 98 1.8 2.1%(1.6-2.7) 62 0.9 1.3(0.9-1.7)
Admitted to NICU/SCN 5299 23.8 1354 29.7 1.5%(1.4-1.6) 1960 359 1.9%(1.7-2.0) 2107  32.0 1.6%(1.5-1.7)
Need for resuscitation® 822 3.7 433 9.5 2.5%(2.2-2.9) 497 9.1 2.3%(2.1-2.7) 326 4.9 1.5%(1.3-1.7)
Birthweight 4000g and over 2539 426 946 1317

5 Min Apgar score <7 49 1.9 14 3.3 1.8 (0.9-3.5) 13 1.4 0.7 (0.3-1.3) 22 1.7 1.0 (0.6-1.7)
Admitted to NICU/SCN 752 29.6 138 324 1.3* (1.0-1.7) 398 42.1 1.9%(1.6-2.3) 610 46.3 2.3%(2.0-2.7)
Need for resuscitation® 259 10.2 76 17.8 2.3*%(1.7-3.1) 88 9.3 1.0 (0.7-1.3) 99 7.5 0.7*(0.6-0.9)

a Reference group.
b Odds ratios were adjusted for maternal age, maternal country of birth, the number of previous pregnancies, smoking during pregnancy, essential and pregnancy-induced hypertension and hospital sector.
¢ Need for resuscitation includes intermittent positive pressure respiration by bag and mask, intubation and intermittent positive pressure respiration as well as external cardiac massage and ventilation. *P<0.05.
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5.6 Discussion

To our knowledge, this Australian study is the largest population-based investigation of
neonatal outcomes related to mode of birth in live-born TSV born to mothers with
diabetes during pregnancy. The study results showed that, among TSV born to mothers
with diabetes during pregnancy, pre-labour CS was associated with a significant
increase in the rate of admission to NICU/SCN compared to planned vaginal birth. Both
instrumental vaginal birth and intrapartum CS were associated with increased odds of

requiring resuscitation compared to non-instrumental vaginal birth.

The use of a large validated population-based dataset with high accuracy (Roberts et al.
2009) generates a high level of evidence that cannot be achieved in hospital settings.
Our study provides population-level evidence on the association between mode of birth
and neonatal outcomes of TSV born to mothers with diabetes during pregnancy in
NSW. Our study also provides information about clinical practice for mothers with
diabetes during pregnancy. The validation study by Ampt et al. on the NSW PDC shows
that the PDC had high sensitivity (> 94.7%) and high positive predictive value (>
96.1%) in reporting dichotomized outcome variables such as 5-min Apgar score <7 and

neonatal resuscitation (Ampt et al. 2013).

The limitation of the study is the lack of information on reasons for NICU/SCN
admissions as macrosomic TSV are routinely admitted to NICU/SCN for expected
hypoglycaemia without clinical necessity which increases the rate of admission to
NICU/SCN. Some services do have a routine policy of admitting babies born to mothers

with diabetes to a NICU/SCN hence the numbers could be higher. Another limitation is
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the lack of information on maternal body mass index and on umbilical artery PH and
lactate levels. To remove the confounding related to birth defects, we excluded TSV
admitted to NICU/SCN because of birth defects from our multivariable logistic
regression. However, we are unable to adjust for maternal body mass index, an
independent risk factor for adverse pregnancy outcomes such as low Apgar score and a
higher rate of admission to NICU (Avci et al. 2015). We used stratification by estimated
fetal macrosomia using birthweight to limit the impact of maternal body mass index on
the mode of birth and neonatal outcomes. We are also unable to adjust for shoulder
dystocia as it was not captured in NSW PDC. We also lack information on second stage
CS which did not allow us to compare between intrapartum CS and instrumental vaginal

birth.

There was no significant difference in the odds of 5-min Apgar score <7 between TSV
born after pre-labour CS and those born after planned vaginal birth for mothers who had
pre-existing diabetes or GDM. Stuart et al. (2011) found a significant reduction in the
odds of 5-min Apgar score <7 among TSV born to mothers with diabetes during
pregnancy who were born after pre-labour CS at 38 weeks gestation compared to those
born after planned vaginal birth at 39 weeks gestation (Stuart, Matthiesen & Kéllén

2011).

TSV born to mothers with diabetes during pregnancy can be affected by a number of
morbidities including respiratory distress syndrome, hypoglycaemia and hypocalcaemia
that can lead to an increase in the likelihood of admission to NICU/SCN?®. In addition,
CS is associated with increased odds of neonatal respiratory morbidity (Zanardo et al.

2004). The NICE guideline recommended admission to NICU if babies who were born
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to mothers with diabetes had one of the following symptoms: hypoglycaemia,
respiratory distress or jaundice, signs of cardiac decompensation, neonatal
encephalopathy or polycythaemia, the need for tube feeding or who were born preterm

(NICE 2015).

Our study found that instrumental vaginal birth and intrapartum CS were associated
with an increase in the odds of the need for resuscitation and admission to NICU/SCN
compared to non-instrumental vaginal birth. One indication for instrumental vaginal
birth and intrapartum CS is fetal compromise (Royal College of Obstetricians and
Gynaecologists (RCOG) 2011a), which is also an indication for neonatal resuscitation
(Royal Australian and New Zealand College of Obstetricians and Gynaecologists
(RANZCOG) 2015). Thus, requiring resuscitation might have been associated with fetal
compromise, not the use of instrumental vaginal birth or intrapartum CS. However,
instrumental vaginal birth alone is also considered a risk factor for requiring neonatal

resuscitation (RANZCOG 2015).

Our study found that women with diabetes have a low rate of non-instrumental vaginal
birth and high rate of giving birth by intrapartum CS and instrumental birth. This is
consistent with previous studies (Boriboonhirunsarn & Waiyanikorn 2016; Stuart,
Matthiesen & Kéllén 2011). Among our population, of mothers who went into labour,
38.8% of those with pre-existing diabetes and 31.5% of those with GDM gave birth by
instrumental vaginal birth or intrapartum CS compared with 29.4% of women in the
NSW general population (Hilder L et al. 2014). One in four mothers (25.9%) with
planned vaginal birth gave birth to a macrosomic TSV by intrapartum CS, and one in

five mothers (20.5%) with planned vaginal birth gave birth to a non-macrosomic TSV
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by instrumental vaginal birth. Given that both intrapartum CS and instrumental birth are
associated with increased odds of adverse neonatal outcomes, the high proportion of
resorting to instrumental vaginal birth for non-macrosomic TSV or intrapartum CS for

macrosomic TSV should be considered when planning vaginal births.

Although pre-labour CS was associated with a reduction in some adverse neonatal
outcomes, specifically requiring resuscitation for macrosomic TSV, pre-labour CS is
associated with adverse maternal outcomes. In the general population, CS is associated
with immediate risk to the mother of infection, haemorrhage, anaesthetic risks and
mortality (D'Souza 2013). It is also associated with an increased likelihood of repeat
elective caesarean section in future pregnancies and increased risk of stillbirth and
placenta praevia and accreta, uterine rupture, and peripartum hysterectomy (D'Souza
2013). The risk of adverse maternal outcomes following CS might be escalated for
women with diabetes during pregnancy since they are at higher risk of adverse maternal
outcomes (such as infection and impaired wound healing) than women without diabetes

(Takoudes et al. 2004).

Conclusion

Of mothers with planned vaginal birth, one in four gave birth to a macrosomic TSV by
intrapartum CS and one in five gave birth to a non-macrosomic TSV by instrumental
vaginal birth. The potential risk of adverse neonatal outcomes associated with
intrapartum CS and instrumental vaginal birth should be considered when planned for

birth of women with diabetes. Close monitoring and readiness to intervene are needed
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when planned labour for TSV, particularly when the baby is macrosomic as CS is often
required to expedite birth.
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5.7 Chapter summary

This chapter investigated the association between method of birth and adverse neonatal

outcomes. The key points of this chapter are:

e More than one third (38.3%) of mothers with pre-existing diabetes and 31.5% of
mothers with GDM, who went into labour gave birth by either instrumental
vaginal birth or intrapartum caesarean section.

e A quarter (25.9%) of mothers of macrosomic TSV babies who went into
intrapartum gave birth by caesarean section.

e One fifth (20.5%) of mothers of non-macrosomic TSV who went into labour had
instrumental vaginal births.

e Both intrapartum caesarean section and instrumental vaginal birth were
associated with increased odds of adverse neonatal outcomes.

e Pre-labour caesarean section was associated with an increase in the odds of

admission to NICU/SCN.

Risk of an adverse maternal outcome(s) is an important factor to consider when

determining method of birth. The next chapter (Chapter 6) will investigate the
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association between method of birth and the risk of Obstetric Anal Sphincter Injuries

(OASIs) among women with GDM compared to women without diabetes.
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Chapter 6: Study three: Obstetric anal sphincter
injuries among women with gestational diabetes and
women without gestational diabetes: a NSW

population-based cohort study.
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6.1 About this chapter

The results of Chapter 5 show that instrumental vaginal birth and labour are associated
with an increase in the risk adverse neonatal outcomes. This chapter will investigate the
association between method of birth (spontaneous vaginal, and instrumental vaginal
including both forceps and vacuum extraction) on maternal outcomes for women who
gave birth vaginally. For this study the maternal outcome is obstetric anal sphincter
injury (OASIs). Obstetric anal sphincter injuries including third- and fourth-degree
perineal tears result in significant maternal morbidity. This chapter also investigates the
association of episiotomy and method of birth referred to as (combined episiotomy)
with method of birth and the risk of OASIs. Because of their risk of OASIs, the
population of interest is women with GDM, who make up 91.3% of women with

diabetes who gave birth vaginally in NSW between 2007 and 2013.

The rate of GDM of women included in this chapter is for the period 2007 to 2013. For
this reason, it is lower than the rate included in the literature review which is during the
period after the publication of new ADIPS Guideline (Nankervis et al. 2013) that
recommended a new diagnosis criteria for GDM. More women are likely to be
diagnosed with GDM using the new diagnostic guidelines thus explaining the

difference.

This chapter is written and formatted according to the Australian and New Zealand

Journal of Obstetrics and Gynaecology guidelines.
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6.2 Abstract

Background: Obstetric anal sphincter injuries (OASIs) are associated with maternal
morbidity, however it is uncertain whether Gestational Diabetes (GDM) is an

independent risk factor when considering birth weight, mode of birth and episiotomy.

Aims: To compare rates of OASIs between women with gestational diabetes (GDM)
and women without GDM by mode of birth and birthweight. To investigate the

association between episiotomy, mode of birth and the risk of OASIs.

Methods: A population-based cohort study of women who gave birth vaginally in
NSW, from 2007 to 2013. Rates of OASIs were compared between women with and
without GDM, stratified by mode of birth, birthweight and a multi-categorical variable

of mode of birth and episiotomy. Adjusted Odds Ratios (AOR) and 95% Confidence

interval (CI) were calculated by multivariable logistic regression.

Results: The rate of OASIs was 3.6% (95% CI 2.6-2.7) versus 2.6% (95% CI 3.4-2.8)
(p<0.001) among women with and without GDM, respectively. Women with GDM and
a macrosomic baby (birthweight >4000g), had a higher risk of OASIs with forceps
(AOR 1.76, 95% CI (1.08-2.86, p=0.02) or vacuum (AOR 1.89, 95% CI (1.17-3.04,
p=0.01), compared with those without GDM. For primiparous women with GDM and
all women without GDM, an episiotomy with forceps was associated with lower odds of
OASIs than forceps only. (primiparous GDM, forceps-episiotomy AOR 2.49, 95% CI
(2.00-3.11), forceps AOR 5.30, 95% CI (3.72-7.54)), (primiparous without GDM,

forceps-episiotomy AOR 2.71, 95% CI (2.55-2.89), forceps AOR 5.95, 95% CI (5.41-
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6.55)) and (Multiparous without GDM, forceps-episiotomy AOR 3.75, 95% CI (3.12-

4.50), forceps AOR 6.20, 95% CI (4.96-7.74)).

Conclusion: Women with GDM and a macrosomic baby should be counselled about
the increased risk of OASIs with both vacuum and forceps. With forceps birth this risk

can be partially mitigated by performing a concomitant episiotomy.

Short Communications

Women with GDM and a macrosomic baby should be counselled about the increased
risk of OASIs with instrumental birth. For forceps births this risk can be reduced by

performing an episiotomy.

Keywords

Gestational diabetes, Obstetric anal sphincter injury, Perineal trauma, Episiotomy, Birth,

Birthweight, Perineum, Lacerations

6.3 Introduction

Obstetric anal sphincter injuries (OASIs) occurred in 4322 (2.1%) women who gave
birth vaginally in Australia in 2012 (Hilder L et al. 2014). OASIs include both third-
and fourth-degree perineal tears (RCOG 2015). Third-degree tears are defined as
perineal injury affecting the anal sphincter complex (RCOG 2015). Fourth-degree
perineal tears affect the anal mucosa and the anal sphincter complex (RCOG 2015).
Short- and long-term health problems have been reported to be associated with OASIs.

Short-term complications can include perineal pain, oedema, bruising, and urinary
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retention (EKEUs, Nilsson & Gottvall 2008; Harvey et al. 2015). Long-term
complications can include anxiety, depression, sexual dysfunction and anal
incontinence, including flatal incontinence and leakage of stool (EKEUs, Nilsson &

Gottvall 2008; Harvey et al. 2015; Williams et al. 2005)

Several demographic factors have been identified as associated with OASIs. Asian
ethnicity, maternal older age, first-time mother and giving birth in public hospitals are
all associated with an increase in the risk of OASIs (Ampt et al. 2013; Baghestan et al.
2010; Brown et al. 2018). Instrumental vaginal birth, including forceps and vacuum
births, has been identified as a major risk factor for OASIs (Baghestan et al. 2010;
Dahlen et al. 2007). Birthweight is associated with OASIs, with a NSW population-
based study showing a rate increase of 21% and 25% for every 200g increase in
birthweight, in primiparous and multiparous women, respectively (Ampt et al. 2013).
For macrosomic babies (birthweight >4000g) there was a significant increase with
adjusted odd-ratio of 2.64(Dahlen et al. 2007). In addition to high birthweight, shoulder
dystocia has been identified as an independent risk factor for OASIs (Gurol-Urganci et
al. 2013). Women with gestational diabetes mellitus (GDM) are at increased risk of
OASIs due to the high birthweight baby compared to women without GDM (Ampt et al.
2013; Baghestan et al. 2010; Kc, Shakya & Zhang 2015; Stotland et al. 2004).
Previously published research shows that among women with GDM, the odds ratio of
OASIs was 1.3 (95% CI; 1.1-1.6), compared to women without GDM (Baghestan et al.

2010).
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There is evidence that selective episiotomy can reduce the risk of OASIs (RCOG 2015).
A Cochrane systematic review shows that compared to routine episiotomy, selective
episiotomy with spontaneous vaginal birth is associated with a slight reduction in the
rate of OASIs (Jiang et al. 2017). The most recent Royal College of Obstetricians and
Gynaecologists (RCOG) 3rd and 4th degree tear green-top guideline recommended
performing mediolateral episiotomy with instrumental vaginal birth, citing a significant
reduction in OASI (RCOG 2015). To date, no published population-based study has
investigated the association between GDM and the risk of OASIs by both mode of birth

and birthweight.

Our population-based study of women who gave birth vaginally in NSW has two aims:

1. To compare the rate of OASIs between women with or without GDM by mode of

birth and birthweight.

2. To investigate the association between episiotomy, mode of birth and the risk of

OASIs.

6.4 Method

Data source

The New South Wales (NSW) Perinatal Data Collection (PDC) was used as the data
source. The PDC is a population-based surveillance system that covers all births

occurring in NSW public and private hospitals as well as home births. The PDC
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includes all live births and stillbirths of at least 20 weeks or at least 400g birthweight

(CHeReL 2017).

Information on maternal demographics, maternal health, pregnancy, obstetric
complications, labour and birth as well as perinatal outcomes are included in the
completed form. The NSW Ministry of Health receives the completed form, validates

and compiles the information into a statewide PDC (CHeReL 2017).

Study population

All women who gave birth vaginally in NSW (465,124) from 1 January 2007 to 31
December 2013 were included. Women with pre-existing diabetes (2296, 0.5%) and
women who had breech presentation (2518, 0.5%) were excluded from the analysis. Of
the 460,310 women remaining in the analysis, 23,965 (5.2%) women had GDM and

436,345 (94.8%) women were without a diagnosis of GDM during pregnancy.

Study factors and outcome measurements

GDM is defined as glucose intolerance that is diagnosed for the first time during
pregnancy. It may include pregnancy-induced hyperglycemia or undiagnosed

hyperglycemia that existed before pregnancy (Nankervis et al. 2013).

Between 2007 and 2012, the Australian guidelines (Hoffman et al. 1998) recommended
screening for GDM using the glucose challenge test (GCT) at 26 to 28 weeks gestation.
A 75g two-hour oral glucose tolerance test (OGTT) was recommended if the non-

fasting GCT measured at one-hour post-load plasma glucose level was
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e >7.8 mmol/L after 50g glucose load, or

e > 8.0 mmol/L after 75g glucose load

GDM was diagnosed if

e fasting venous plasma glucose level was > 5.5 mmol/L, and/or
e venous plasma glucose level was >8.0 mmol/L at two hours following the 75g

glucose load.

In 2013 a new guideline was published by the Australasian Diabetes In Pregnancy
Society (ADIPS) (Nankervis et al. 2013). This guideline recommends routine testing for

GDM at 24 to 28 weeks gestation using 75g OGTT. GDM is diagnosed if

e fasting glucose is >5.1 mmol/L or
e 1-hr glucose is > 10.0 mmol/L or

e 2-hr glucose is > 8.5 mmol/L.

The mode of birth includes spontaneous vaginal birth (vaginal birth which did not
require instrumental assistance), and instrumental vaginal birth including both forceps

and vacuum extraction. Episiotomy is recorded dichotomously as yes, no.

The outcome of the study was third- and fourth-degree perineal tears referred to as
Obstetric Anal Sphincter injuries (OASIs). In the PDC, perineal status is recorded as
intact, 1st-degree tear/graze, 2nd-degree tear, 3rd-degree tear, 4th-degree tear, and
‘other’. Third- and fourth-degree tears were combined, and all other types of tears were

combined with ‘intact’. A previously published validation study of the NSW PDC found
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third- and fourth-degree tears were adequately recorded in the PDC (Kappa value >

0.75) (Roberts et al. 2009).

Statistical analysis

Maternal sociodemographic factors and obstetric characteristics were compared among
women with GDM and women without GDM using a Chi-square test for categorical

variables and an Independent Samples t-test for maternal age.

Two multivariate logistic regression models were employed. The first model
investigated the odds ratio of OASIs for women with GDM compared with women
without GDM. Data were stratified by macrosomia (IADPSG et al. 2015) and mode of
birth (spontaneous vaginal birth, forceps delivery, and vacuum extraction). The second
model investigated the likelihood of OASIs where an episiotomy was employed in the

mode of birth.

Parity was included as an interaction term in the analysis to examine if it was an effect
modifier. In model one (OASIs among women with GDM compared to women without
GDM) parity was stratified into two groups, primiparous and multiparous for women
who had a vacuum extraction and gave birth to macrosomic babies. For similar women
who had either a spontaneous vaginal birth or forceps birth, the analysis was not
stratified by parity as the interaction of parity with GDM were not significant. In model
two (OASIs among women who had episiotomies and gave birth vaginally compared to
women who had spontaneous vaginal birth without episiotomy), parity was found to be

an effect modifier in the association between episiotomy and OASIs. For this reason,
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the analysis was stratified by parity. For model two, a multi-category variable was
created for episiotomy and mode of birth, with spontaneous vaginal birth without

episiotomy the reference group.

