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Abstract
Background  Amongst women who plan a vaginal birth at term, previous studies have reported that rates of 
induction of labour are increasing potentially impacting other labour and birth outcomes. Indications for induction 
of labour (IOL) have changed over time though the influences of parity and demographic factors such as age, 
ethnicity and regionality are not often considered. The aim of this study was to describe the changes in demographic, 
co-morbidity, IOL indication and clinical outcomes in women undertaking a planned cephalic vaginal birth at term 
over a 20 year period.

Methods  A retrospective population-based study was undertaken using routinely collected anonymised perinatal 
data from Queensland, Australia from January 2001 to December 2020. We included all singleton term (≥ 37 weeks) 
planned vaginal births. A total of 836,065 births met the study criteria. Data for pregnancy complications and 
IOL indications were grouped by ICD-10 codes. Analysis was stratified by parity and presented as frequency and 
percentages over time and the difference in percentages between two defined years.

Results  Rates of IOL increased by 15.5% (31.6 to 47.1%) in nulliparous and 14.6% (26.2 to 40.8% in multiparous 
women, most notable from 2015 onwards. Over the same period infants born between 37 and 38 weeks gestation 
increased by 13.9%. (18.1–32%). Amongst co-morbidities gestational diabetes increased from 3.8 to 12.8% and 
anaemia from 1.7 to 8.1%. As an indication for IOL prolonged pregnancy decreased from 41.0 to 11.2%. In nulliparous 
women the percentage of intact perineum decreased from 21.3 to 6.7% while episiotomy increased from 20.2 to 
38.8%.

Conclusions  We conclude that for women planning a vaginal birth not only has the rate of IOL increased 
substantially over the last two decades there also appears to be considerable interaction between demographic, 
co-morbidity, IOL indications and clinical outcomes that warrants further large population-based research.
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Introduction
Planned cephalic vaginal birth at term, following either 
spontaneous onset or induced labour, is the safest and 
most cost effective mode of birth [1, 2]. Compared to 
elective caesarean section, planned vaginal birth is 
associated with a lower risk of short term complica-
tions such as infection and haemorrhage, and adverse 
outcomes in subsequent pregnancies [3]. While 
planned vaginal birth is undertaken by the majority of 
women and birthing persons, internationally the rates 
have decreased over time as elective caesarean section 
(CS) increases [4, 5]. Similarly rates of induction of 
labour (IOL) have also increased resulting in an overall 
decrease in spontaneous labour onset [6]. 

The decrease in spontaneous onset of labour as a 
percentage of planned vaginal birth may be due to 
changes in policy, clinical and societal factors over 
the years. A number of studies have cited changes in 
the main indications for IOL over time [7–9]. How-
ever these changes in indication are not consistent 
across studies or countries. An examination of IOL 
trends over 20 years in Iceland reported rises in IOL 
for gestational diabetes mellitus (GDM) and prolonged 
pregnancy, whereas a single site study from Australia 
reported a decrease in IOL for prolonged pregnancy 
and an increase for decreased fetal movements over 
a five year period [7, 8]. Both studies reported a rise 
in elective IOL, that is, IOL that does not have a clear 
obstetric or medical indication but may be influenced 
by other factors that would not otherwise exclude a 
spontaneous onset of labour. Shifting demographic 
factors such as maternal age, ethnicity and regional-
ity may also be independent factors in changes in the 
distribution of IOL and spontaneous labour within 
planned vaginal birth over time [8, 10, 11]. 

Exploring trends in demographic characteristics and 
clinical indicators longitudinally can provide insights 
into the factors influencing variations in birth out-
comes. While nulliparous and multiparous women are 
both exposed to co-morbidities and IOL there exists 
the potential for difference in outcomes. Differences 
between nulliparous and multiparous women’s expe-
rience of IOL have also been reported [12]. However, 
previous authors have noted that the reporting of 
labour and birth outcomes in population based studies 
of IOL are often not stratified by parity [13, 14]. This 
approach to amalgamate parity and other variables 
contributes to the difficulties in reporting trends, in 
birth outcomes for women who plan a vaginal birth at 
term with either a spontaneous or induced onset.

The aim of this study was to describe the changes in 
demographic, co-morbidity, IOL indication and pres-
ent trends stratified by parity in clinical outcomes in 

women undertaking a planned cephalic vaginal birth at 
term over a 20 year period.