Odds ratios (OR), adjusted odds ratios (AOR), and 95% confidence intervals (CI) were
produced. Variables associated with the outcomes in the univariate analysis (p<(0.2) and
factors identified in the literature as potentially predictive were entered in the logistic
regression model. Adjustment for the first model was made for maternal age groups (<
25 years, 25-34 years, and >35 years), maternal country of birth (Australian born,
overseas born), parity (nullipara, multipara), plurality (singleton, multiple), last birth by
caesarean section (yes, no), onset of labour (spontaneous, induction), episiotomy
performed (yes, no), hospital sector (public, private), and baby sex (male, female),
gestational age at birth (< 37 weeks, > 37 weeks). Adjustment for the second model was
made for maternal age groups, maternal country of birth, plurality (singleton, multiple),
last birth by caesarean section (yes, no), onset of labour (spontaneous, induction),
hospital sector (public, private), baby sex (male, female), and birthweight (<4000g,
>4000g). The percentages of combined episiotomy with mode of birth stratified by

parity were calculated.

Details of ethics approval

The use of de-identified data was approved by the Executive Director, Centre for
Epidemiology and Evidence, NSW Ministry of Health. Ethics approval was granted by
University of Technology Sydney Human Research Ethics Committee (UTS HREC

ETH16-0219).
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6.5 Results

During the period studied, 863 (3.6%) of women with GDM had OASIs, and 11,561
(2.6% ) women without GDM had OASIs (p <0.001). The majority of women had third-
degree perineal tears, 3.4% and 2.5 for women with without GDM respectively, with

similar fourth-degree tear rates of 0.2% between the groups.

Table 1 presents the maternal and newborn characteristics of women with and without
GDM. As seen in Table 1, the baseline maternal and newborn characteristics, there were
significant differences between women with and without GDM. Those with GDM were
were significantly older (>35y: 30.8% vs 19.5%, p<0.001), more likely to be born
overseas (51.4% vs 31.0 %, p<0.001), more likely to be induced (52.1% vs 28.6%,
p<0.001), had a higher rate of episiotomy (20.5% vs17.4%, p<0.001). However the
GDM group had a lower rate of macrosomia (7.8% vs 11.4%, p<0.001). Among women
who gave birth to macrosomic babies, there was no significant difference in the
percentage of instrumental vaginal birth between women with GDM (14.7%) and those

without GDM (15.7%) (p= 0.29).
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Table 6.1: Maternal and newborn characteristics of women who had GDM and

women without GDM

Without GDM
With GDM (n= 23965)
(n=436345) P value®
n (%) n (%)
Age (Years)
Mean (SD) 29.5 (5.6) 31.7(5.2) <0.001
less than 25 86 451 (19.8) 2090 (8.7)
25-34 264 791 (60.7) 14 485 (60.4)
35 or more 85023 (19.5) 7389 (30.8) <0001
Not stated 80 (0.0) 1 (0.0)
Country of birth
Australian born 299 042 (68.5) 11529 (48.1) < 0.001
Overseas born 135364 (31.0) 12 326 (51.4)
Not stated 1939 (0.4) 110 (0.5)
Parity
Nulliparous 183 742 (42.1) 9995 (41.7) 0.185
Multiparous 252 258 (57.8) 13 969 (58.3)
Not stated 345 (0.1) 1 (0.0)
Last birth by caesarean section®
Yes 11476 (4.5) 565 (4.0)
No 240 691 (95.4) 13 399 (95.9) 0.005
Not stated 91 (0.0) 5(0.0)
Onset of labour
Spontaneous 311695 (71.4) 11473 (47.9)
Induced 124 601 (28.6) 12491 (52.1) <0.001
Not stated 49 (0.0) 1 (0.0)
Method of birth
Spontaneous vaginal birth 366 255 (83.9) 19 595 (81.8)
Forceps 24 634 (5.6) 1666 (7.0) <0.001
Vacuum 45456 (10.4) 2704 (11.3)
Plurality
Singleton 433 210 (99.3) 23 743 (99.1)
Multiple 3135 (0.7) 222 (0.9) =000t
Episiotomy
Yes 75852 (17.4) 4923 (20.5)
No 360 412 (82.6) 19 041 (79.5) =000t
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Not stated

Hospital sector

Public

Private

Home birth/birth before arrival

Baby sex
Male
female

Not stated

Birthweight (g)
Less than 3000

3000-3499
3500-3999

4000 and over

Not stated

Gestational age (weeks)
Less than 37

37 and over

Not stated

81 (0.0)

34 2317 (78.5)
89 257 (20.5)
4771 (1.1)

221297 (50.7)
214 932 (49.3)
116 (0.0)

80 855 (18.5)
164 912 (37.8)
140 487 (32.2)

49 738 (11.4)

354 (0.1)

22 069 (5.1)
414 206 (94.9)
70 (0.0)

1 (0.0

20 287 (84.7)
3549 (14.8)
129 (0.5)

12 157 (50.7)
11 805 (49.3)
3(0.0)

5831 (24.3)
9951 (41.5)
6310 (26.3)
1863 (7.8)
10 (0.0)

1507 (6.3)
22 456 (93.7)
2 (0.0)

<0.001

0.988

<0.001

<0.001

a) Excludes not stated values.

b) Mutipara only.
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The results of the multivariate analysis are shown in Table 2. For women who gave
birth to macrosomic babies, the odds of OASIs were significantly higher among women
with GDM who gave birth by forceps (AOR 1.76, 95% CI (1.08-2.86)) or vacuum
(AOR 1.89, 95% CI (1.17-3.04)) compared to women without GDM. Women with
GDM who gave birth to macrosomic babies by spontaneous vaginal birth did not have a
significant increase in the odds of OASIs (AOR 1.07, 95% CI (0.79-1.43)) compared

with those without GDM.

A subgroup analysis, by parity, of women with macrosomic babies, showed vacuum
births in multiparous women with GDM had a significant increase in the odds of OASIs
compared to women without GDM ( AOR 2.66, 95% CI (1.14-6.22)). There was no
statistically significant increase in the primiparous groups (AOR 1.67, 95% CI (0.94-

2.98)).
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Table 6.2: OASIs by method of birth, birthweight and GDM

OASIs
Method of Number (%)
birth Without GDM
With GDM OR (95% CI)  AOR® (95% CI)
(Reference group)
Birthweight < 4000g
Spontaneous
vaginal birth 5582/323924 (1.7) 439/17995 (2.4) 1.43(1.29-1.57)  1.21*(1.09-1.34)
Forceps 2063/21434 (9.6) 184/1546 (11.9) 1.27(1.08-1.49) 1.13 (0.96-1.33)
Vacuum 1860/40813 (4.6) 145/2550 (5.7) 1.26 (1.06-1.5) 1.15 (0.96-1.37)
Birthweight > 4000g
Spontaneous

vaginal birth
Forceps

Vacuum

1273/41922 (3.0)
413/3180 (13.0)
369/4618 (8.0)

50/1590 (3.1)
23/120 (19.2)
22/153 (14.4)

1.04 (0.78-1.38)
1.59 (1.00-2.53)
1.93 (1.22-3.08)

1.07 (0.79-1.43)
1.76*(1.08-2.86)
1.89%(1.17-3.04)

a) AOR, odd ratios were adjusted for maternal age, maternal country of birth, parity, plurality, hospital sector, last birth by caesarean
section, onset of labour, episiotomy, baby sex and gestational age.
*p<0.05

Table 6.3 compares the rates of episiotomy, in women with and without GDM, analysed
by parity and mode of birth. For primarous and multiparous women who had
spontaneous vaginal, there was a statistically significant difference in rates of
episiotomy, when comparing GDM status (p<<0.001). This difference was not
statistically significant for primiparous (p=0.68) and multiparous (p=0.05) women who
had forceps-assisted birth and multiparous women who had vacuum extraction
(p=0.083). The percentage of episiotomy among primiparous women with GDM who
had a vacuum extraction was slightly higher than those without GDM (p=0.04) (Table

6.3).
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Table 6.3: Percentage of combined episiotomy and method of birth by parity and
GDM

Without P value
GDM
Parity GDM
n(%)
n(%)
Episiotomy and spontaneous vaginal <0.001
) 21239 (16.5) 1332 (20.4)
birth
Primiparous o
Episiotomy and forceps 16 973 (82.2) 1145 (82.7) 0.68
Episiotomy and vacuum 18 650 (54.1) 1172 (56.4) 0.04
Episiotomy and spontaneous vaginal <0.001
. 13 143 (5.5) 871 (6.7)
birth
Multiparous o
Episiotomy and forceps 2511 (63.0) 193 (68.9) 0.05
Episiotomy and vacuum 3303 (30.2) 209 (33.4) 0.083

Table 6.4 presents the odds ratio of OASIs by episiotomy and mode-of-birth, using the
spontaneous vaginal birth without episiotomy, analysed by GDM status and parity.
Primiparous women with GDM, who had a forceps-assisted birth, had the highest odds
of OASIs (AOR 5.30, 95% CI (3.72-7.54)). This odds ratio was reduced to 2.49, 95%
CI (2.00-3.11) when episiotomy was performed. For primiparous women without GDM,
combined episiotomy with forceps birth or vacuum extraction significantly lowered the
odds of OASIs (from 5.95, 95% CI (5.41-6.55) to 2.71 95% CI (2.55-5.89) forceps) and
(from 1.99, 95% CI (1.89-2.14) to 1.44 95% CI (1.33-1.55) vacuum). A subgroup
analysis was done for primiparous women who gave birth to macrosomic babies.
Among women with GDM episiotomy with forceps reduces the odds ratio of OASIs
from 5.38, 95% CI (1.42-20.38) to 3.21, 95% CI (1.47-7.05) compared to forceps alone.
However, this reduction was not statistically significant. For primiparous women

without GDM, the odds of OASIs was lower for women who had an episiotomy with
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forceps than women who did not have an episiotomy, ( from 4.07, 95% CI (3.15-5.26)

to 1.86, 95% CI (1.58-2.18)).

Table 6.4: OASIs by method of birth, episiotomy and GDM

OASIs
Number (%)

OR (95% CI)

AOR:® (95% CI)

Primiparous

Spontaneous vaginal birth-no episiotomy
Spontaneous vaginal birth-episiotomy
Forceps-no episiotomy
Forceps-episiotomy

Vacuum-no episiotomy
Vacuum-episiotomy

Multiparous

Spontaneous vaginal birth-no episiotomy
Spontaneous vaginal birth-episiotomy
Forceps-no episiotomy
Forceps-episiotomy

Vacuum-no episiotomy

Vacuum-episiotomy

Primiparous

Spontaneous vaginal birth-no episiotomy
Spontaneous vaginal birth-episiotomy
Forceps-no episiotomy
Forceps-episiotomy

Vacuum-no episiotomy
Vacuum-episiotomy

Multiparous

Spontaneous vaginal birth-no episiotomy
Spontaneous vaginal birth-episiotomy
Forceps-no episiotomy
Forceps-episiotomy

Vacuum-no episiotomy

Vacuum-episiotomy

With GDM

258/5198 (5.0)
66/1332 (5.0)
47/240 (19.6)

141/1145 (12.3)
71/907 (7.8)
79/1172 (6.7)

143/12192 (1.2)
22/871 (2.5)
5/87 (5.7)
14/193 (7.3)
7/416 (1.7)
10/209 (4.8)

Without GDM

3822/107332 (3.6)

827/21234 (3.9)
612/3664 (16.7)
1620/16972 (9.5)
968/15823 (6.1)
932/18648 (5.0)

1966/224097 (0.9)

237/13142 (1.8)
97/1472 (6.6)
147/2511 (5.9)
226/7644 (3.0)
100/3302 (3.0)

Reference
1.00 (0.76-1.32)
4.66 (3.31-6.57)
2.69 (2.17-3.34)
1.63 (1.24-2.14)
1.38 (1.07-1.80)

Reference

2.18 (1.39-3.44)
5.14 (2.05-12.86)
6.59 (3.73-11.63)
1.44 (0.67-3.10)
4.23(2.20-8.16)

Reference
1.09 (1.01-1.18)
5.44 (4.96-5.97)
2.87 (2.70-3.04)
1.77 (1.64-1.90)
1.42 (1.32-1.53)

Reference
2.07 (1.81-2.38)
7.91 (6.40-9.76)
7.03 (5.93-8.35)
3.45 (3.00-3.96)
3.61 (2.95-4.41)

Reference
0.97 (0.73-1.29)
5.30%(3.72-7.54)
2.49%(2.00-3.11)
1.79%(1.35-2.36)
1.42%(1.09-1.86)

Reference

2.47%(1.55-3.93)

5.65%(2.21-14.43)

5.23%(2.85-9.60)
1.56 (0.72-3.38)
3.85%(1.94-7.64)

Reference
1.10*(1.02-1.19)
5.95*%(5.41-6.55)
2.71*%(2.55-2.89)
1.99%(1.85-2.14)
1.44*(1.33-1.55)

Reference
2.06%(1.79-2.36)
6.20%(4.96-7.74)
3.75%(3.12-4.50)
3.11%(2.69-3.59)
2.34%(1.89-2.89)

a) AOR, odd ratios were adjusted for maternal age, maternal country of birth, plurality, hospital sector, last birth by caesarean

section, the onset of labour, baby sex and birthweight.
*p<0.05.
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6.6 Discussion

Our study results show that women with GDM who gave birth to macrosomic baies and
had an instrumental vaginal birth , had an increase in the odds of OASIs compared to
women without GDM. However, this association was not significant among women
who gave birth to macrosomic babies. This study confirms that among primiparous with
GDM and all women without GDM, that when a forceps birth is indicated performing

an episiotomy is protective against OASIs.

Gestational diabetes is associated with an increase in birthweight (HAPO Study
Cooperative Research Group 2008) and the risk of shoulder dystocia when compared
with women without GDM giving birth to babies within the same birthweight group
(Christoffersson & Rydhstroem 2002; Esakoff et al. 2009). In addition, among women
with GDM, instrumental vaginal birth is associated with increased risk of shoulder
dystocia compared to spontaneous vaginal birth (Athukorala et al. 2007). The
combination of these risk factors may explain why women with GDM who gave birth to
macrosomic babies by instrumental vaginal birth had significantly higher odds of
having OASIs compared to women without GDM. This interaction could be supported
by our findings that there was no significant increase in odds of OASIs in GDM women
who gave birth to macrosomic babies spontaneously or, in women without GDM with
instrumental birth to babies less that 4000g. However, these non-significant results may

be due to the small numbers in these subgroups.

Previously published studies show that an episiotomy with an instrumental vaginal birth

is associated with reducing the risk of OASIs (Ampt et al. 2013; de Vogel et al. 2012;
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Gurol-Urganci et al. 2013). Guidelines published by both the Royal College of
Obstetricians and Gynaecologists (RCOG) in 2011(RCOG 2011a) and the Royal
Australian and New Zealand College of Obstetricians and Gynaecologists (RANZCOG)
in 2016 (RANZCOG 2016) state that in the absence of robust evidence, routine
episiotomy with instrumental delivery cannot be recommended and that the use of an
episiotomy should be at the decision of the operator. In contrast, the 2015 RCOG
practice guideline (The Management of Third- and Fourth-Degree Perineal Tears)
recommends performing an episiotomy with instrumental births (RCOG 2015). Our
results among primiparous women with GDM and all women without GDM, confirm
the results published by Ampt et al. (2013) and Gurol-Urganci et al. (2013) that, an
episiotomy with forceps birth reduces the odds of OASIs compared to forceps
alone(Ampt et al. 2013; Gurol-Urganci et al. 2013). However, we found that
episiotomy at the time of spontaneous vaginal birth increased the odds of OASIs among
multiparous women with and without GDM. In contrast, amongst primiparous women
with GDM having a spontaneous vaginal birth there was no difference with episiotomy.
Even though, episiotomy with spontaneous vaginal birth was associated with
statistically significant increase in the odds of OASIs among primiparous women
without GDM. This increase may not be clinically significant as the difference in the
percentage of OASIs was only 0.3% between spontaneous vaginal birth with and

without episiotomy.

Strengths and limitations

A strength of this study is the use of the PDC, a statewide epidemiological collection of

all births in NSW. We provide population-based evidence of an association between
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episiotomy and a reduction of OASIs among women with GDM. However, a validation
study of the GDM detection in PDC shows a sensitivity of 63.3%, (95% CI 49.4-75.7)
(Bell et al. 2008). This sensitivity suggests information bias as it reflects the period
before the 2013 ADIPS guideline stating all women should have universal screening for
GDM (Nankervis et al. 2013). Therefore, our findings should be interpreted with this

caveat.

A limitation of this study is that information on shoulder dystocia is not collected or
available from the PDC, therefore we were unable to adjust for this condition in the
analysis. Country of birth was used as a proxy for the OASIs and GDM risk factor
(Gurol-Urganci et al. 2013; RCOG 2011b) ethnicity, which was not available in the
PDC. There was no information available on the compliance of antenatal care providers

to the ADIPS GDM screening and diagnosis guidelines.
Conclusion

There was a higher rate of OASIs among women with GDM. The risk of OASIs
associated with instrumental births and birthweight > 4000g should be discussed with
women with GDM. Our results among primiparous women with GDM and all women
without GDM who have forceps birth provide evidence to support the RCOG’s general

recommendation to perform mediolateral episiotomy with instrumental vaginal birth.

6.7 Chapter summary

This chapter investigated the association between GDM and the risk of OASIs stratified

by method of birth and birthweight. It also investigated the association between
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performing an episiotomy with a specific method of birth and the risk of OASIs for

these women compared to women without diabetes. The key points of this chapter are:

e The proportion of OASIs among women with GDM was 3.6% compared to
2.6% among women without GDM.

e  Women with GDM who had an instrumental vaginal birth (forceps or vacuum)
of a baby(s) with a birthweight >4000g had a significant increase in the odds of
OASIs compared to women without GDM.

e (Combined episiotomy with a forceps birth was associated with a significant
decrease in the odds of OASIs among primiparous women with GDM and all

women without GDM.
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Chapter 7: Study four: Birth intervention, maternal
and neonatal outcomes for women with diabetes
during pregnancy giving birth in public and private

hospitals
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7.1 About this chapter

As seen in Chapter 4, interventions among women with diabetes are higher than
interventions among women without diabetes. This chapter will compare the perinatal
outcomes for women giving birth with diabetes by public private hospital sector, and it
is again presented in the form of a paper for publication. Specifically, the chapter will
compare rates of adverse perinatal outcomes between women with diabetes during
pregnancy who gave birth to term singleton babies in public hospitals and those who

gave birth in private hospitals.

This study is the first population-based study in the literature to investigate the
association between giving birth in public or private hospitals and perinatal outcomes
for women with diabetes during pregnancy.

The rate of women with GDM included in this chapter is during the period between
2002 and 2012. For this reason, it is lower than the rate included in the literature review
which is during the period after the publication of new ADIPS (Nankervis et al. 2013)
Guideline that recommended a new diagnosis criteria for GDM. More women are likely
to be diagnosed with GDM using the new diagnostic guidelines thus explaining the

difference.
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7.2 Abstract

Objectives: To examine the rate of obstetric interventions for women with diabetes
during pregnancy and to investigate the association of hospital sector (public and
private) and perinatal outcomes for women with diabetes during pregnancy and their
babies.

Method: A population-based study of all women with diabetes during pregnancy (pre-
existing and gestational diabetes (GDM)) who gave birth in New South Wales (NSW)
Australia to term singleton babies between 1 January 2002 and 31 December 2012.
Maternal characteristics and obstetric interventions were compared using Chi-square
test. Adjusted odds ratios (AOR) and 95% confidence interval (CI) for perinatal
outcomes were calculated by multivariable logistic regression. AOR and 95% CI for
perinatal death were calculated using Poisson regression.

Results: One in five women (21.9%) with pre-existing diabetes and just over one in six
(17.4%) women with GDM gave birth in private hospitals. The rate of spontaneous
vaginal birth was higher in public hospitals than in private hospitals, for both women
with pre-existing diabetes (public 42.6% vs private 38.7%) and women with GDM
(public 56.8% vs private 40.4%). The rate of admission to NICU/SCN was higher
among term singleton babies born to women with pre-existing diabetes in public
hospitals than in private hospitals (AOR 2.44, 95% CI (2.08-2.87)). Term singleton
babies born to women with GDM in public hospitals had poorer neonatal outcomes that
those born in private hospitals, although the study was not able to control for all factors
that could explain the differences.

Conclusion: Several socio-demographic factors are associated with poorer outcomes in
public hospitals. Further research is needed to investigate the association of hospital

sector and perinatal outcomes for women with diabetes during pregnancy.
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7.3 Introduction

Diabetes during pregnancy includes both pre-existing diabetes (type 1 and 2) and
gestational diabetes mellitus (GDM). In New South Wales (NSW), 0.9% of pregnant
women are affected by pre-existing diabetes and 12.6% by GDM (Centre for
Epidemiology and Evidence 2017). Diabetes during pregnancy is associated with an
increase in obstetric interventions and adverse perinatal outcomes (Billionnet et al.
2017; Maso et al. 2014). Women with diabetes during pregnancy have a higher rate of
caesarean section and instrumental vaginal birth (Billionnet et al. 2017; Farrar et al.
2016).

Maternity care in Australia has a two-tiered health care system: a publicly funded,
hospital-based model; and a private consultant model. In NSW 76.9% of women gave
birth under the hospital-based model, and the remaining 23.1% had private consultant
care (Centre for Epidemiology and Evidence 2017). A small percentage (4.8%) of
women with private care will give birth in a public hospital, either for medical reasons
or the woman’s preference (Robson, Laws & Sullivan 2009).

In NSW between 1998 and 2002, 16% of women with diabetes during pregnancy gave
birth in private hospitals and 84% gave birth in public hospitals (Shand et al. 2008). It is
unknown if the former had different rates of birth interventions and different perinatal
outcomes from the latter.

Previous studies have investigated the difference in the rate of obstetric intervention
between public and private hospitals among women in the general population in
Australia (Dahlen et al. 2012; Dahlen et al. 2014; Einarsdottir et al. 2013; Robson, Laws
& Sullivan 2009; Shorten & Shorten 2002). Results from these studies show women

who gave birth in private hospitals experienced more obstetric interventions than those
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giving birth in public hospitals; this includes higher rates of caesarean section,
instrumental vaginal birth and episiotomy.

Results are inconsistent regarding adverse perinatal outcomes. Results from an
Australian population-based study by Robson, Laws and Sullivan (2009) showed that
singleton babies born to women who gave birth in public hospitals were at higher risk of
adverse neonatal outcomes. Associated measurements included a five minutes Apgar
score of less than seven; the requirement for higher levels of neonatal resuscitation;
increased odds of admission to a neonatal intensive care unit (NICU) or special care
nursery (SCN); and being at higher risk of perinatal death (Robson, Laws & Sullivan
2009). However, in another population-based study conducted in NSW, Dahlen et al.
(2014) found that among low-risk women, birth in private hospital was associated with
higher rates of neonatal morbidity, although there was no difference in perinatal
mortality compared to birth in a public hospital (Dahlen et al. 2014). A population-
based study in Western Australia (WA) showed that singleton babies born in private
hospitals had a lower Apgar score of less than seven but a higher rate of admission to
NICU than those born in public hospitals (Einarsdéttir et al. 2013). The differences in
the findings of these studies can be due in part to different study populations and the
variation in the policies that may have been used across the sectors.

Previously published population-based studies have examined the rate of inventions and
perinatal outcomes in the general obstetric population and among low-risk women. As
will be explained in the next section, this study aimed to use the NSW Perinatal Data
Collection (PDC) to compare adverse perinatal outcomes between public and private
hospitals for women with diabetes during pregnancy who gave birth to term singleton
babies. To exclude complex pregnancies with diabetes during pregnancy only women

with term singleton pregnancies were included in the study population.
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7.4 Method

Study design

Population-based retrospective cohort study using NSW PDC.

Data source

The NSW PDC is a population-based surveillance system (CHeReL 2016b). It includes
all births occurring in NSW public and private hospitals as well as home births. Women
giving birth to live births and stillbirths of at least 20 weeks or at least 400g birthweight
are included in the database. One third of the Australian population lives in NSW, and
more than 95,000 women give birth in this state annually (Australian Bureau of
Statistics 2016; Centre for Epidemiology and Evidence 2015).

The NSW PDC is based on electronic forms that are completed at birth by the
attendants. Information on maternal demographics, maternal health, pregnancy,
obstetric complications, labour and birth as well as perinatal outcomes are included in
the completed form. The forms are submitted to NSW Ministry of Health where the
information is validated and compiled into the state-wide PDC.

Study population

Of the 933,626 women who gave birth to term singleton babies in NSW from 1 January
2002 to 31 December 2012, the 51,185 (5.5%) women with diabetes during pregnancy
were included in this study. To focus on a hospital births, babies born at home and those
born before arrival at the hospital (n= 142, 0.3%) were excluded from the study
population; therefore 51,043 women were included. Of these, 4,753 (9.3%) had pre-
existing diabetes (type 1 and 2) and 46,290 (90.7%) had GDM. Only live-birth term
singleton babies (n= 50,914) were included in the multivariate analysis of neonatal

outcomes. Of these, 270 (0.5%) singleton babies admitted to NICU due to a diagnosis of
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one or more congenital anomalies were excluded from the analysis; therefore 50,644
were included.

Study factors and Outcomes

Pre-existing diabetes includes type 1 and type 2 diabetes. GDM is defined as glucose
intolerance that is diagnosed for the first time during pregnancy; it may include
hyperglycemia induced by pregnancy or previously undiagnosed existing abnormalities

of glucose tolerance (Nankervis et al. 2013).

During the study period, the Australian Diabetes in Pregnancy Society (ADIPS)
guideline (Hoffman et al. 1998), which recommends diagnosis of GDM using 75g 2-
hours oral glucose tolerance test (OGTT) was used. GDM was diagnosed if fasting
venous plasma glucose level was > 5.5 mmol/L and/or if venous plasma glucose level

was > 8.0 mmol/L at 2-hours following 75g OGTT.

Maternal outcomes included third- and fourth-degree perineal tear and postpartum
haemorrhage (PPH) requiring blood transfusion. The multivariate analysis for maternal
outcomes included women who gave birth from 1 January 2007 to 31 December 2012
for two reasons: First, the data item perineal status was recorded as (Intact, 1st degree
tear/graze, 2nd degree tear, 3rd degree tear, 4th degree tear, episiotomy, combined tear
and episiotomy, other) prior to 2007. Therefore, it was not possible to identify the
degree of perineal tear combined with episiotomy. From 2007, the perineal status was
recoded as (Intact, 1st degree tear/graze, 2nd degree tear, 3rd degree tear, 4th degree
tear, other). The second reason is that the recording of PPH in the PDC started in 2006;
however, for 2006, 61% of the records were not stated.

Neonatal measures and outcomes included five minute Apgar score less than seven;

neonate admission to NICU or SCN; high-level resuscitation that included intubation

141



and intermittent positive pressure respiration, external cardiac massage and ventilation;

and baby transfer to another hospital.

Statistical analysis

Woman’s and baby’s characteristics as well as birth intervention were compared
between private and public hospitals of birth using a Chi-square test. Multivariate
logistic regression was used to investigate the likelihood of perinatal outcomes, and
Poisson regression was used to investigate the likelihood of stillbirth and perinatal
death. AOR and 95% CI were produced. Variables associated with the outcomes in the
univariate analysis (p <0.2) and factors identified in the literature as potentially
predictive were entered in the regression model. Odds ratios for maternal outcomes
were adjusted for maternal age (groups), parity, smoking during pregnancy, method of
birth, last birth by caesarean section, maternal country of birth, birthweight (groups),
episiotomy, and maternal and pregnancy-associated hypertension. Odds ratios for
neonatal outcomes and perinatal death were adjusted for method of birth, parity,
maternal age (groups), maternal country of birth, smoking during pregnancy,
birthweight (groups), and maternal and pregnancy-induced hypertension.

The analysis was performed using Statistical Package for Social Science software SPSS
Version 24.0 (Armonk, NY: IBM Corporation). p value < 0.05 was considered
statistically significant.

Ethics

Ethical approval was granted by University of Technology Sydney Human Research
Ethics Committee (UTS HREC ETH16-0219). The use of the de-identified data was
approved by Executive Director, Centre for Epidemiology and Evidence, NSW Ministry

of Health.
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7.5 Results

Characteristics and obstetric interventions of women with pre-existing diabetes and
women with GDM who gave birth in private and public hospitals are presented in
Tables 7.1 and 7.2. Of women with pre-existing diabetes 21.9% and 17.4% of women
with GDM gave birth in private hospitals. The proportion of women aged less than 30
years was lower among women who gave birth in private hospitals than those gave birth
in public hospitals (private 20.4% vs public 35.9%, p <0.001) for women with pre-
existing diabetes) (private 15.5% vs public 33.5%, p <0.001 for women with GDM).
The proportion of women who smoked was significantly lower among women who
gave birth in private hospitals than those who gave birth in public hospitals (private
1.8% vs public 15.5%, p <0.001 for women with pre-existing diabetes) (private 1.7% vs
public 10.7%, p <0.001 for women with GDM) (Tables 7.1 & 7.2).

Of women with pre-existing diabetes who gave birth in private hospitals, 11.0% had an
instrumental vaginal birth compared to 7.7% of women who gave birth in public
hospitals (p <0.001). No labour caesarean sections were performed on 32.6% of women
with pre-existing diabetes who gave birth in private hospitals and 30.7% of those who
gave birth in public hospitals (p <0.001). Labour caesarean sections were needed in
17.8% of women with pre-existing diabetes who gave birth in private hospitals and
19.0% of those who gave birth in public hospitals. The rate of episiotomy was also
higher in private hospitals (13.4%) than in public hospitals (8.0%) (Table 7.1).

Among women with GDM, the proportion of induction of labour was similar among
women who gave birth in private hospitals (41.2%) and women who gave birth in
public hospitals (41.1%) (Table 7.2). Although, the rate of induction of labour was
similar in public and private hospitals, gestational age at the time of induction of labour

was different. Ninety-one percent of women with GDM who had induction of labour in
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private hospitals were induced between 38 to 40 weeks of gestation compared to 82.6%
among women who were induced in public hospitals. Among women who had
induction of labour in public hospitals, 10.1% had induction of labour after 40 weeks of
gestation (4143 weeks); this proportion was 3.9% among women who had induction of
labour in private hospitals. The rate of no-labour caesarean section was significantly
higher among women who gave birth in private hospitals than those who gave birth in
public hospitals (private 29.9% vs public 18.4%, p <0.001) (Table 7.2). Among women
who gave birth in public hospitals, 44.7% of women with pre-existing diabetes and
40.9% of women with GDM gave birth in level 6 (tertiary) hospitals.

The rate of women who gave birth to live-born term singleton babies with birthweights
0of>4,000g were higher among women who gave birth in public hospitals (23.2% for
women with pre-existing diabetes, 12.2% for women with GDM) than women who gave
birth in private hospitals (17.4% for women with pre-existing diabetes, 9.7% for women

with GDM).
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Table 7.1: Characteristics and interventions for women with pre-existing diabetes

20022012

Private (n=1,041) Public (n=3,712) p value
Maternal age (Years)
Less than 20 1(0.1) 65 (1.8)
20-29 211 (20.3) 1,268 (34.2)
30-39 743 (71.4) 2,092 (56.4) =000l
>=40 86 (8.3) 287 (7.7)
Born in Australia
Yes 777 (74.6) 2,298 (61.9)
No 258 (24.8) 1408 (37.9) <0001
Not stated 6 (0.6) 6 (0.2)
Parity
Primiparous 472 (45.3) 1,242 (33.5)
Multiparous 566 (54.4) 2,465 (66.4) <0.001
Not stated 3(0.3) 5(0.1)
Smoking status
Smoked 19 (1.8) 574 (15.5)
Did not smoke 1022 (98.2) 3,126 (84.2) <0001
Not stated 0 (0.0) 12 (0.3)
Type of labour
Spontaneous 192 (18.4) 1,001 (27.0)
Induction of labour 510 (49.0) 1,572 (42.3) <0.001
No labour 339 (32.6) 1,139 (30.7)
Method of birth
Spontaneous vaginal® 403 (38.7) 1,580 (42.6)
Instrumental vaginal 114 (11.0) 286 (7.7) 0.002
No labour CS 339 (32.6) 1,139 (30.7)
Labour CS 185 (17.8) 707 (19.0)
Episiotomy
Yes 139 (13.4) 296 (8.0)
No 901 (86.6) 3,416 (92.0) <0.001
Not stated 1(0.1) 0 (0.0)
Gestational age
37 149 (14.3) 673 (18.1)
38 403 (38.7) 1,403 (37.8)
39 321 (30.8) 973 (26.2) <0.001
40 145 (13.9) 467 (12.6)
41 or more 23 (2.2) 196 (5.3)

a includes vaginal breech birth
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Table 7.2: Characteristics and interventions for women with GDM 2002-2012

Private (n=8034) Public (n=38256) p value
Maternal age (Years)
Less than 20 8(0.1) 455 (1.2)
20-29 1,241 (15.4) 12,345 (32.3)
30-39 6,001 (74.7) 22,521 (58.9) <0001
>=40 781 (9.7) 2,933 (7.7)
Not stated 3(0) 2 (0)
Born in Australia
Yes 4,840 (60.2) 18,087 (47.3)
No 3,138 (39.1) 20,077 (52.5) =000l
Not stated 56 (0.7) 92 (0.2)
Parity
Primiparous 3,699 (46) 14,780 (38.6)
Multiparous 4,327 (53.9) 23,461 (61.3) <0001
Not stated 8 (0.1) 15 (0)
Smoking status
Smoked 136 (1.7) 4,081 (10.7)
Did not smoke 7,896 (98.3) 34,000 (88.9) <0001
Not stated 2(0.0) 175 (0.5)
Type of labour
Spontaneous 2,308 (28.7) 15,508 (40.5)
Induction of labour 3,314 (41.2) 15,722 (41.1) <0.001
No labour 2,404 (29.9) 7,025 (18.4)
Not stated 8(0.1) 1 (0)
Method of birth
Spontaneous vaginal® 3,256 (40.5) 21,727 (56.8)
Instrumental vaginal 1,167 (14.5) 3,860 (10.1) <0.001
No labour CS 2,404 (29.9) 7,025 (18.4)
Labour CS 1,198 (14.9) 5,639 (14.7)
Not stated 9(0.1) 5(0)
Episiotomy
Yes 1,428 (17.8) 4,182 (10.9)
No 6,605 (82.2) 34,074 (89.1) =000t
Not stated 1 (0.0) 0(0.0)
Gestational age (weeks)
37 752 (9.4) 3,498 (9.1)
38 2,757 (34.3) 10,364 (27.1)
39 2,772 (34.5) 13,193 (34.5) <0.001
40 1,544 (19.2) 8,292 (21.7)
41 or more 209 (2.6) 2,909 (7.6)

a includes vaginal breech birth
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Table 7.3 presents a multivariate analysis of maternal outcomes by hospital sector for
both women with pre-existing diabetes and women with GDM. Among women with
GDM, there was a significant increase in the odds of third- and fourth-degree perineal
tear among women who gave birth in public hospitals compared with women who gave
birth in private hospitals (AOR 3.58, 95% CI (2.55-5.01)). There was no significant
difference in the odds of postpartum haemorrhage between women who gave birth in

public hospitals and those who gave birth in private hospitals.

Table 7.3: Maternal outcomes in private and public hospitals, women with pre-

existing diabetes and women with GDM 2007-2012

Private® Public

n (%) n (%) OR (95% CI)  AOR (95% CI)

Pre-existing diabetes

Third- and fourth-

degree perineal tear™ Total =326 Total =1,030
4(1.2) 22 (2.1) 1.76 (0.60-5.14) 1.74 (0.51-5.88)
Postpartum
haemorrhage® Total = 643 Total =2,116
2(0.3) 23(1.1)  3.51(0.83-14.94) 3.6 (0.76-16.96)
GDM

Third- and fourth-
degree perineal tear™  Total = 2,708 Total =15,831

38(1.4) 648 (4.1) 3(2.16-4.17)  3.58% (2.55-5.01)
Postpartum
haemorrhage® Total = 5,059 Total =23,935

57 (1.1) 273 (1.1) 1.01 (0.76-1.35) 1.05 (0.78-1.41)

a Reference group

b Odds ratios for third and fourth degree perineal tear were adjusted for women age groups, parity, smoking during pregnancy,
method of birth, last birth by caesarean section, maternal country of birth, birthweight groups, episiotomy, maternal- and pregnancy-
associated hypertension.

¢ Vaginal birth only

d Odds ratios for postpartum haemorrhage were adjusted for women age groups, parity, smoking during pregnancy, method of birth,
last birth by caesarean section, maternal country of birth, birthweight groups, maternal- and pregnancy-associated hypertension.

* Significant

There were three (0.8/1000) neonatal deaths among term singleton babies born to
women with pre-existing diabetes in public hospitals. There were no neonatal deaths

among those born in private hospitals.
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Neonatal outcomes for live-born term singleton babies by hospital sector are shown in
Table 7.4. For live-born term singleton babies born to women with pre-existing
diabetes, there was a significant increase in the odds of admission to NICU/SCN among
live-born term singleton babies born in public hospital compared with those born in
private hospitals (AOR 2.44, 95% CI (2.08-2.87)). There was a 77% increase in the
likelihood for transfer to another hospital among those born in public hospitals
compared to those born in private hospitals (AOR 1.77, 95% CI (1.11-2.84)) (Table
7.4). There was no significant increase in the odds of the needs for high-level neonatal
resuscitation or Apgar score less than seven. However, there was a significant decrease
in the odds of the need for any neonatal resuscitation among live-born term singleton
babies born in public hospitals compared to those born in private hospitals (AOR 0.58,
95% CI (0.5-0.69)). This decrease is due to the lower rate of suction and oxygen
therapy.

Live-born term singleton babies born to women with GDM in public hospitals had two-
and-a-half times the increase in the likelihood of a five minute Apgar score less than
seven compared to those born in private hospitals (AOR 2.49, 95% CI (1.84-3.38)). The
odds of both the need for high-level neonatal resuscitation and the admission to
NICU/SCN were higher among live-born term singleton babies born to women with
GDM in public hospitals than those born in private hospitals (AOR 1.45, 95% CI (1.30-
1.63), and AOR 1.35, 95% CI (1.27-1.43), respectively). However, there was a 50%
decrease in the odds of the need for any resuscitation among live-born term singleton
babies born in public hospitals compared to those born in private hospitals (AOR 0.50,
95% CI(0.47-0.53)). This decrease is due to the lower rate of suction and oxygen

therapy.
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Live-born term singleton babies born in public hospitals were four times more likely to
transfer to another hospital than those born in private hospitals (AOR 4.44, 95% CI
(3.40-5.79)) (Table 7.4). The total perinatal death rate was 5.5/1000 among women with
pre-existing diabetes and 2.2/1,000 among women with GDM. There was statistically
significant increase in the odds of perinatal death among live-born term singleton babies
born to women with GDM in public hospitals compared to those born in the private

hospitals (AOR 2.16, 95% CI (1.03-4.54)).
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Table 7.4: Neonatal outcomes of term singletons born to women with diabetes by

hospital sector® 20022012

Private® Public
n (%) n (%) OR (95% CI) AOR* (95% CI)
Pre-existing diabetes

1038 3672
5 min Apgar score <7¢ 10 (1.0) 59 (1.6) 1.69 (0.86-3.31) 1.81(0.88-3.72)
High-level resuscitation 4(0.4) 24 (0.7) 1.71 (0.59-4.93) 2.08 (0.57-7.61)
Admission to NICU/SCN 391 (37.7) 2040 (55.9)  2.10(1.82-2.42)  2.44* (2.08-2.87)
Transferred to a higher level
facility! 24 (2.3) 145 (4) 1.75 (1.13-2.71)  1.77* (1.11-2.84)
Perinatal death 1 (1.0) 25 (6.8)° 7.077(0.96-52.18)  5.077(0.63-41.06)
Stillbirth 1 (1.0)° 22 (6.0)¢ 1.017(0.94-1.08)  1.007(0.93-1.08)
Neonatal deaths? 0 (0.0) 3(0.8) - -

GDM

8009 38053
5 min Apgar score <7¢ 48 (0.6) 512 (1.3) 2.27(1.68-3.05)  2.49* (1.84-3.38)
High-level resuscitation? 15(0.2) 228 (0.6) 3.20(1.90-5.40)  3.19* (1.87-5.43)
Admission to NICU/SCd 2003 (25) 11238 (29.6)  1.26(1.19-1.33)  1.35*(1.27-1.43)
Transferred to a higher level
facility? 60 (0.8) 1016 (2.7) 3.64 (2.8-4.73) 4.44* (3.40-5.79)
Perinatal death 8 (1.0)° 95 (2.5)° 2.507(1.21-5.14)  2.16™(1.03-4.54)
Stillbirth 8 (1.0)° 80 2.1)¢ 1.007(0.98-1.03)  1.007(0.98-1.03)
Neonatal deaths ¢ 0 (0.0)¢ 15 (0.4) - -

a Excludes babies who admitted to NICU due to one or more congenital anomalies.

b Reference group.

¢ Odd ratios adjusted for method of birth, parity, maternal age group, maternal country of birth, smoking during pregnancy,
birthweight groups, maternal- and pregnancy-induced hypertension.

d live-birth only

e Per 1000

f Poisson regression
* Significant

7.6 Discussion

This study is the first population-based study in the literature to compare adverse
perinatal outcomes between public and private hospitals for women with diabetes
during pregnancy and their babies. The results show that among women with GDM the
rate of no-labour caesarean section was significantly higher among women who gave
birth in private hospitals than those who gave birth in public hospitals, while this rate

was comparable among women with pre-existing diabetes. The rate of induction of
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labour was similar among women with GDM who gave birth in private hospitals and
those who gave birth in public hospitals. Women with GDM who gave birth in public
hospitals had higher odds of third- and four-degree perineal tear. The odds of admission
to NICU/SCN and transfer to a higher-level facility were higher in term singleton babies
born to women with GDM in public hospitals than those born in private hospitals. Being
born in a public hospital was associated with increased likelihood of adverse neonatal
outcomes for term singleton babies born to women with GDM.

The study results confirm previously published results from population-based studies
conducted using Australian National Perinatal Data Collection (Robson, Laws &
Sullivan 2009) and population-based studies conducted in NSW (Dahlen et al. 2012;
Dahlen et al. 2014) and WA (Einarsdottir et al. 2013) that the rate of obstetric
interventions is higher in private hospitals than in public hospitals. However, the study
results show that among women with pre-existing diabetes, the rate of no-labour
caesarean section in private hospitals was marginally higher than in public hospitals
(private 32.6% vs public 30.7%). Although this increase was statistically significant, it
may not be clinically significant. The similar rate of no-labour caesarean section among
women with pre-existing diabetes in both public and private hospitals may reflect the
level of obstetric complications among women with pre-existing diabetes.

The odds of third- and fourth-degree perineal tear were three times higher among
women with GDM who gave birth in public hospitals compared to those who gave birth
in private hospitals. This association remained significant after adjusting for episiotomy,
birthweight and other potential confounders. Similar results were published by Robson
et al. (2009) (Robson, Laws & Sullivan 2009). In a previously published study on the
NSW general population, Dahlen et al. (2014) found that the rate of third- and fourth-

degree perineal tear was 5.4% among primiparous women who gave birth in public
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hospitals compared to 4.7% among those who gave birth in private hospitals. However,
the rate of third- and fourth-degree perineal tear was similar among multiparous women
who gave birth in public and private hospitals (0.9%) (Dahlen et al. 2014).

Consistent with previously published studies on NSW (Dahlen et al. 2014), WA
(Einarsdottir et al. 2013) and the Australian general populations (Robson, Laws &
Sullivan 2009), this study found that live-born term singleton babies born to women
with GDM in public hospitals had an increase in the likelihood of five minute Apgar
score less than seven.

As for term singleton babies in the Australian general population (Robson, Laws &
Sullivan 2009), the likelihood of the need for high-level neonatal resuscitation was
higher among term singleton babies born to women with GDM in the public hospitals
compared to those born in private hospitals. This study’s analysis investigating ‘any
neonatal resuscitation’ found that being born in public hospitals was associated with
about a 50% decrease in the odds of the need for any neonatal resuscitation. This result
is similar to the findings published by Dahlen et al. (2014), who found a significant
decrease of any type of neonatal resuscitation among term singleton babies born to low-
risk women in NSW public hospitals compared to those born in private hospitals. For
example, there was twice the rate of routine suctioning among babies born in private
hospitals compared to those who born in public hospitals (Dahlen et al. 2014). Among
this study’s population, the increase in any type of neonatal resuscitation was due to a
higher rate of suction and oxygen therapy in private hospitals compared to public
hospitals. Among low-risk women, (Einarsdottir et al. 2013) found that there was no
significant difference in the rate of the need for endotracheal intubation or external
cardiac massage between babies born in private hospitals and those who born in public

hospitals in WA (Einarsdottir et al. 2013).
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For both live-born term singleton babies born to women with pre-existing diabetes and
those who born to women with GDM, the odds of admission to NICU/SCN was higher
among live-born term singleton babies born in public hospitals than those born in
private hospitals. Although this study’s result is similar to the findings published by
Robson et al. (2009) (Robson, Laws & Sullivan 2009), it is inconsistent with those of
Einarsdottir et al. (2013) (Einarsdottir et al. 2013) who found a significant reduction in
admission to SCN among term singleton babies born in public hospitals. Similarly, the
study results are inconsistent with those of Dahlen et al. (2014) (Dahlen et al. 2014)
who did find a significant difference in the odds of admission to NICU/SCN between
singletons born to-risk women in public and private hospitals. These differences can be
explained by the differences in population and in policies adopted across the sector
institutions. Babies born to women with diabetes during pregnancy are routinely
admitted to NICU due to asymptomatic hypoglycaemia and other conditions (NICE
2015). The total perinatal death rate among term singleton babies born to women with
GDM was similar to the Australian national rate of perinatal death among term babies to
the period from 2006 to 2012, which ranged from 1.8/1,000 in 2012 (Hilder L et al.
2014) to 2.2/1,000 in 2009 (Li et al. 2011). In contrast, the total perinatal death rate
among term singleton babies born to women with pre-existing (5.5/1000) diabetes was
significantly higher when compared to the national Australian rate for term babies.

By using Perinatal Data Collection, a population-based validated dataset of NSW births
(Roberts et al. 2009), this study provides high-level population evidence on the
association of birth hospital sector (public, private) and perinatal outcomes for women
with diabetes during pregnancy and their babies. The use of large population data allows
for the adjustment of important factors such as birthweight, episiotomy, parity, maternal

and obstetric hypertension, and other socio-demographic factors.
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The study has some limitations. Adjustment for obesity or shoulder dystocia was not
done due to the unavailability of data in the NSW PDC. To reduce the effect of not
being able to investigate obesity and shoulder dystocia the analysis adjusted for
birthweight groups. As well, no adjustment was possible for other maternal socio-
demographic factors such as Indigenous status, remoteness and socio-economic status
due to the lack of extraction of this information. This may affect the analysis as
hospitalisation in public hospitals is higher in remote and very remote areas than in
major cities and with higher lower socio-economic groups than with higher socio-
economic groups; his contrasts with the private hospitals profile, where hospitalisation
is higher in major cities than in remote and very remote areas and higher among areas
classified as having the highest socio-economic status (AIHW 2017b). Another
limitation is the lack of NSW PDC data about the reasons for admission to NICU.
Information on patient’s insurance status is not available in NSW PDC, but this would
have affected the analysis minimally because in Australia only 4.8% of privately
insured women give birth in public hospitals and 1.1% uninsured women gave birth in
private hospitals (Robson, Laws & Sullivan 2009). This study’s database does not
include information on management and treatment of diabetes during pregnancy, and
therefore did not allow the determination of the severity of the diabetes and whether it
was well controlled or not during pregnancy; this too may affect the results of the study.

Conclusion

Although some obstetric interventions are higher in private hospitals than in public
hospitals, for women with diabetes during pregnancy who gave birth in private hospital
their babies have lower adverse maternal and neonatal outcomes than those in public

hospitals. However, there are a number of factors that cannot be accounted for in this
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analysis. Further research is needed to investigate the reason behind this decrease in

adverse outcomes in private hospitals.
7.7 Chapter summary

This chapter examined interventions for women with diabetes during pregnancy in
public and private hospitals. It also compared the rates of adverse perinatal outcomes
between women with diabetes during pregnancy who gave birth in public and those who
gave birth in private hospitals. The key points of this chapter are:

e Spontaneous vaginal births were higher among women with diabetes (pre-
existing and GDM) who gave birth in public hospitals than those who gave birth
in private hospitals.

e No-labour caesarean sections were slightly higher among women with pre-
existing diabetes in private hospitals than those who gave birth in public
hospitals.

e Rates of induction of labour were similar among women with GDM who gave
birth in public hospitals and those who gave birth in private hospitals.

e Term singleton babies born to women with pre-existing diabetes in public
hospitals had a significant increase in the odds of admission to NICU/SCN and
therefore were more likely to be transferred to a higher-level facility.

e Term singleton babies born to women with GDM in public hospitals had a
statistically significant increase in the odds of an Apgar score less than seven,
were more likely to need high-level resuscitation, and more likely to be admitted

to NICU/SCN and to be transferred to a higher-level facility.
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Chapter 8: Discussion, recommendation and
conclusion

8.1 About this chapter

This thesis analysed the NSW PDC to explore the research questions outlined in each of
Chapters 4 to 7. This chapter builds upon the discussion of the major findings of these

four chapters and concludes with recommendations for future research.

8.2 Why conduct this research

Diabetes in pregnancy is an increasing public health problem world-wide and in
Australia. There is a limited information in the literature on the association on method
of birth and perinatal outcomes of women with diabetes during pregnancy and their
babies. Since 2010, there have been published population-based studies that investigate
the association of method of birth with perinatal outcome for women with diabetes
during pregnancy, three of these studies emerged from this thesis and the fourth is the
study by Stuart, Matthiesen & Kéallén (2011). This thesis aimed to investigate the
association between method of birth and perinatal outcomes for women with diabetes
during pregnancy and their babies. This includes (1) identifying the main contributing
factor for caesarean section, (2) investigating the neonatal outcomes by method of birth,
(3) investigating the rate OASIs among women with and without GDM investigating
the association of episiotomy with method of birth and its association with OASI, and

lastly (4) compares the perinatal outcomes by public private and hospital sector.

This thesis includes four population-based studies that have significantly added to the
literature to address the gap in information on method of birth among women with

diabetes during pregnancy.
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8.3 Main findings of this research

The results of this thesis highlights that the main contributing factor for caesarean
section among women with and without diabetes was a previous caesarean section.
Instrumental vaginal birth and labour caesarean sections were associated with adverse
neonatal outcomes such as the need for resuscitation for babies born to women with
diabetes during pregnancy. For women with GDM who gave birth to macrosomic
babies, instrumental vaginal birth was associated with a significant increase in the odds
of OASIs when indicated episiotomy is protective against OASIs among primiparous
women with GDM and all women without GDM. Giving birth in private hospitals was
associated with higher rates of obstetric interventions than giving birth in public
hospitals. The rate of OASIs was higher among women gave birth in public hospitals
than in private hospitals. Babies born in public hospitals were less likely to need

neonatal resuscitation than those born in private hospitals.

8.4 Implication of this thesis on the practice

Little information is available in the public domain in NSW regarding the method of
birth for women with diabetes during pregnancy and the associated perinatal outcomes.
Findings from this thesis can be used to provide information for women with diabetes
during pregnancy thus informing the choice of method of birth. they can be used to
develop educational pamphlets and web materials to help women in the decision-
making process regarding mode of birth. In addition to benefiting women with diabetes
during pregnancy, results from this thesis can inform maternity clinicians, policy
makers and the government regarding the method of birth for women with diabetes

during pregnancy.
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8.5 Main results and discussion based on each four results

chapters

Study one: Caesarean section and diabetes during pregnancy: An NSW population

study using the Robson classification

In study one the Robson Classification for caesarean section was used to examine the
rate of caesarean section among women with diabetes during pregnancy and to
determine the main contributor to the caesarean section rate among women with
diabetes and women without diabetes who gave birth in NSW between 2002 and 2012.
The study also compared the rate of caesarean section among women with diabetes and
women without diabetes during pregnancy. This study created baseline information for
monitoring and benchmarking caesarean sections among women with diabetes during
pregnancy. This is the first population-based study in the literature that applied the

Robson classification to women with diabetes during pregnancy.

The study found that applying the Robson classification for caesarean section to women
with diabetes during pregnancy shows that nulliparous women with diabetes are most
likely to give birth by caesarean section following induction of labour or prior to labour.
This group (Robson group 2) represents more than 20% of women with diabetes. In
contrast, nulliparous women without diabetes are more likely (23.3%) to give birth after

a spontaneous onset of labour.

Study one results reflect recent Australian maternity care practice among women with
diabetes and confirms what is known from the Australian and international literature
that women with diabetes have a higher rate of birth interventions than women without

diabetes (Farrar et al. 2016; Shand et al. 2008).

158



Caesarean sections among women with diabetes in Robson group 2a (nulliparous
women who had induction of labour) represented 14.5% and 17.1% of the total
caesarean sections among women with pre-existing diabetes and women with GDM
respectively. Caesraean sections among nulliparous women with diabetes who had
spontaneous onset of labour (Robson group 1) represented only 2.7% of the total
caesarean sections among women with pre-existing diabetes and 6.1% of the total
caesarean sections among women with GDM. To date, there is no clear evidence that
induction of labour is actually associated with an increase in the risk of caesarean
section. The recently published Cochrane systematic review (Biesty et al. 2018) showed
that there was no difference in the rate of caesarean section among women with GDM
who had an induction of labour at 387 or 39" weeks’ gestation compared to those who
had expectant management. Similarly, several observational studies did not find a
significant increase in the risk of caesarean section after induction of labour for women
with diabetes during pregnancy (Alberico et al. 2010; Levy et al. 2002; Melamed et al.
2016; Sutton et al. 2014). Study one results also showed that nulliparous women with
pre-existing diabetes who had induction of labour (Robson group 2a) had double the
odds of having a caesarean section compared to women without diabetes in the same
group. Although this increase was statistically significant among women with GDM
compared to women without diabetes, the proportion of caesarean sections among
women with GDM in group 2a was only marginally higher than that among women

without diabetes (34.7% vs 31.7%)).

Irrespective of having a diagnosis of diabetes during pregnancy, a history of a previous
caesarean section is the main contributor to the caesarean section rates. More than a
third of the total caesarean sections among women with diabetes and among women

without diabetes were among multiparous women with a history of caesarean section
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(Robson group 5). The main indication for caesarean section among this group of
women was elective repeat caesarean section. The high rate of repeat caesarean section
indicates that preventive strategies for primary caesarean section could significantly
contribute to the reduction of the total number of caesarean sections among women with

diabetes during pregnancy.

Study one provides an overall picture of caesarean sections among women with diabetes
during pregnancy and demonstrates the utility and value of routinely auditing caesarean

section using the Robson classification to monitor practice.

Study two: Neonatal outcomes of live-born term singletons in vertex presentation
born to mothers with diabetes during pregnancy by mode of birth: A New South

Wales population-based retrospective cohort study.

Study two provides population evidence of the association between method of birth and
poorer neonatal outcomes for babies born to women with diabetes during pregnancy
compared with women with normal glucose tolerance. This study investigated the
neonatal outcomes of live-born term singleton babies with a vertex presentation born to
women with diabetes during pregnancy. Three neonatal outcomes were used as a proxy
for neonatal morbidity: five minutes Apgar score of less than seven; admission to

NICU/SCN; and the need for neonatal resuscitation.

Macrosomia is an important factor that influences birth management and is an important
risk factor affecting neonatal outcomes (ACOG 2016). For this reason, the analyses in
study two were done separately for macrosomic and non-macrosomic babies. This study
showed that spontaneous vaginal birth was associated with a reduction in the risk of
adverse neonatal outcomes for babies born to women with diabetes compared to other

methods of birth. This study also showed that 38.3% of women with pre-existing
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diabetes and 31.5% of women with GDM who laboured gave birth by instrumental
vaginal birth or caesarean section. The highest rates of caesarean section (37.3%) and
instrumental vaginal birth (10.6%) were for the 378 women with pre-existing diabetes
who gave birth to macrosomic babies after induction of labour. Of the 200 women who
gave birth to macrosomic babies after spontaneous onset of labour, 73 (36.5%) women
gave birth by labour caesarean section. In contrast, the group with the highest
proportion of spontaneous vaginal births (74.2%) were women with GDM who gave

birth to non-macrosomic babies after spontaneous onset of labour.

Study two results showed that babies born after instrumental vaginal birth or labour
caesarean section had a significant increase in the odds of poorer neonatal outcomes,
including admission to NICU/SCN and the need for neonatal resuscitation. This
increase in the poorer neonatal outcomes after instrumental birth and labour caesarean
section could be due to two additional factors: (1) instrumental vaginal birth and labour
caesarean section are indicated when fetal compromise is suspected or in the case of
prolonged second stage of labour; and (2) instrumental vaginal birth and labour
caesarean section (especially if performed in second the stage of labour) are per se

associated with neonatal morbidity (RANZCOG 2016; RCOG 2011a).

There are several serious risks with instrumental vaginal birth, including an increased
risk of shoulder dystocia and its complications, especially in women with macrosomic
babies (Athukorala et al. 2007; Kolderup, Laros Jr & Musci 1997), facial nerve palsy,
corneal abrasion, retinal haemorrhage (O'Mahony, Hofmeyr & Menon 2010), and skull

fracture and/or intracranial haemorrhage (Towner et al. 1999).

Macrosomia is associated with an increased risk of unsuccessful instrumental vaginal

birth, which may result in an increase in the incidence of in-labour caesarean section
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among women who gave birth to babies with birthweight >4000g (RANZCOG 2016).
This is evident in the study two results among women with pre-existing diabetes who
gave birth to macrosomic babies, with 36.5% of women who had a spontaneous onset of
labour and 37.3% of those who had an induction of labour giving birth by labour

caesarean section.

Study three: Obstetric anal sphincter injuries among women with gestational
diabetes and women without gestational diabetes: A NSW population-based cohort

study.

Following from the findings of study two that provided evidence of adverse neonatal
outcomes, study three investigated serious maternal morbidity. Study three
demonstrated the association between GDM and women experiencing obstetric anal
sphincter injuries (OASIs) by method of birth and birthweight. It also examined whether
the combination of an episiotomy with method of birth was associated with a reduction
in the odds of OASIs. Instrumental vaginal birth and high birthweight have been
reported to be risk factors for OASIs (Baghestan et al. 2010; Dahlen et al. 2007);
consequently, the analysis for this study was stratified by method of birth and

birthweight.

The association of instrumental vaginal birth and birthweight with the risk of OASIs
was clearly shown in the results, with women with GDM who gave birth to macrosomic
babies by instrumental vaginal birth having a significant increase in the odds of OASIs
compared to women without GDM. This increase was evident in both forceps and
vacuum extraction birth. In contrast, there was no significant increase in odds of OASIs

among women who gave birth to macrosomic babies by spontaneous vaginal birth.
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The second aim of this study was to investigate whether the combination of an
episiotomy with a particular method of birth was associated with a reduction in the odds
of OASIs. There is controversy in the literature and between guidelines regarding
whether performing an episiotomy with instrumental vaginal birth is a protective factor
for preventing OASIs. According to the guideline “The Management of Third- and
Fourth-Degree Perineal Tears” published by the Royal College of Obstetricians and
Gynaecologists (RCOG 2015) there is evidence that mediolateral episiotomy with
instrumental vaginal birth has a protective effect on OASIs and performing an
episiotomy with an instrumental vaginal birth is therefore recommended. However, the
guideline “Instrumental Vaginal Birth” published by the Australian and New Zealand
College of Obstetricians and Gynaecologists (RANZCOG 2016) states that there is not
enough evidence to support routine episiotomy with instrumental vaginal birth. Study
three found that among primiparous women with GDM, the combination of episiotomy
with a forceps birth was associated with lower odds of OASIs than forceps alone.
However, there was no significant difference in the odds of OASIs between multiparous
women with GDM who had an episiotomy combined with forceps and those who had

an episiotomy alone.

For primiparous women without GDM, the combination of episiotomy with forceps was
associated with lower odds of OASIs than forceps alone. In addition, among this group
of women, the combination of episiotomy with a vacuum extraction was also associated
with lower odds of OASIs than vacuum extraction alone. However, this reduction in the
odds ratio was only from 1.99, 95% CI (1.85-2.14) to 1.44, 95% CI (1.33-1.55). Unlike
multiparous women with GDM, those without GDM had lower odds of OASIs when

episiotomy was combined with forceps than forceps alone.
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The results of study three provide additional population evidence that episiotomy with a

forceps birth is a protective factor on OASIs.

Study four: Birth interventions, maternal and neonatal outcomes for women with

diabetes during pregnancy giving birth in public and private hospitals.

Study four compared the level of birth interventions and associated perinatal outcomes
of women with diabetes during pregnancy who gave birth to term singleton babies in
NSW public hospitals with those who gave birth in NSW private hospitals. This study is
the first population-based study that has investigated birth interventions and perinatal
outcomes for women with diabetes during pregnancy by hospital sector (public/private).
The results show that the rates of spontaneous vaginal birth were higher in the public
hospitals than in the private hospitals (public 42.6% vs private 38.7% for women with
pre-existing diabetes, and public 56.8 vs private 40.5% for women with GDM). There
were fewer birth interventions for women with diabetes during pregnancy in the public

hospitals.

Interestingly, the proportion of no labour caesarean section was only marginally higher
among women with pre-existing diabetes who gave birth in private hospitals than
among those who gave birth in public hospitals (private 32.6 vs public 30.7%, p=0.002).
Although the difference is statistically significant, it may not be clinically significant.
The high proportion of no labour caesarean section in both public and private hospitals
may reflect the increased incidence of obstetric complications affecting women with
pre-existing diabetes. The proportion of induction of labour was similar among women
who gave birth in public hospitals and those who gave birth in private hospitals.
However, the gestational age at induction of labour differed. Ten per cent of women

with GDM who had induction of labour in public hospitals were induced after 40 weeks
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gestation while only 3.9% of women with GDM who had induction of labour were
induced after 40 weeks gestation in private hospitals. Although, this study examined
births up to 2012 in NSW, reflecting maternity care prior to the publication of the 2015
National Institute for Health and Clinical Excellence (NICE) guidelines, the practice of
induction of labour of women with GDM in private hospitals was in line with the
recommendations of NICE guideline that recommended induction of labour or no-
labour caesarean section for women with GDM no later 40*® weeks of gestation (NICE

2015).

Study four showed that giving birth in NSW public hospitals was associated with
increased odds of poorer perinatal outcomes. However, this can be partially explained
by the socio-demographic differences of women who give birth in Australian public and
private hospitals. The literature shows that women with diabetes during pregnancy are
more likely to give birth in public hospitals than those in general population (Shand et
al. 2008). This reflects the greater prevalence of diabetes, including both pre-existing
and GDM among women residing in low-socioeconomic areas and among women born
overseas (Abouzeid et al. 2015; AIHW, Thow & Waters 2005). Both groups of women
are more likely to give birth in public hospitals (Dahlen et al. 2013). In the statistical
analysis for study four, adjustment was made for some of these socio-demographic
factors, including maternal age, maternal country of birth, and smoking during
pregnancy. The results of this analysis showed that being born in public hospitals was
associated with poorer neonatal outcomes as measured by five minute Apgar score less
than seven, the need for a high level of neonatal resuscitation, admission to NICU and
high rate of third- and fourth-degree perineal tear. These results should be interpreted
with caution as the study was not able to adjust for obesity, Indigenous status, place of

residence and potential disadvantage that could have contributed to differences shown
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in perinatal outcomes observed in public and private hospitals. Such data were not

available in our research extract.

8.6 Strengths and limitations

This thesis included four population-based studies. These studies are the first
population-based studies in Australia and the largest internationally, that investigated
the association between method of birth and perinatal outcomes for women with
diabetes during pregnancy. The use of population data provides high level of evidence
that hospital-based research cannot achieve. NSW PDC is a large validated population
data base with a high level of accuracy. As described in chapter three, NSW PDC has
been validated by several studies. These studies found that NSW PDC reported perinatal
outcomes including birth by caesarean section with high accuracy and high sensitivity
(Ampt et al. 2013; Chen et al. 2010). A limitation of the study is that NSW PDC lacks
some risk and outcome variables related to diabetes such as maternal BMI and shoulder
dystocia which limited our ability to adjust for these variables. Another limitation is the
under reporting of GDM in the PDC. A published validation study on NSW PDC found
that compared to the APDC, the PDC reported diabetes with lower sensitivity and
accuracy (Bell et al. 2008). Stregths and limitations of this study are presented in detail

in Chapter three (Research methods).

8.7 Directions for future research:

In this thesis the Robson classification for caesarean section was used to benchmark
caesarean section among women with diabetes during pregnancy. This provides useful
information for reviewing maternity care and for the counselling of women with
diabetes during pregnancy regarding method of birth. This auditing of method of birth

for this high-risk group should be incorporated into routine maternity health information

166



systems. Further research is also needed to use the Robson classification for monitoring
perinatal outcomes for women with diabetes during pregnancy. The Robson
classification can be used to routinely provide audited data for caesarean section across
other chronic non-communicable disease in pregnancy such as hypertension, renal

disease, and epilepsy.

This thesis analysed the NSW PDC to explore the research questions. However, there
were limitations in the reported perinatal outcomes available in this PDC dataset. More
research is needed using linked population health datasets to investigate the association
of method of birth with other perinatal outcomes such as shoulder dystocia and other
birth trauma, including brachial plexus injury and other perinatal outcomes that are
recorded using ICD10-AM classification system in the NSW Admitted Patient Data
Collection (APDC) (CHeReL 2018). Using the APDC can also provide information on
congenital anomalies. Other data sources would be the Perinatal Death Review
Database, which provides information on the obstetric cause of death; the Perinatal
Society of Australia and New Zealand perinatal death classification; and the hospital

where the death occurred (CHeReL 2018).

8.8 Concluding remarks:

The care of women whose pregnancies are complicated by diabetes is challenging and
associated with high rates of birth interventions in both the public and private sectors.
Birth interventions including induction of labour, caesarean section and instrumental
birth are becoming increasingly prevalent in complicated pregnancies such those

involving pre-existing diabetes and with suspected fetal macrosomia.

This research found the Robson classification for caesarean section to be a simple and

clinically informative classification that can be used to examine and benchmark
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caesarean section for women with medically and obstetrically complicated pregnancies
caused by diabetes during pregnancy. It can be potentially used to benchmark all

methods of birth for women with complicated pregnancies.

This research found that giving birth by spontaneous vaginal birth is associated with
lower odds of adverse perinatal outcomes for women with diabetes during pregnancy
and their babies. On the other hand, birth interventions such as instrumental vaginal
birth and labour caesarean section are associated with an increase in the odds of adverse

perinatal outcomes.

As part of a comprehensive package of antenatal education, counselling should
routinely be provided for women with diabetes during pregnancy to advise about the
onset of labour and method of birth, and how these are associated with different risks
and perinatal complications for the women and their babies. Importantly women should
also be informed of interventions that can potentially reduce the risk of the adverse
outcomes such as the protective effect of episiotomy with instrumental vaginal birth on

OASIs.
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Appendices

Appendix 1: Glossary

Apgar score': A numerical scoring system routinely administered one and 5 minutes
after birth to evaluate the condition of the baby. The score ranges from 0—10 (10 being
perfect). It takes account of 5 physical signs, each of which is assigned a component

score of 0, 1 or 2: heart rate, respiration, muscle tone, reflexes, and colour.

Birth weight1!: The newborn infant’s first bare weight in grams. Low birth weight:
birth weight less than 2,500 grams. Very low birth weight: birth weight less than 1,500

grams. Extremely low birth weight: birth weight less than 1,000 grams.

Caesarean section': Birth of the fetus through an abdominal incision.

Cephalic presentation: Fetal head presentation in labour which includes vertex, face or

brow presentation.

Episiotomy': An incision of the perineum and vagina to enlarge the vulval orifice.
Gestational age': The duration of pregnancy in completed weeks from the first day of
the last normal menstrual period. Where accurate information on the date of the last
menstrual period is not available, a clinical estimate of gestational age may be obtained
from ultrasound during the first half of pregnancy or by examination of the newborn

infant.

Induction of labour': Oxytocics—prostaglandins: the initiation of labour by the use of

oxytocic agents, prostaglandins, or their derivatives (oral, intravaginal or intravenous).

!As defined by the Centre for Epidemiology and Evidence, Population and Public Health Division, NSW Ministry of Health
Source: Centre for Epidemiology and Evidence 2015, New South Wales Mothers and Babies 2013, NSW Ministry of Health, Sydney.
http://www.health.nsw.gov.au/hsnsw/Publications/mothers-and-babies-2013.pdf
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ARM only: the initiation of labour by artificial rupture of membranes. Oxytocics—
prostaglandins and ARM: both medical and surgical induction as defined above

(combined medical and surgical induction).

Instrumental vaginal birth: Assisted vaginal birth either by forceps or vacuum.

Labour caesarean section (intrapartum caesarean section): Caesarean section after

onset of labour.

Live birth!: The complete expulsion or extraction from its mother of a baby who, after

being born, breathes or shows any evidence of life such as a heartbeat.>

Macrosomia: Birthweight > 4000g.

No labour caesarean section (pre-labour caesarean section): Caesarean section

without labour.

Parity': The total number of live births and stillbirths of the mother before the

pregnancy or birth under consideration.
Perinatal death': A stillbirth or neonatal death.

Perineal status': 1st degree tear: a perineal graze—laceration—tear involving: the
fourchette, hymen, labia, skin, vagina, or vulva. 2nd degree tear: a perineal laceration
or tear involving the pelvic floor or perineal muscles or vaginal muscles. 3rd degree

tear: a perineal laceration—tear involving the anal sphincter or rectovaginal septum. 4th

!As defined by the Centre for Epidemiology and Evidence, Population and Public Health Division, NSW Ministry of Health
Source: Centre for Epidemiology and Evidence 2015, New South Wales Mothers and Babies 2013, NSW Ministry of Health, Sydney.
http://'www.health.nsw.gov.au/hsnsw/Publications/mothers-and-babies-2013.pdf
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degree tear: a third-degree perineal laceration or tear which also involves the anal

mucosa or rectal mucosa.

Plurality': The number of fetuses in utero at 20 weeks gestation that are subsequently

born separately. On this basis pregnancy may be classified as single or multiple.

Primary caesarean section': First caesarean section.

Spontaneous vaginal birth (non-instrumental vaginal birth): Unassisted vaginal

birth.

Stillbirth!: The complete expulsion or extraction from its mother of a product of
conception of at least 20 weeks gestation or 400 grams birth weight who did not, at any

time after birth, breathe, or show any evidence of life such as a heartbeat.’

Vertex presentation: Crown presentation of the fetal head at labour.

!As defined by the Centre for Epidemiology and Evidence, Population and Public Health Division, NSW Ministry of Health
Source: Centre for Epidemiology and Evidence 2015, New South Wales Mothers and Babies 2013, NSW Ministry of Health, Sydney.
http://www.health.nsw.gov.au/hsnsw/Publications/mothers-and-babies-2013.pdf
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Obstetrics and Gynaecology Research
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Cesarean section and diabetes during pregnancy: An NSW
population study using the Robson classification

Reem Zeld' ]a-eﬂf IN. Cats”, Alex Y. Wang ', Zhuoyang Li', Caroline 5.E. Homer"
and Elizabeth A Sullivan®

YThe Autralion Cestee e Publls wed Fopulotioe Healtk Fesearck, Facslly of Heallk, “Cesiee for Mitwdieay Cheild s Fasly
Health, Facslly of Hai, Lsivarsly of Tecksmolngy Sydbacy, Satery, Mme Sosth Wales ot “Afeliosrse Sohool of Fopdaties gsd
Cilobal Health, Usiraiiyof Mbowese Ml Vi, Auciraliy

Abstract

Apn: The aim of thes sludy was o identify fhe main condribuinrs o cesareen sechion (5] amaong women
with and without disbetes during pregnancy wing the Hobaon dassificetion and o eomgprare OS5 rates within
Haobson groups.

Methods A population-based cohort study was conducted of all women who gave birh I Mew Soth
Waks, Australia, between HE0E and 32 Women with preges Alional diabates {types 1 and 2} and geska-
tional diabotes mellitus (G0} ware grouped nsing the Hobson dassifimbion. Adusied odd matios (AOK)
and 95% confidence intervals (C1) were calcul ated using multivariable logts tic negression.

Resulrs: The il OS5 rale was BA% for womaon with pregestational diabobes, 36.5% for women with GDA
and 22 5% for women without didbetes. Previows C5 contribated the most to the il number of C5 inoall
populaticng Por pretarm birth, the oonribution 1o the total was 31 %% for women with progestational diabe-
tes and 575% for women without dighetes. Comparned i women without diabetes, for rul panous with preg
extational diabetes, the oddsof OS5 was 1.4 @5% C1, 1115} for sponanoas labor and 20 8% CT 17-23)
for mduction of labar.

Concfusion: & hisiory of 05 was fie main conmibutor io the 1okl 5. Reducing primary C5 is the first siep
to lenwering the high rate of C5 amang women with diaboles. Nulliparows women wane mare liely i have
CS5 i they had progestational disbctes This incresewas ako evident i all multparous woman giving birth
The high rate of prederm births and OS5 reflects the dingea] tesues for women with disbetos during
[PragTaICy.

Key words cesanaan section, gesbtional diabedes, prognancy, pregrancy in disbatios, Bobson dassification

or gluooss abnormalty that edsted previously but
was undiagnosd prior i pregnancy

Introduction

Mabctes during pregnancy & an incrasing problem
worldwide! In Australia, (%% of women have preg;:
eslational diabetes {hype 1 and type 2 diabates]) and
up to B of women devdop gestational diabotes
mellitus $S0ML  Pregestational diskotes cocurs
bafore prograncy and confnues  after pregnancy
G &= defined as pregnanoy-induasd by pergly comida

The rate of cesanian sechions (C5) 15 posilivdy assn-
dated with an noease in plasma gluose kbvd during
prognancy” The Hyperglveania and Advose Prog-
mancy Chutonmes study showed an moncase of 5-11%
n the adds of OS5 with one standard deviation
morease I plema gheose levd® The H05-HIT
Australian dats show Sat $292% of women with

Recswac: At A A1 2
Accwpied: Thoceber 290 2017

Commponismce: Profmos Bioabet A Sulbvar, The Axtalue Cese for Publc ard Popal,
Uerremety of Teckrology Sydney, PO Bon 123, Boadway, MEW AN,

£ 2RE fapan Socely of Obsivies and Cynecology
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prepesitional disbetes and 4000% of women with
GOM gave birkh by C5 compard with 300% dfor
womnan without disheten *

Im order @ better undersiand curent clindoal prac
tioe around the medod of birth for women with and
without a diagnosts of dabates during pregrancy, a
clinicafly relevant cassificatiom system of C5 &
required In 3NE, fhe World Heaalth Organization
{WHO} reonmmended that the Fobson dassification
beused as a global sandard for evaluating, momdbor-
ing ard corgaring C5 rates” The Robson o s stftoa-
tion & ‘muohally exdusive and tohlly indusive’ and
is based on women's parity. F}Lra]i'lg.'_. preson itiom,
Festational age, hisiory of previnus OS5 and onset of
labor® To dake, e hospinlbased studies have
appliod the Kobson dassifimtion o women with dia-
babes durng pregnancy ! However, fae have not
baen any population-based studies apphving the Hobe
son cassi fication 1o preges Btiona] diabotes and G,
despile suggestions by the dassification a2

Cur study, using New South Walss (MSW) popula-
o data, had teo @ms. The frst was 1o use the Robe
son classification o identify the main contributinrs in
C5 among women with pregestational diabotes,
wornan with I and women without diabetes dur-
ing pregnancy . The sacond part of the study atmed &
conpre U5 rabes babween women with diabetes dur.
ing, prognancy and those without within eadh Kobsaon
clssification grop.

Methods
Stuwdy design and owicome

A popubrtonbased rdrospedive cohort study was
conducted. The main ouleome of the study was C5

Dala souTce

This study usad dat and defirdtons from the MSW
Permatal Doty Collectom (P The P20 & a
pnpﬂ.ii‘n-basn:l mmvallance system of all births in
AW, Ausmalia Tt combins indormaion alboig WNSW
publbc and private hospitl birtts and home births
and inkrmation about all women who have had lve
births and stllkirths of at least 3 weeks' goshtional
ageor at kast 400 g bithweight™ NSW & the most
populos shibte with a fird of fhe tolal Australian
population and more: fhan 9 000 wamen giving birh
VT lm_l-i

PO mformaton & oolkected Fom fhe elebonic
nodficaton frm hal & complated by fie attanding

midwife or doctor & birth. B indudes information an
matemal damegraphis, halth, pregnancy, bbor and
birth, as well as ;:-Er.hd'n.'l muirnmes. The comgpdabad
inrme are sonl o RNEW Mindstry of Health, whene the
indormation & validated and compiled into the PO

Study population

This study mchided all women {8 = 1 007 243) who
gave birth i MSW bebwcon Jamuary 1, 3002 and
Dacemiber 30, H2 OF these SO0 (05%) women had

progestatonal dabaes (hvpe 1 and type 2 diabotes]
57 138 %) had GO, and 950 678 fd43%) did nat

havediabates during pregnancy.

Dragnasisof GO
Dring e study period, only one guidetne used in
BEW for the diagnosts of GLM. This was the Austral -
asian Dhabates in Pregnancy Soacty (ADIFS) guide-
lne fat reommended socening for GDM o at
Bo-28 weols' gostation using e gliose dhallenge
st (GCT). If fhe non-fsing GOT mmsured at 1 h
postload plisma gleose keed was 278 mmal /T after
By gluose kad or 2850 mmal/L after TR g glucoss
lad, a 75z 2h oral gleose oleanae kst OGTT)
was recommendod '® GDM was ten dagnosed if the
Batng vanoes plhsma gliase ked was 255 maonal/L
and for o the load was 280 rmal/T. at 2 h folliwing
the T g gluase'®

Pregestational dishates and GDM howve diffarent
cffacts on progmancy onloomes, with pregestatonal
diaketes bedng asenciated with mare complicated out-
eomes 1% Iy addition, pregestational disbedes poses
corsiderable challanges in dindcal management™ For

this reason, statisioa] amahs® was perirmed sepa-
rately for pregeshitional dishetes and GDM

Statistial analysis

The sada factors of women with progos-
ationa diabetes and women with GDM were cams-
pared with women witho! dahates using a Chi-
square st for matogoricel varables and an idepan-
dant Sample Mest for continuous varabls . Waomen
were  chssified acoonding to Hobson arileria dndo
10 groups corelating with their obsletne history
{Tabl: 1)

Six- varables nform the dasaficetion parity, phi-
rality, presanation, gestational age. history of pre-
aus 05 and type of hbor. Waomen i groups 2 and
4 were further grouped scoording o fdr onsct of
Lbor infn fhese who had an nduction of labor and
Fhoee whi had 2 €5 with no labar.
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g Al ol or oftwr Fe snchalng wosree Wil prvvaan 0%

10 Al o, sy oo B, pedaioul age £ 38wk, oduding wioren wisgh perevaows C5

5 remresn pa-son.

Summary stafisfcs were  produced  iwing  the

extonded Fobson dassifiction for 10 groups 5 ad fied
by diabedes satus. These nchude:

1. the proporton of the obsietric populabton of cach

Froug

2 the rate of CSwithin aach group

3. the raative comfribution of cach group to the tofal
CH5 mate fthe proportion of (5 in cech Fobson
Eroagr aocord ing i fhe iotal numiber of £5)

4. the absaluie contribu Son of cach groug to the fotad
C5 rate {rate of C5 in cadh Hobson group in rela-
tion in #he fotal popalation).

Mutivariah ke logbshic negression was wad 0 nves
tigate fie Helhood of O5 for women with diabotes
compared with wamen without disheles  Adjusted
adds ratos (AOK) and 95% oo fidence ntervals 25%
CTp were caleulated . Adfustment was rade for mater:
nal ape, mabomal country of birth (Ausralian bom <
ves/nol. smoking . s@tus birthwaght (2S00,
H0-29% and X400 z) and pregeshtional and
rxternial iy periension.

The analpsis was porformed wsing the Statctial
Package for the: Social Soences (w5 softwane Vesion
220 {TBM Corporation, Armonk, NYL A P value less
than LS was considened statistieally significant.

Dretails of ethics approval

The use of dadentified data was approvad by the
Executive Director, Centre fior Epddeminlogy and Ewi
dence. MSW Minktry of Health,. Efhios approval wis
grantad by the Unfwersty of Tochnology Sydnoy
Human Hescarch Efhks Commiles (UTS HEEC
ETHi&INY)

62 IS Japan Sociedy of bk sics and Cyneoalogy

Results

There were signdficant differenoes in matemal soda
demog raphic fadors bBeteem women with dishelkes
during  pregnancy and women without  disbedes
{Table Z). A higher proporson of women aged
23k years was observed among women with diabedes
during pregnancy = 328% of women with pregesta
tioma] dighetes and 3 %% of women with GDM -
compand to X1 3% among worman withow! diabetes.
Multfparous women reprorented G300 of women
with pregeshtiona diabetes and 2P of women
with G, comymred with 57 4% of waomen without
diabetes (Table 2}

Table 3 presents the extended Hobson classfications
T woman with pregestational didbetes, woman with
G and woman without diabedes Mulliparous
women who had an inducton of hibor or a O5 with
o labor (Hobson group 2) represened the langost per
weniages of women in both prefeshtiona diabeks
and G categories = H1E% and A .4%, respectively
= aonngrancd to anly 144% of women without diake
e Ginougy 3 {rultipanows who want into sponbneou s
lalbor | whach was #he largest group of wormon with
ot diab ebess, comyprisad 27 3% of te okl population
The aconnd brgest graup of wormnan with diabelkes
during prognancy was multipaross women who had
mduction of bbor. Alfough the pocmbges of
women with diabeles during pregrancy in grougs
4 and I were reletvd v simdlar o cach other, the oon
tribution of group 4 o the il ramber of C5 was
significandly bwea than the mnirbuton of group
2 Armaong women with and without ddhotes during
pregnancy, fhe highest contribation 4o the otal nume
ber of C5 was from multiparows women who had a
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i it ] Bi{kT T ) IREMNT
tEerluder oot seated valier p'onlue for porgeetyTonal disheiee mepaeed G0 oo dal AR IR P P i i na dahete;

Tlmng mdependent sanplo i

history of previois C5 Ggroup 5 This groug oontrib-
uied to 3%% of all OS5 perivrmad among, women
with pregesttional disbates, M 8% among women
with G and 34 8% among women withoot diabe.
tes (Table 3} The madn inddcation far C5 n this group
was aective repeat OS5 The rate of the elactive repeat
C5 was B9 %% among women with pregestational dias
bates, &1.3% amorg womsn with G and F40%
aman g woman without diabetes.

The rates of vagina birth afier 5 (VA amomg
woman i group 5 was 58% among women with
pregesationa] dibetrs, 14.T% among women with
G and 19.5% among woman withoo! disbedes

Woman who had egperionced pretcrm  births
{Robson group 10) representod 168% of e total
number of woman with pregeshtional disbedes This
penentage was sgnificontly lbrger than the peroents
agpe of group 10 women without disheles (495
Gronp 10 women contribuied to 30%% of e total
ket of 05 among women with pregestational dia-
botes, T 4% among women with GOM and 57% of
the total numer of O among women wiShout diake-
tes (Table 3} 4&% of women with pregesttional

- TR

diabetes i group 10 had & nolabar C5, and 21.6%
had mduction of lbor, respactively contrbubng ta
14 5% and 25% of the total mumber of CS among
women with pregesttional diabeies.

Tablke 4 shows tha e totad (S rale wan signifi-
canfy highar amaong women with pregestational dis-
beiess han among women withoe dabetes (AOK 24,
G (1, 23=24). With the exocpton of women in
Fobzon groups &, F and 9 fwoman who had nonee-
phallc prognanaes] the rate of C5 was signd ficantly
higher among women with pregesbiiona] disbetes
corgratad o women withoun diabetes across alother
Fobson groups.

For womnan with pregestationad diabedes, the high-
est Take of C5 was among women with a history of
provicas C5 jgroup %) This mte was significantly
higher among women with progesttiona] disbeles
than women withou! diabets F14% and S0.5%,

] (ACTR 28, %% O, 20-31) Half (49.8%)
of She rmlparous wamen who had induetan of lbor
oy Aal) had a OS5 companed I 3.5 of women
without diabates in the @ame group (AOR 20, 95%
T, 1.7=2 3 Tabke 4
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Table 4 Faw of CF within aach Robsom gpiiup B

L T S o] dibetn cospusd @
s w B st huneo dha by, ANED-JTED
" Rk PP — —— Ho
i i
(o ACR 5RO O
I g L4* {(LT-L8] 147
2 &l 20& (LT-22) 415
2ia) LT 1= (LT-23) Ly
) Wb - I
3 &ill 21 (L5249 23
4 L4 L3* {LE-15] L&l
4al LD LA* (L5-2.2] 54
41 LK Rl - WL
5 GLa 25 20-31) a5
& HLA B md-1T) g21
T aai 8 m5-13) 844
a Ta3 EA" (L2-24) B1E
@ 853 18 R3-33) Fi5
EQ B2 A T35 332
Tistal 536 24 L3-1E) 235
A, sdpted odd oveo; CF, + -
grmp ACE, add oo wa sdpted Sor muternal sge, S
mall of higth (. b maj, Enaking seetis
birswengh (TSN, ZUE-AAN and pE NN g wnd el and
abritT hyperiswing *Sgrifan

Table % shows that %% of women with GDM
gave birth by 5 companad o 22.5% of woman with
o diabetes (AOR 1.3, 98% OO, 1.20.3) The highest
rate of O5 was for women with GDM &75%) and
worman without diabedes $2.1%} among group & nul
liparems, wha had a broedh prosentation

Far both nulliparous and mul Spatous women with
Cild who had aninducton of lbor ggrowps 2{a) and
4af], fhere was an Inoease in the rale of OS5 aome
pared with women without diabotes in the same
proups ACE 11, 95% OO, 10=1.1 for nullipanous
women | and (AOE 1.2, 98% CT 1.9=13 for moltpoe-
mous waornen| ) § Takble 51

[Hacussion

Chur stody & e fist population-based study 1o use
the Hobson classl fication o comgpass: CF rades amaong,
waman with and withou! dabetes during pregnancy.
Frevious published studies that wsed the Hobeon clas-
wificaton to analme CF rades amaong women with dia
bates during pregrancy are hespital-based studics
with hmited sample size and gereralmabd ing *' Cur
study provides: popubrtion dat and confirms these
hospitl studies’ remils 0

W dound that preeious C5 was the main driver for
08, regardless of whather fie women had disbheles
during pregnancy or not. A provious study that usod
e Hobson dasstficeton on e Asstalian general
papulition aka fomnd Bhat previows C5 was the high-
est contrbutor 10 the iotal number of (5™ Ow
results also confirm nesults from indematonal studies
Hhat found group % to be the main contrbutor i the
il number of ORI

Among women o the Hobson group 5 (women
with a history of C5) we found that #he C5 rak was
mgnifianty higher among woman with pregestas
Homal diabtes and wormn with G208 comgrared with
women withou! diabeles One explraton may be
fhat women wih disbetes during prograncy have
kewer rates of suocess ful VEAC fian women without
diabetes ™ Thig i supporicd by data demno nestrating
that the mte of wmsuaessful YEAC among women
who frialed Labar & 325% amang women with proges
ftiond debaes ™ and 8% among wornen with
GO compered to 24% among women witout
diabetes Among our study populiton, women with
out diabedes had more fhan double the rate of suc-
csaful WBAC  than women with  progestatonal
diabetes and were five peraentage poins mone lilkely
o have a sucessful VBAC compared with women
with GDM. This indietes that primary (5 among

Table 5 Rt of 5 withm mch Robeon goup B
womree wies Pad et Soned ek s coerguanad 1
wrreen wies did rest B b ey, M- XV

"Rk G ol chia b Hod sy
L oE  AQR U5 O 5%
I 6.8 L {LO-LE) 147
2 HE | 415
X HuT 1 {LO-L1) Ly
Xl Tl S ML
1 7 Lg% (L3-L&) 23
4 10T L5 (A9 &1
2a) T2 125 (LI-L3) 54
F (] = WML
5 & I.4* (L3-L5) A5
& 975 4.7% LE-AA] 521
7 L L7 (L3-21) #hd
E A 128 (LA-L3) E3E
@ &5 LT (L3-23) 715
B 26 125 (LE-E3) 313
Towtal ¥.A 1.3% (L2-49) IR5
ALK, sdwied odd =@oe U5 +h

Fop FACK, odd =En was sdaeied for mademal s, e
mal county of brsh (Austsaien bom e/ nol, enolking. satus,
bisthwegrht (<], 2N and pEEN] g and maEsenal and

obafetsic bypectennan; agniScant

£ TME fagan Sty of (e bevics and Gymeooiogy
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warnen with dabetes during pregrancy has a greater
effect on cormocuttve methods of birth han anong
womnen without diabetes. There & compelling ev-
derce, theredore, to suggest that reducing the maie of
the primary €5 can help o raduce e owverall
rate of OS5

The sevond highest oontributor to the iofal number
of €5 was group 2 {nulbiparous who had mducion of
labar ar no-labar C5), regardless of whether women
had diabetes or not. However, within this group, the
contribution of 05 relative to the inb] population rate
wias sgnificently higher among women with diabetos
during pregnancy Tan women without dlabotes. This
iz due in part o fe overreproescntation of warnen
with diabedes during oy in fhis grouy (D%
af waman with pregestational diabedes and Z14% of
woman with GDM, companed o 4% of wamen
without diabates ) (Table 31

In additsan, previously publshed rescarch shones
that women with diabetes during pregnancy who had
Iinduclan of bbor are at a higha sk of OS5 than
woman without dabotes ™ In our populition, nullip.
arus women with pregos ational diabetes wha had
indicton of bbor had double the odds of having a
C85 compared o women without dibbeles  Half
14980 ) of these wanm had a C5, which 5 aonsishent
with the rate of 455% among women with wpe 1 dia-
boies pablighed by Camoll & ol The evidance,
thereione, suggests that a more judicious approach 1o
indwing hbor in ralliparous women with diabetes
may help reduce the primary O5 rake

Im womon widh ;m{p::rr.l:m.ﬂ diabedes, the rale of
preterm labor b high™ "% Among o population,
group W women with prolerm birth  nopresanied
TAE% of womon with pregeshtional diabets The
high rate of praterm birth iz Hely reltad o datnoe
e Interventiors among woman  with  pregoste
tional dabaes™™ I owr study only one third
{32 2% of these woman with pregestationa] diabhetes
in groa 10 had a sponfneous preferm birth, while
the apority of them had edther o labor 05 @3a25%)
ar mduction of abor (214%) bedfone 37 woels gest-
ton. €5 among women @ group 10 aontributed
8% of e ot number of OS5 women with
progeshtional duabetes Cur rescanch 5 consstent
with the findings of a 2009 Brazilian tertary hospital
study weing the Hobson clssifieation o mves Sy s
the rate of C5 amang women with dizbales during
pregrancy, which found that Z10% af the il C5
was contrited by wamen in group 10° Amang our

shudy  populalion in o ogroup 10 women  with

0 2ME fapan Society of Ol rics and Grnecology

oo clasmilicasom {or diabedes

progestabonal diabetes had double the rade af C5 than
amnong, women without diabedes

W found that the adkes of C5 among women with
diabetes durmg pregnancy were higher than those
amang women without diabotes aoross mest Fobewon
froups This & conssient for bagh woman with preg-
catationad diabhates and women with GDM. Although
the: dafferance in O5 rates batween women with G0
and women without diabetrs was shatistically signifi-
cand 1t & difficul &0 drew defini@ve condusions
reganding the clindcal sgndficance of this findng dus
o e lange samypde sz

Strength and lmibtions

The nse of the WHOremmmendad Fobson cdassifica-
Hon with brge popubdon daty provides population-
hased imibrmation on the rate of OS5 among wormen
with diabeates dunng pregmancy and fhe contribubion
of cach group to the okl number of C58 Hespital

based - sludies have prowvided the mmpetis for this
study, bat they have not delivaned resuls of sufficant
songpr, nebabdlity and genoralizabd ity to ndorm clindoad
dectsion making. By using population data that
reports childbirth-rdated disgnosts and procedures
with high kvels of accuracy,™ aur results can be usad
a5 a reforence population for other studics irvestigat-
ng the method of bith and debotes during
PIGEnancy.

There: were no data dems on the ament of
dighedes during pregnancy or makmal body mass
indew {TBAT) in the WSW PDC dakset This i 2 Emita-
Bon of the study bocawe a boge proportion of
women with diabses during pregnancy have high
BAL which & assocated with merases in the rsk of
C5 among women wit dabotes during pregrana™
Further studies ane requimed do evabuate the impact of
matemal Bdlon C5

A further imitation of our sudy was the pos bl
underestimaton of Se mimbar of women with diakhe-
t—.:.]r.nl.l:r:;h.ld].', the proporton of GDM from e
hEW FIXC data was 51%, which & marginally bawor
than that fourd i an earlior vabdation study basad
an two datscts = the Admitted Paterd Dat Collec-
Hon (AP and PO = which found 56% of
arous and A% of multiparous  had  GDBA,
rempectivady ! Howevaer, #hat sidy  reassuringl
lound that, imegrective of the data soure of G
slatus, the odds ratio of C5 amaong womean: with GO
corpanad with women without GDM was corsistant
at 14 &8% 0, 1315 for FDC versr 1.5 (8% CT
1.4-18) fom fhe combined data of the PO and
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AP for Erm'q:nmus and 1.4 &% CT 1.3-1.5) ver-
sk 15 8% O, 1 4-14) for mul Bpamons woman.

The: Robson chssification & a dindally informat v
and smple clisdficaton system for examining OS5
ammony womnen with medial conditiens and obstetric
compliations such as diabeks during pEgnancy. It
provides a granulirity around a set of sctins load-
ing i C5.

In e poeu b bon b ased ::|1.||:|_'!.'_. the highest aontribe
uting factor o having a ©5 was from women with a
higtory of OS5, whether or not they had diabates dur-
ing, prreprancy. For wornon with diabedes duming, preg-
nancy, the C5 & high agoss most Robeon groups
companed with wormen wi thout disbetes. Focusing on
the primary preventon of 5 would hely inneducing
the overall rate of OS5 among women with diabates

during pregnancy.
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Dahews doring pregonancy i associawed
with imreased ddence of adverse haby
oucomes. Babies born e mothers with
dinbewes  during pregnancy are zu higher
risk of perimizal mormlie and  maorbidicy
including precerm birh, congenial abror-
mality, neonaal bypoglyracmia and macro-
somiz.?

Instrumental saginal birth was asocabed with
Mmddmm with noa- There & Hule congsiency inwsmadenaly
irth: for both macroeomic (MR 2.3 ing recommendadens on the mode of

EE?'I]HII:I Tl and mon-macszsomic (A 2.
E_Ebiﬂjm

kO

birth for women with dizhews during preg-
nancy. Variazions are seen in both il
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an esimesed binh weighy >4500g."* The Nadonal Ins-
usie for Heahth and Care Excellence (NICE) guidetine
in the UK recommends indwcion of bowr or elecive
C5 il indicated, berween 57" and 35" weeks of gescuion
fior women with preexising dizhesss” For women with
pesmuonal diabeses mellins (GDM), the KICE guide-
line recommends slecive birth ne luser tan 407 weeks
af gesuion.® The Auwssralmsian Diaberes in Fregnancy
Sociery (ADIFS) guidefines advise thae for women with
pre-exiling dizhes, slecivwe OS should be considered if
emimaced bin weight excesds 425045007 For women
with uncomplicaced CIDM, ADIPS guideline dos mot
recommeend binh before erm unles there s an obsiecric
indicarion.”

The e of G5 ix high mmﬁp'mm'nrim rizthears
during pregonancy in Ausralia® The leading reasons
fior a planned G5 (prelabowr C5) are for the prevenion
of siflhinh and the redoobon of birch complicaions
ussnecizied with macrosomin? ® Correncdy, there are no
popaluion-bosed sudies in Ausraliz tha hive svaluaed
the nesnaml caromes of behies born 10 mothers with
diabeies according o the mode of birth.

COr siudy aimed o compare afverse  peonaz]
oucnmes for fve-born werm singieumns in wres presen-
@ian {TEV}) bom o methers wilh diabeiss during
pregnancy {pre-exising diabeees and GDM) by mode of
bimhsiruified macrosomia {macmsomic and non-mac-
rosmmic TE .

MATERIALS AND METHODS
[Cata searce
A  popalageontossd retrospecove cohorl soody  was
conducied I'.I.'Ii!'l'ﬂ' the MNew Seuch Wales {NEW Perinal
Tk Callection (PIC)" The M is a populaion-based
sarveillznce suem. 1 includes all binhs oooarming in
NEW public and privawe hospicis 2 well as home binhs:
Women giing birth us live births and sillbirths of a0 beass
) weeks or 2 least 40y binth weight are induoded in the
dazbaes. Around 32% of the Auscrlian popelziion lives
En MW, and more than 9% 000 women give birth in chis
azate annuaih
The NEW PIN is based on elecironic forms har ane
compbeied 21 binh by the anendans Informaiion on
masermal demographics, mavernz] hezith, pregnancy,
obseric complicions, Ehower and perinaal ouwomes
is included in ihe form. The forms are sabmined e NEW
Minisury of Healh where the information is vahidzuied
and compiled inw the susewide P

Etudy

popuiation
There wers 458 9683 TSV bom during the siwdy period of
which 100 ane silkhinibs {13 (0045%) born oo modhers with
pre-cxising diaberes and 83 (0.2%) boen 10 mothers
with QDM} Duee woour inabifity vo denofy ames of
uillting (aniepanuen or inzpariem}, these sallbictas
were excluded from the saedy. The soudy inclodes abl
Eve-born TSV (n=£8 BH2} boen in NEW w0 mothers with

dizhews duning pregnancy beoween | fanwary 50602 and
51 December 2002 OF ihese, 4500 {9075} were born o
muathers with presising dizhets and 44 58] {90LEE)
wore bom e machers wich G006

(O our sudy popukmion, 276 [0.4%) TSY were
excluded from the muldvartue logisuc regresion doe
10 admission o neonaal inensve e unic (N1CU) or
special mre nesery (5081 with one or more diagnosed
hinh defecs, and 71 (0L1%) were excluded becoae of
miwing daw {mode of birth, bimh weight and admisson
o NICL ar SCN due w binch defeo). A el of 4458 ee-
orn TEY born ee mothers with pre-exisgng dizbeses 2nd
&4 148 bom v meathers wish GDM were inciuded in the

mubtivariaie Jogisic regression.

Shudy taciors and outcome measurements
Preexisting diabewes inclades oype [ and orpe 1L CGIM is
defined as gluoose inoMerance thal & diagnosed for the
fem rime during pregnancy which may indude mperghe
cemia indwced by pregnancy or previously undiagnossd
exising abnormalities of glucess wierance

Modes of birth inchide non-irsuramenad amd irsoru-
menl vaginal binhs, prelaboar €5 {ofien knrown as an
elective 05 and incrzparmm OS5 Planmed saginal binhs
are binhs thas were primacily imendsd o be pon-in-
sindmencd vaginal birchs, althouagh they might end with
inraparsum 5, insrumencd vaginal birth or nop-insim-
menml vagine! birth

The definition for macrosomia adopied by the Eniema-
tonal Associzion of Diabeies in Pregnancy Smdy Group
af birth weight 2400y was used.™ *Large for gescaional
2ge’ wan defined as a bhirth weight greaser dhan che Bhh
percendle for gesmional age and ‘small for gesaional
age’ is birth weighe bess than be 1ikh percenile !

Adverse neonacal cussomies were 5 min .'l.pgp.r LenedE £,
negmawe admission o NI or 5CN, and the necd for
resusciion which induded reswscigion by inwermii-
Lene positive pressire respireion by bag and mask, inm-
hation, and incermilen: posicive pressure respiranon,
extemal cardine massge and ven ikeion

Statstical anafysis
Maernal chamecrerisdos  and OUICOMES  Were
comparad by mode of binh using X e Trend anakysis
wa ussd o compare the mee of prelaboar C5 by year
wsing, Maneel-Hasnszel w=i for wrend anahsis
Mualdvariazwe bogistc regression was wsed o invesd-
gawe the likefibood of adverse neoracl ouwcomes by
made of birth. Two anabaes were condieoed: che frs
compared TEV borm by prelaboear OF wich TSY born by
2l other modes of binh combined as planned waginal
hirth=. This fimt znabysis was performed o inform
the decision of performing prelaboor OGS or proceed
o planned vaginal birthe The sseoond compared TSY
bom by non-inmramenzal vaginal binh, TSV who were
planned 25 vaginal births but for whom resoning w
inscrumenial birth and inraparoum 8, and TSY born
by prefzbowr 8. The seoond analysis was performed w

2
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Figure 1 PFates of pralabowr consarsen
saction. DM, gostational dinbates malihs.

preguanceindiced - hvpersension, and  bospizl secior
[public, penaise). The anakysis wos performed using Suos-
gical for Sociml Science (SPS8) sofpeare V220
(IBM]. P waloe 000%0r O nor incduding | was oonsid-
ered sanmical be significan L

BESULTE

Mazernal characiensics and baby owcnmes are presenied
in ables [ and 2. Among mochers who wen inw 2bour,
3E.8% with pre-cxising diabeses and 31.5% widh GDM
geve binh by inscumenzl vaginal birch or intaparum
Y The highem propordoen of mathers aged <25 years
wiEre amang meters with pre-exisdng disbeies who
birmh by insrumenml vaginal bimh {16:9%, Po0U001 )
(zblz 1} The propocion of primipem mothers were
higher among these who had inscrumenial vaginal birh
(TR 2nd T7.5%% among mothers with pre-sxisdng
diabeizs and methers wich CIM, respecovely) (mbles 1
and 2. There were 17 neormel deaths of which 2 {04
per LK Hvebom TSV ) were born s wormsen with press-
ising dizbews and 15 (0.8 per LN livebom TSV) were
born 10 women with 1A,

Figure | shows an inoreasing wrend in pretabowr O5 for
boch macrosomic and mon-marroasmic TSV The largess
increase Wil seen among maomosmic TSY (F=0048),
foHowed by mon-macrosemic TSY born eo mothers with
pre-exising diabeves (P=0.032).

Among modhers with presxiving diabewes in che
planmed vaginal birth groap, the highest e of inano.
meneal vaginal birth was among those who guve binh
o non-macrosomic TSY who had indwodon of Rabowr
[132%) (onfine supplemenzry figure 1), Mothes
with GOM who had inducion of labowr and gave binch
s non-maorosxmic TSY had the highest mue of insro-
mental wginad birch (152%) (online supplemenury
figare 2).

There were no ificant changes in the e of
admision g NICUS0N foe TSY born co mothiers wich
preexisting dizbews and for macrosomic TSY born
i machers wich GIOM from 2002 @ 3012, There was a
significimt increase in the rue of high-level resusciuian

for mon-macresomic TS bom w mothens with GIDM
benseen 22 and 2012,

Preiabour {5 compared with planned vaging birh

For TSY bom o mothers wich preexising diabeces by
prelabour O, chere wa a significant increase in the odds
of admimion e NECU/SCN compared with TSV borm
by plnned saginal birch (808 23, 95%00 (1.7 w 5.2)
for macrosomic TSV, A0R 16, 9501 (1.4 o 19 Tor
nan-recrasoenic TV (mble B

Min-instnamesrtal vaginal birth compared with other modes
ol birth
TEY bom by motiers with pre-existing dizbeles
For non-macrasemic TSY, prelabour G5, inseriemenial
vaginal binh and inmparum €5 were assoczied with
increassd odds of admesion w NICUAS0N compared
with non-inszrumenal vaginad birch (AOR 21, 9%% 1
(1.8 1o 25} for prefaboor CG5; ADE 18, 95% 00 {14 w
2.3} for inmremenal vaginal birdy; AOR 2.4, 9595%C1 {20
o 3.0F for imraparmen {5). Both inssrumenal vaginal
irth amd Enrapartum (23 were associassd with a signif-
icene imkrease in the odds of requiring resuscocon
compared with nan-insrumenel vaginal birt (A0 35,
S8 CL (2.2 w 500 for insmmamencd vaginal hirh; AO0K
2.8, 95% (1 (1.6 o 5.4} for inerapanom (S} (mble 4).
For macrosamic TSV, inuramenal vaginal birth was
asoriaied with a sgmifican: inorease in the odds of
requining ressciceion (AR 26 95501 (1.2 m AT))
and admassion ax NECU/SCN (AR 20, 95207 (1.1
1o 394} compared with non-inssramenal vaginal binh
[l 4).

TEY bom e mothers with GOM

Among non-macrosamic TEY, compared wich non-insoru-
menl ng'ina] binkh, 21 other modes of bird were amo-
cizied with imcressed odds of admision w NEOU /SCN
(AOR 1.8, 95% 00 (1.4 w 16} for nesramenal vaginal
hink; AQR 19, 95%%01 (1.7 w0 20} [or inuapanmuem G5;
AR LG, 85%03 (1.5 w 1.7} for prefaboar 8§ and need
Far resusceuion (AR 36 95%Cl (2.2 w 2.9 for insiru-
menal vaginal bimh; AQR 2.8, 95% C1 (2.1 w Z27) for
imraparmen 5 ADR 1.5, 93%Cl {13 10 L7) for prela-
our (5] {abke 4).

Among macrosamic TS bom w GDM mothers,
ompared with nondnsurumenl vagina binh, ke
rate of requiring resusdoion was higher afier inseu-
menal vaginal bink (AOR 23, 03% 01 (L7 w 1))
znd lower dier prefaboer O3 (AOK 0.7, 5% 1 (0.6 w
0910 {zble 4).

MECUSSKIN

To oor knewledge, this Aoscalian sudy is the Lugea
population-based  imvesdguion of necnazl ouicomes
relawsd v maode of birth in live-torn TEY born i mothers
with dizbeus during pregnancy. The soady resil s showed
inat, zmong TSV bam 1o mothers with dizbewes diring
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simin Apgar soong <7 12 ir 1.0 {08 1o 1.8
Neod for resuscitation; 10.8 07" {05 008}
008
‘FThRafananca group.

$0Rs wers sdfueied or malomal age. matemal countny of birth, the numibor of pravioos pregnancles, smoking during pregnancy, essental

and pregnansy- inducad hyporansion: and hosphal oo

ENoad for mesciation Inciudes nlormitlon! positive presmae respinahion oy bag and mask, imubafion and imonmidient posiive prassurs

reapiration 2= wall i cxlamal cardlac massagae and veriiadon.

ADA, adpshac OF; CF, cossacan sachion; NICL, neonatyl inlonsiva oarg unit, 30, spackl carm nurseny; TEW Serm singlatons in vartme

prasanintion.

pregnancy, prelabour U5 was asocued with a sigmif
anr Encrease in othe raee of admission o NICU SSCN
compared with planned vaginal binh. Boch inscrumenizi
vaginal birth and inumparmam G5 were msocieed with
increased odds of requiring resusciion compared wich
non-insramentd vaginal birct.

Thie use of a large wilidawed popaladon-beeed daea ser
with high accuracy'® generues 3 high level of evidence
thar cannoe be achievwsd in hospicl seoings. Our sosdy
provides popalagondes] svidence on the asocion
berween mode of binh 2nd necnaml cuwomes of TSV
born wr mothen with dizhels during pregrancy in KSW
Oher szuedy also provides informadon abow climicd prac-
dce for mothers with diabeies during pregnance The
validaiian suedy by Ampr & alon the NEW PDC shaws thas
the PO had high sensibvity (2047%) and high positee
predicive wilue S9I%) in mp-nn.irrg: dichowomized
owcome varizhles such 25 Smin Apgar score <Tand
neonzal ressciazion. ™

The limiadon of the sudy ix the lack of informaion
on reasons e MICLECN admissions a8 macrosomic
TEV re rounncly admiced co NHIL/B0N For expecied
hypegivolemia withown dinicl necessity which increuses

the e of admission wo NECU /20N, Some services do
have 2 rowtine policy of admiuing babies bern o modsers
with diabews e an NICUS0N, hence the numbers
cowhl be higher Ancither Emiccon i the ok of infor-
mation on maernal body mass index and on umbilical
arery pH and ke kel To remove the confounding
relacsd o binh defeos, we excluded TEV sdmiced 1o
WU /BCN because of birdh defecs from cur mubivari-
ahle bogisic regression. Howeser, we are wnabie o adjus
far maiernal bmdy mass index, an independent risk facior
for wiverse pregrancy ouscomis siwch as ke Apgar score
and a higher mee of atmision o XICU." We used simi-
ficion by esimased fecl macrosomis uxing benh weigho
o Firmvie che imepace of maeemal body mass index on he
meade of binh and necnacd cuscomes. We are also unable
1o adjust for shoalder dyswocia as ic was oo @pred in
NEW FINC. We abo bick informataon on second-sage 05
which dil noc allow us i compane bemseen inraparinm
5 and inscrumen g vaginal birh.

Thers was no sgnificen difference in dhe odids of Smin
Apgar score < T hemween TSV born afeer prelabour CSand
ihose bom afier plenned vaginal birch for mochers wha
had pre-exising disheves or GOM. Sman & af foend a

B
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sigmificant reduction in the odds of 3min Apgar soore <7
among TSY hoern o mochers wich diahews during preg-
mancy who were born afier prelahour G5 ar 38 weeks”
Eesaion  compared  with those born afier planned
vaginal birch 21 39 weeks' gesaion.

TEV borm o mathers with dizheies doring, pregoancy
can be affeced by 2 mumber of morbidides including
respireiony distres syndrome, hypogiyaemi and hypo-
culcasmia thar can lead w an increase in che likelibeod
of admaissicn v NICLU /SCN. In addiion, 58 15 assoczued
with increased odds af necnaml respimcory morbidicg. ™
The XICE guideline recommended admission w ¥ICLF
babies who were born o madiers with diabeles had one
af the foflowing mpmms poghcarmii, respirawory
disress oF juandice, signs of candiac decompensadon,
nennzEl encephabopaihy or polycythaemia, the nesd for
ohe frefing or wha were borm preverm”

Owar sudy found  thar insurumencd svagmal  bireh
and inuzpariem OF were associaied with an increass
in ihe odds of the need for resusciouion and admis-
sian 1o NBCU/SCN compared with non-inscumenizd
vaginal birth. One indicgon for inmmmenal vagined
birth and inwrzparam (8 & feal compromise,™ which
is also 2n indicaion for neonamd resesdaion.” Ths,
rexquiring resusciciion might hase been amociaved with
frl compromize, oo che wse of instmamencd vaginal
hireh ar inrraparmam G5 Howsser, inermumencl vaginal
bireh dane is also consdersd a risk facor for reguairing
neoranl rescicion S

Oar sindy found thas women with diabees have 2 low
rzie of pondnsmmencl vaging binh and high me of
giving binh by intrapenam G5 xnd inssrumenal birch
This is consisiens with previous smdies ™ . Amoag owr
popaladon of mothers whao went inwo laboar, SE.8% of
thioae with precxistng diabeies and 51.5% of those with
G gzee birch by insrumenzl vaginal binh or ina-
parmm {35 compared with 2 4% of women in the NEW
generd popuelaiaon.™ One in four mothers $25.9% ) with
planned vaginal birch gave bird 10 2 macrosomic TSY by
inrapartum G5, and one in fve mothers (30.5%) with
planned vaginal birch gavwe birth o 3 non-macmosomic
T3V by inserumenal vaginal birch. Civen tha bodn nera-
parmm G5 and insrumenial binh are associued wich
incresed odds of adverse neonacl owmcomes, the high
proparzien of resorung o insuamencl vaginal binh for
non-macresamic TSY ar immpanum O3 for macrosomic
T3V should be consitered when planning vaginal binhs

Although prefabour O3 was asociaed with 2 reduc-
don in seme adverse neonacl owwomes, specfically
requiring resascaden for macrosomic TSY, prelabowr
08 is ausoericeed with adverss masernal owonmes. [nche
genert] popubiion, Gf s asocmied with immediase
risk e abe moher of infsoion, hzemorthage, anaes-
thedc risks amd moralin:’ Ir is alo msociasd with
an inoreased Eielinood of repe sleoive OF in R
pregpnancies and increased risk of sdlfhinh and placens
pricyia and accrec. uering rapaare, and peripariam
h:.il:n:cl.un'rr.“ The risk of adverse maremal cuwomes

Tollowing O3 might be cscbued for women with dinbeies
duaring pregnancy since chey are a higher risk of adverse
maiermal ourcomes {sach as infection and impaired
wound healing) than women withour dishewrs ™

CONCLUSION

O mothers with planned vaginal birth, one in foar gave
hirth toa macrosomic TSY iy inraparum 5 and ane in
five gave binth 10 2 pon-macroscmic TSY by insremencl
wvaginal berth. The powenal risk of adwerse neonacal
nuomss amociaed with inrzparmem OGS and insuo.
menl vaginad binh showkd be considered when plan-
ning lor birh of women with diabeees, Close moniworing
and rezdiness 1o inervene are needed when planning
tabaoner for TSV, pamicularly when the bahw s macrosomic
ax (% ix ohen requdred o expedine binh.
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Figure 51: Onset of abour and mode of birth for mothers with pre-exicting diabetes who gave

birth to macrosomic and mon-macrosomic TS
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Figore 51: Onset of labour and mode of birth for mothers with GDA who gave birth to
macrosemic and non-macrosemic TSV
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Background: Obstetric anal sphincter injuries (OASIs) are associated with mater-
nal morbidity; however, it is uncertain whether gestational diabetes (GDM) is an
independent risk factor when considering birthweight mode of birth
and episiotonTy.

Alms: To compare rates of OASIs between women with GOM and women without
GDM by mode of birth and birthweight. To investigate the association between
episiotorny, mode of birth and the risk of OASIs.

Methods: A population-based cohort study of women who gave birth vaginally in
NSW, from 2007 to 2013. Rates of OASls were compared between women with
and without GDM, stratified by mode of birth, birthweight and a multi-categorical
variable of mode of birth and episiotomy. Adjusted odds ratios (aOR) and 95%
confidence intervals {Cl) were calculated by multivariable logistic regression.
Results: The rate of DASIs was 3.6% (95% Cl: 2.6-2.7) vs 2.6% (95% (1: 3.4-25;
P < 0.001) among women with and without GOM, respectively. Women with GDM
and a macrosomic baby (birthweight = 4000 g) had a higher risk of OASIs with
forceps (@0R 1.76, 95% CI: 1.08-2.86, F = 0.02) or vacuum (8OR 1.89, 95% CI: 1.17-
3.04, P=0.01), compared with those without GDM. For primiparous women with
GDM and all women without GDM, an episictomy with forceps was associated
with lower odds of OASIs than forceps only (primiparous GDM, forceps-episiotomy
aOR 2.49, 95% ClI: 2.00-3.11, forceps aOR 5.30, 95% CI: 3.72-7.54), (primiparous
without GDM, forceps-episiotormy a0OR 2.71, 95% Cl: 2.55-2.89, forceps aOR 5.95,
95% CI: 5.41-6.55) and (multiparous without GDM, forceps-episictomy a0R 3.75,
95% Ck: 3.12-4.50, forceps aOR 6.20, 95% CI: 4.56-7 74).

Conduslon: Women with GDM and a macrosomic baby should be counselled
about the increased risk of OASIs with both vacuum and forceps. With forceps
birth, this risk can be partially mitigated by performing a concomitant episictony.

KEYWORDS
birth, birthweight, episictomy, gestational diabetes, lacerations, obstetric anal sphincter
injury. perineal trauma, perineum
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INTRODUCTION

Obstetric amal sphincter injuries [DASls) cccurred in 4322
(2.1%)} women who gave birth vaginally in Australia in 2012
OASls include both third- and fourth-degree parineal tearz.®
Third-degree tears are defined as perineal injury affecting the
anal sphinczer complex.? Fourth-degree perineal tears affect
the anal mucosa and the anal sphincter complex.? Short- and
lomg-term health problems have been reported to be associ
ated with QASls. Short-term complications can include perineal
pain, oedema, bruising and wrinary recention.®® Longterm
complicatiens can include anxiety, depression, sexual dysfunc-
tion and anal incentinence, including flatal incontinence and
leakage of stool 5

Several demographic factors have been identified as
associating with QASIs. Asian ethnicity, maternal older
age, first-time mother and giving birth in public hospitals
are all asseciated with an increase in the risk of OASIs 5%
Instrumental waginal birth, including forceps and wac
uum births, has been identified as a major risk factor for
0A51s.™ Birthweight is associated with OASIs, with a New
South Wales (M5W) populatien-based study showing a rate
increase of 21% and 25% for every 200 g increase in birth
weight, in primiparcus and multiparcus women, respec-
tively.® For macrosomic babies (birthweight = 4000 g}, thera
was a significant increase with an adjusted ocdd ratio (aQR}
of 2.64.% In addition to high birthweight, shoulder dysto-
cig has been identified as an independent rizk factor for
DASIs."® Women with gestational diabetes mellitus (GDM}
are at increased risk of OASlz due to the high birthweight
baby compared to women without GDM. 571112 preyigusly
published research shows that among women with GOM,
the OR of OASIs was 1.3 {95% CI: 1.1-1.68), compared to
women without GDM .’

There is evidence that selective episictomy can reduce
the risk of OASls.? A Cochrane systematic review shows rhat
compared to routine episiotomy, selective episiotomy with
spontanecus vaginal birth is associated with a slight reduc
tion in the rate of OASIs."® The most recent Royal College of
Obstetricians and Gynaecelogists {RCOG) third and fourth
degree tear green-top guideline recommended performing
medizlateral episictomy with instrumental vaginal birth, cit-
ing a significant reduction in OASL? To date, no published
population-based study has investigated the association
between GDM and the risk of OASls by both mode of birth
and birthweight

Cur population-based swudy of women who gave birth vagi-
nally in M5YW has two aims:

1. to compare the rate of 0ASls beoween women with or with-
out GOM by mode of birth and birthweight and

2. to investigate the association between episiotomy, mode of
birth and the risk of OASls.

MATERIALS AND METHODS
Data source

The MEW Perinacal Data Collection (PDC) was used as the data
source. The PDC is a population-based surveillance system that
covers all births cocurring in NSW public and private hospitals as
well az home births. The PDC includes s/l live births and stillbirths
of at laast 20 weeks or at least 400 g birthweight.'

Information on maternal demographics. maternal health,
pregnancy, obstetric complications, labour and birth as well as
perinatal outcomes is included in the completed form. The M5W
Ministry of Health receives the completed form, walidates and
compiles the information into a statewide PDC.'#

Study population

Al women who gave birth vaginally in MW (465 124) from 1 January
2007 to 31 December 201 3 were included. Women with pre-existing
diabetes (2296, 0.5%) and women who had breech presentation
(2518, 0.5%]) were excluded from the analysis. OF the 460 310 women
remaining in the analysis, 23 965 (52%)women had GDM and 436 345
({94 8%) women were without a diagnosis of GOM during pregnancy.

Study factors and outcome measurements

Gestational disbetes mellitus is defined as glucose intolerance
that is diagnosed for the first time during pregnancy. It may in-
clude pregnancy-induced hyperglycaemia or undiagnosed hyper-
glycaemia that existed before pregnancy.'®

Between 2007 and 2012, the Australian guidelines'™® recom-
mended screening for GOM using the glucose challenge test (GCT)
at 26-28 weeks gestation. A 753 g two-hour oral glucose tolerance
test (GTT) was recommended if the non-fasting GCT measured
at one hour post-load plasma glucose level was:

= =78 mmolL after 50 g glucose load, or
= =80 mmaol/L after 75 g glucose load.

GDM was diagnoszed if:

= fasting vemous plasma glucose level was 255 mmol/L, andfor
= wvenouws plasma glucese level was 230 mmel/L at two hours fol-
lowing the 75 g glucose foad.

In 2013, & new guideline was published by the Australasian
Diabetes In Pregnancy Society (ADIPSL'S This guidefine recom
mends routine testing for GDOM at 24-28 weeks gestation using 75 g
OGTT. GDM is diagnosed if:

= fasting glucose is 25.1 mmolfL or
= one-hour glucose is 21000 mmol/L or
= two-hour glucose is 28.5 mmelL
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The mede of birth includes spontaneous vaginal birth {vaginal
birth which did not reguire instrumental assistance), and instru
mental vaginal birth inchuding both forceps and vaouum extraction.
Episiotomy is recorded dichotomousthy as yes, no.

The cumwome of the study was third- and fourth-degree per-
ineal tears referred to as OASE. In the PDC, perineal status is
recorded a: intact, first-degree tearfgraze. second-degree tear,
third-degree tear, fourth-degree tear. and ‘other. Third- and
fourth-degree tears were combined, and all other types of tears
were combined with ‘intact. A previously published walidation
study of the N5W PDC found third- and fourth-degree tears were
adequately recorded in the PDC (Kappa value = 0.75).)7

Statistical analysis

Mazernal sociodemographic factors and obstetric characteristics
were compared among women with GOM and women without
GDM using a y* test for categorical variables and an independant
samples r-test for maternal age.

Two muitivariate logistic regression models were employed.
The first model investizgaced the ORs of OASls for women with
GOM compared with women without GDM. Data were stratified
by macrosomia'® and mede of birth (spontaneous vaginal birth,
forceps delivery, and vacuum extraction). The second model in-
vestigated the likelihood of OASEs where an episiotomy was em-
ployed in the mode of birth.

Parity was included as an interacticn term in the analysis to
examine if it was an effect modifier. In model one [(0ASs among
women with GOM compared to women without GDM), parity
was stratfied into two groups: primiparous and multiparous for
wormen who had a vacuum extraction and gave birth bo macro-
semic babies. For similar women who had either a spontaneous
vaginal birth or forceps birth, the analysis was not stratified by
parity as the interacticn of parity with GDM was nat significant.
In model twe (0ASls among women who had episiotomies and
gave birth vaginally compared to women who had spontaneous
vaginal birth without epistotomy). parity was found to be an effect
modifier in the associaticn bebween episictomy and OASEs. For
this reason, the analysis was stratified by parity. For model bao,
a multi-category variable was created for episiotomy and mode
of birth, with spontanecus vaginal birth without episictomy being
the reference group.

Odds ratios, adjusted ORs (aOR), and 95% confidence inter-
vals (Cl) were produced. Variables associated with the outcomes
in the univariate analysis (P < 0.2) and factors identfied in the
literature as potentially predictive were entered into the logistic
regression model (univariate analysis for the covariate included in
the model presented in Table 51). Adjustment for the first model
was made for maternal age groups (<25 years, 25-34 years, and
=35 years) matemnal country of birth (Australian born, overseas
born), parity (nullipara, multipara), plurality [singleton, multiple),
last birth by caesarean section {yes. no), onset of labour {=pon-
tameous, induction), episictomy performed (yes. nol, hospital

sector {public, private), and baby sex (male, female), gestational
age at birth (=37 weeks, =37 weeks) Adjustment for the second
model was made for matemal age groups, maternal country of
birth, plurality (singleton, multiple), last birth by caesarean sec
tion {yes, mo), onset of labour (spontanecus. induction), hospital
sector (public, private), baby sex (male, femalel, and birthweight
[=4000 g, =4000 g). The percentages of combined episictomy with
mode of birth stratified by parity were caiculated.

Detalls of ethics approval

The use of de-identified data was approved by the Executve
Director, Centre for Epidemiclogy and Evidence, MSW Ministry
of Health. Ethics approval was granted by Universiy of
Technology Sydmey Human Ressarch Ethics Commimee (UTS
HREC ETH16-0219)

RESULTS

Cruring the period studied, 863 (3.6%) women with GDM had OASIs,
ard 11 567 (2.6%} women without GOM had OASls (P < 0.0017).
The majority of women had third-degree perineal tears, 3.4% and
2.5% for women with and without GDM, respectively, with similar
fourth-degres tear rates of 0.2% beoween the groups.

Table 1 presents the maternal and newborn characteristics
of women with and without GDM. As seen in Tabke 1, regarding
the baseline maternal and newborn characteristcs, there were
significant differences between women with and withour GOM.
Those with GDM were significantdy older (235 years: 30.8% vs
19.5%, P= 0.001), more fikely to be born overseas (51.4%vs 31.0%,
P = 0.001), mare fikely to be induced {52.1% vs 28.6%. P = 0.001}
ard had a higher rate of episiotomy (20.5% vs 17.4%, P < 0.001).
However, the GDM group had a lower rate of macrosomia (7.8% vs
11.4%, P = 0007 Ameng women who gave birch to macrosomic
babies, there was no significant difference in the percentage of
imstrurmental vaginal birth between women with GDM (14.7%) and
those without GOM (15.7%; P=0.25).

The results of the multivariate analysis are shown in Table 2.
For women who gave birth to macrosomic babies, the odds of
DASls were significandy higher among women with GDM who
gave birth by forceps (aOR 1.76, 95% Cl: 1.0B-2.86) or vacuum
{aOR 1.89, 95% CI: 1.17-3.04) compared to women without GOM.
Women with GDM who gave birth to macrosomic babies by spon-
tanecus wvaginal birth did not have a significant increasze in the
odds of 0ASIs (a0OR 1.07, 95% CE 0.79-1.43) compared with those
without GOM.

A subgroup analysis, by parity, of women with macrosomic ba-
bies, showed wacuum births in multiparous women with GDM had
a significant increase in the odds of OASE compared to women
without GDM (aOR 266, 95% CI: 1.14-6.22). There was no statis-
tically significant increase in the primiparcus groups {30R 167,
95% Ck D.94-2.98).
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Table 3 compares the rates of episictomy, in women with and was a statistically significant difference in rates of episictomy, when
witfvout GDOM, analysed by parity and mede of birth. For primarous comparing GOM status (P < 0001} This difference was not statist
and muldparous women who had spontaneocus vaginal birth, there cally significant for primiparouws (P = 0.68) and multiparous (P = 0.05)

TABLE1 Maternal and newbom characteristics of women whao had gestational diabetes mellitus (GDM} and women without GDM

Without GDM (n =436 345) With GDM (n = 23 D&5)
n (%) n (%) Pvaluet
Age, years
Mean (500 285 (5.6) 3752 0001
Less than 25 86 457 (15.8) 2090{8.70 001
2534 264 791 (60T} 14 485 (60.4)
35 or more B5 023 (19.5) T3E3(30.8)
Mot stated BO (0.0 1400
Country of birth
Australian bom 293 042 (6B.5) 11 529 {48.1) <0001
Overseas bom 135 364 (31.00 12326151.4)
Mot stated 1939 (D.4) 11040.5)
Parity
MNulliparous 183 742 427} 9955 4L 0185
Muitiparous. 252 258 (57.8) 13269 (58.3)
Mot stated 55000 Ti0.00
Last birth by caesarean sectiont
Yes 11 476 (4.5) CES 1400 0005
HNa 240 697 (90.4) 13359 (35.9)
Mot stated o1 0.0 5{0.00
Oinset of labour
Spentanecus I eS5FiIg 11473 {479 00
Induced 124601 (2B8) 12491 (52.1)
Mot stated 4500 100
Mode of birth
Spontaneous vaginal birth 366 265 (B3.9) 19555 (31.3) <300
Forceps 24634(5.6) 1666 {7.0)
Wacuum 45 456 (104 27413
Plurality
Singleten 433 2100593 23743 {39.1) U001
Muitiple F3E0T) 2209
Episictomy
Yes 75852 (17.4) 4523 (20.5) 0001
No 360 412 (B2.6) 19041 (79.5)
Mot stated 81(0.00 1i0.0)
Hoepital sector
Public M7 (FRE) 20 28T {BA.T) =001
Private 89 257 (20.5) 2549(14.8)
Home birth/birth before 477 (1.1 12340.5)
arrival
Baky sex
Malz 211 297 (507 121574{50.7) 0938
Femals 214932 45.3) 11 80549.3)
Mot staved 116 (0.0) 3{0.00

(Cantinues)
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TABLE1 (Continued)

Without GDM (r = 436 345) With GDM (n = 23 D65)
n (%) n{%) Pyaluas
Birthweight, g
Less tham 3000 80 855 (18.5) SB31(24.3) =000
3000-3439 164 912 (37.8) 5951 141.5)
3500-3999 140 487 (32.2) 63101(26.3)
4000 and over 4373801148 1863 (7.8)
Mot stated 33400.1) 104000
Gestational age (wesks)
Less than 37 22 083 {5.1) 1507 16.3) <0001
37 and ower 414206 (34.9) 2rALG(93.T)
Mot stazed 70000 2{0.0)
tMutipara only.

$Excludes not stated values.

TABLE2 Obstetric anal sphincter injuries (DASIs) by made of birth, birthweight and gestational diabetes mellitus (GDM)

OASEs numiber (Y
‘Without GDM (reference
Mode of birth group) With GDM OR (95% 1) a0RT [95% CI)
Birthweizht < 4000 g
Spontaneous vaginal 5582/323 524 (1.7} 439017995 (24} 1.43(1.29-1.57) 1.21%(1.09-1.34)
birth
Farceps 2063/21 434 (9.6} 1841546 (1.5} 1.27(1.08-1.49) 1.13(0.96-1.33)
Vaouum 1860420 813 (4.6] 14572550 (5.7} 1.26(1.06-1.5) 1.1500.96-1.37
Birthwmight = 4000 2
Spontaneous vaginal 1273041 922 (30} 50M1530(3.1) 1.04(0.78-1.33) 1.07 (0.79-1.43)
birth
Forceps A133180 13.00 23120{192) 1.53(1.00-2.53) 1.76* (1.08-2.86)
Vaouum 36974518 (8.0) 22153 (14.4) 1.93(1.22-3.08} 1.89*(1.17-3.04)
¥0 . 0U0S.

tadR, odd ratios were adjusted for maternal age, maternal country of birth, parity, plurality, hospital secoor, kast birth by caesarean section, onset
of labour, episictorny, baby s2x and gestational age.

TABLE 2 Percentage of women who had episictomy by mode of birth, parity and gestational disbetes metlitus (GDM)

Parity Without GDM n (%) GOM n (%) Pvalue

Primiparcus
Episiotemy and spontanecus vaginal birth 21233165} 1332(20.4) =000
Epésiommy and forceps 165973 {822} 1145 (82.7) 063
Episiotomy and vacuwm 18650 (5411} 1172 (56.4) 0uDd

Multiparous
Episiotomy and spontaneowus vaginal birth 13143 (5.5} N 67 0,001
Episiotomy and forceps 2511 (63.00 193 (68.3) 0os
Episiotomy and vaouum 3303 (30.2) 200(33.4) 0u0a3

women who had forceps-assisted birth and multiparous women wiho Table 4 presents the ORs of OASIs by episictomy and

had vacuum extracticn (P =0083) The percentage of episiotomy mode-of-birth, using the spontanecus vaginal birth without
among primiparous women with GOM who had vacuum extraction episiotomy, analysed by GDM status and parity. Primiparous
was slightly higher than those without GDM (F=0004; Table 3L women with GDM, who had a forceps-assisted birth, had the
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highest odds of OASls (DR 5.30, 95% Cl: 3.72-7.54). This OR
was reduced to 2459 (95% C: 2.00-3.11) when episictomy was
performed. For primiparous women without GOM, combined
episiotomy with forceps birth or wvacuum extraction signifi-
cantly lowered the odds of QASls {from 595, 95% Cl: 5.41-
6.55, bo 271, 95% CI: 2.55-5.89 forceps) and (from 1.99, 95%
Cl 1.85-2.14, to 1.44, 95% Cl: 1.33-1.55 vacuum}. A subgroup
analysis was done for primiparous women who gave birth to

macrosomic babies. Among women with GDM, episictomy with
forceps reduces the OR of DASls frem 5.33 (95% CI: 1.42-20.38)
b 3.21(35% Cl: 1 47-7.05} compared to forceps alone. Howewver,
this reduction was not statistically significant. For primiparous
women without GDM. the odds of OASIs were lower for women
whio had an episictomy with forceps than women who did not
hawe an episictomy, (from 4.07, 95% CI: 3.15-5.26, to 1.86, 95%
Cl: 1.58-2.18L

TABLE 4 Obstetric amal sphincter injuries (0AS[s) by mode of birth, episkotomy and gestational diabetes mellious (GDM)

Butiparous
Spontanecds vaginal birth-no
epishotonmy

Spontaneous vaginal
birth-episictomy

0ASIs number (Yo}
‘With GDM

Primiparous
Spontaneous vaginal birth-no 25805198 (5.00
episiotomy
Spontanecus vaginal E&/1332(5.0)
birth-episictonmy
Forceps-mo episictomy A7/2A0(15.6)
Forceps-episiotomy 14171145 (12.3)
‘Wacuum-no episiotamy T1/907 (7.8)
Vacuurm- episictonyy TITLET)

1431 2792401.2)

Spontanecus vaginal 22/87 (25)
birth-episiotonmy
Forceps-no episictomy 5M87(57)
Forceps-episiotomy 14133 (7.3)
Vacuum-no episiotomy e (17
Vacuurm-episiotormy 10/209 (4.8)
‘Withnout GDM
Primiparous
Spontanecus vaginal birth-no 3B22M07 332(3.6)
Episiotony
Spontansous vaginal 82721 234(3.9)
birth-episictomy
Forceps mo episictomy E12/3664 [16.7)
Forceps-episiotomy 1620416 972 (9.5)
Vacuum-no episiotomy 96815823 (6.1)
Vacuum- episictonmy 932418648 (5.0
Mudtiparocus
Spontaneous vaginal birth-no 19664224097 (D.9)
episiotony

2371314201.8)

OF. (95% C1) A0RT (95% CI)
Reference Reference
1.000.76-1.32) 0.97{0.73-1:25)
A66(3.31-657) 530 (3.72-7.54)
269(217-3.34) 245 (2.00-3.11)
1.63(1.24-214) 1.79*(1.35-2.36)
1.33(1.07-1.80) 142 {1.09-1.88)
Reference Reference
218(1.39-3.44) 247*(1.55-3.93)

5.14(205-12.38) SESE(2.271-14.43)
659(3.73-11.63) 523> (2. 35-9.60)
1.44{067-3.10 1:56 {0.72-3.38)
A433(220-8.16) 3B5* (1.94-7.64)
Reference Reference

1.0201.01-1.18)

T10* {1.02-1.15)

5.44 (4596597 5.55* (5.41-6.55)
2.87(270-3.04) 271*{2.55-2 §9)
1.77(1.64-1.30) 155> {1.85-2.14)
1.42(1.32-1.53) 1.44* {1.33-1.55}
Reference Reference
2.07(1.81-23%) 206*(1.79-2.36)
7.9 (6.40-9.76) B.20* {4.9%6-7.74)
7.03(5.93-8.35) 375*(3.12-4.50)
3.45(3.00-3.96) 3.11*(2.69-3.55)
3.67 (295-4.41) 2.34*(1:39-2°85)

Forceps- no episiotonmy ITNAT2(6.6)

Forceps- episiobomey 14772511 (5.9)

Vacuurm-no episiotomy 2267644 (300

Vacuum- episictonmy 10053302 (3.0
P (.05,

ta0R, odd ratios were adjusted for maternal age, maternal country of birth, plurality, hospital sector, last birth by caesarean section, the onsetof

labowr, haby sex and birthweight.
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DISCUSSION

Cwur study results show that women with GDM who gave birth to
macrosomic babies and had an instrumental vaginal birch had an
increase in the ocdds of 3AS]s compared to women without GDM.
However, this association was not significant among women
who gave birth te macrosomic babies by spontaneous vaginal
birth. This study confirms that among primiparcus women with
GO and all women without GDM, that when a ferceps birth is
indicated, performing an episiotomy is protective against OASIs.

Gestational diabertes is associared with an increase in birth-
weight'* and the risk of shoulder dystecia whean compared
with women. without GDM giving birth to babies within the
same birthweight group.®*' In addition, ameng women with
GOM, instrumental vaginal birth is associated with increased
risk of shoulder dystocia compared to spontanecus vaginal
birth.** The combination of these risk factors may explain
why women with GDOM who gave birth to macrosomic babies
by instrumental vaginal birth had significanty higher odds of
having QA5ls compared to women without GOM. This inter-
action could be supported by our findings that there was no
significant increase in odds of OASls in GDM women who gave
birth to macrosomic babies spontanecusly or in women with-
out GOM with instrumental birth to babies less that 4000 g.
Howewver, these non-significant results may be due to the small
numbers in these subgroups.

Previously published studies show that an episiotomy
with an instrumental vaginal birth is asscciated with reduc-
ing the risk of DASIs %**% Guidefines published by both the
Raoyal College of Obstetricians and Gymascologists (RCOG) in
2011* and the Royal Australian and Mew Zealand College of
Obstetricians and Gynaecologists in 2016%° state that in the
absence of robust evidence, routine episiotemy with instru-
mental delivery cannot be recommended and that the use of
am episiotomy should be at the decision of the operator. In
contrast, the 2015 RCOG practice guideline (The Management
of Third- and Fourth-Degree Perineal Tears) recommends per-
forming an episiotomy with instrumental births# Qur results
among primiparcus women with GOM and all women with-
out GDM confirm the results published by Ampt et al. (2013}
and Gurol-Urganci et al. (2013) that an episiotomy with for-
ceps birth reduces the odds of OASls compared to forceps
alone.®'® However, we found that episiotomy at the time of
spontanecus vaginal birth increased the odds of DASls among
multiparous women with and without GDM. In comtrast,
among primiparcus women with GDM having a spontaneous
vaginal birth, there was no difference with episictomy. Even
though epiziotomy with spontaneous vaginal birth was associ-
ated with statistically significant increase in the odds of OASIs
among primiparous women without GOM, this increase may
not be clinically significant as the difference in the percentage
of OASls was only 0.3% between spontanecus wvaginal birth
with and without episiotomy.

Strengths and limitations

A strength of this study is the use of the PDC, a statewide epide-
mictogical collecton of all births inm N5W. We provide population
bazed evidence of an associaton bebween episiotomy and a
reduction of OASls among women with GDM. However, a vali-
daticn study of the GDM detection in PDC shows a sensitivity of
£3.3% (35% Cl: 49.4-75.71.% This sensitivity suggests information
bias as it reflects the pericd before the 20013 ADMPS guideline
stating all women should have universal screening for GOM.'S
Therefore, cur findings should be interpreted with this caveat.

A limitation of this study is that information on shoulder dysto
cia s not cellected or available from the PO therefore, we were
unable to sdjust for this condition in the analysis. Country of birth
was used as a proxy for the QASIs and GDM risk factor'®* ethnic-
ity, which was not available in the PDC. There was ne information
awvailable on the compliance of antenatal care providers to the
ADIPE GDM screening and diagnosis guidelines.

CONCLUSION

There was a higher rate of 045k among women with GDM. The
risk of QAS5ks aszociated with instrumental births and birthweight
=400 g should be discussed with women with GDM. Our results
among primiparous women with GDM and all women without
GDM who have forceps birth provide evidence to support the
RCOG's general recommendation to perform mediclateral episi-
otomy with instrurmental vaginal birth.
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Table §1: Univariate analysis

Crude OR (95%CT) P value
Age (Years)
less than 25 REF EEF
23-34 1.21(1.16-1.2T) =0.001
35 or more 0.73(0.68-0.78) <0.002
Country of Birth
Anstralian born REF REF
Overseas born 1.81(1.75-1.88) <0.001
Parity
Nulliparous 4.53(4.34-4.72) <0.001
Multiparous REF REF
Last birth by caesarean section
Yes 1.94(1.78-2.11) =0.001
No REF REF
Onset of labour
Spontaneous REF EEF
Induced 1.09 (1.05-1.13) <0.001
Plurality
Singleton REF EEF
Multiple 045 (0.33-0.61) <0.001
Episioctomy
{: 248 (2.38-235T) <0.001
No EEF REF
Hospital sector
Public REF REF
Private 0.44 (0.41-0.45) =0.001
Baby sex
Male 118 (1.14-1.22) =0.001
female REF REF
Macrosomic
Yes 1.68 (1.6-1.76) <0.001
Nao REF REF
Term
Yes EEF REF
No 0.54 (0.29-0.8) <0.001
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