Methods
A retrospective population-based study was under-
taken using routinely collected perinatal data from 
Queensland, Australia from January 2001 to December 
2020. Queensland is geographically the second largest 
State in Australia and accounts for approximately 20% 
of the Australian population. All Queensland hospitals 
(state and private) contribute perinatal data via the 
Perinatal Data Collection (PDC) form for each birth. 
The PDC records data on basic demographics, previ-
ous pregnancies and outcomes, pre-existing and preg-
nancy related co-morbidities, labour, birth, postnatal 
and neonatal outcomes. Common medical conditions 
and pregnancy complications are pre-defined on the 
form with free text boxes capturing any conditions not 
listed. Indications for IOL are entered as free text. This 
data is then coded to International Classification of 
Diseases, 10th revision (ICD-10) codes by the Statis-
tical Services Branch (SSB) of the Queensland Health 
Department.

The anonymised dataset used for this study included 
all women with a singleton, cephalic presentation 
at term who planned a labour and vaginal birth with 
either spontaneous onset or IOL. Data for women with 
multiple pregnancies, preterm labour (< 37 weeks), 
planned caesarean section, malpresentation or still-
birth were not included. Some women would have 
recorded more than one pregnancy during the study 
period and therefore maybe represented more than 
once in the dataset.

Ethnicity was based on Australian Standard Classifi-
cation of Countries for Social Statistics (ASCCSS) from 
January 2001 to June 2001 and from July 2001 onwards 
on the Standard Australian Classification of Countries 
(SACC). Country of Birth (CoB) was grouped into the 
five largest population groups in Australia; Australian, 
United Kingdom, India, China and New Zealand. All 
other CoB data was grouped as “Other”.

The PDC provides for a main and two sub indica-
tions for IOL, only the main indication was used in 
the study. Data for pregnancy complications and IOL 
indications were provided separately by the SSB with 
data as ICD 10 codes. We grouped data for all IOLs 
into the following categories: Prolonged pregnancy 
(41 weeks or more), diabetes (pre-existing and ges-
tational), reduced fetal movements, Hypertension 
(including gestational, pre-eclampsia, eclampsia and 
HELLP), large for gestational age (LGA), small for 
gestational age (SGA), non-obstetric medical, obstet-
ric medical, Labour complication, Fetal indication, 
advanced maternal age, psychosocial and elective. For 
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outcomes such as LGA and SGA we are not able to 
define specific criteria as the ICD-10 codes provided 
are based on free text responses on the PDC form to a 
question regarding the main indication for induction. 
Therefore, the definition of LGA and SGA is open to 
the interpretation of the clinician initiating the induc-
tion or completing the form. The categorisation of 
specific ICD 10 codes in presented in Additional file 1. 
Data were reported in two calendar year periods from 
1st January of the first year to 31st December of the 
second.

Data analysis was undertaken with Stata v14.1 (Stat-
Corp, College Station, TX) and Microsoft Excel v2108. 
Categorical data is presented as frequency and per-
centage (%) for each two-year time period. Clinical 
outcomes are reported stratified by parity. For ease of 
interpretation, the difference in percentages between 
each specified two-year time point and 2001–2002 
are presented for all variables in Additional file 2. 
Multivariable logistic regression models were used to 
examine IOL with the unadjusted model containing a 
fixed effect for year as a categorical variable and the 
adjusted model containing fixed effects for year, for 
private obstetrician, gestation, BMI 35 or over (All 
variables with reference category: No), country of birth 
(Reference category: Australia), maternal age (Refer-
ence category: 16 or younger) and regionality based on 
Australian Statistical Geography Standard Edition 3 
(Reference category: major city). Residuals were exam-
ined. Predicted unadjusted and adjusted probabilities 
with 95% confidence intervals (CI) are plotted and pre-
sented in Additional file 3.

Results
Population demographics
Between January 2001 and December 2020, 836,065 
births met the study criteria of live, term, single-
ton cephalic. Compared to 2001/2002 the number 
of teenage births more than halved from 7.3 to 3.3% 
in 2019/2020 and births to women over 35 years of 
age increased from 13.2 to 18.2%. The percentage of 
births occurring between 37 and 38 weeks gestation 
increased 13.9% over the study period while rates of 
post-term birth (41 weeks or more) decreased. Diver-
sity of CoB increased during the study period with 
planned vaginal births to women from India increas-
ing from 0.3% (2001/2002) to 4.4% (2019/2020). The 
majority of women received shared care through a 
General Practitioner (GP) or public hospital clinic 
with the percentage of women seeking antenatal care 
from a private obstetrician decreasing steadily over the 
20 years (-12.6%) (Table 1; Additional file 2).

A number of co-morbidities demonstrated sub-
stantial change over the study period. Most 

notable a diagnosis of diabetes increased from 3.8% in 
2001/2002 to 12.8% in 2019/2020. Mental health diag-
nosis increased from 3.1 to 10.6% and anaemia from 
2.3 to 8.1%. The increased rates for diabetes and anae-
mia were more prominent after 2015–2016. Prolonged 
pregnancy as a recorded co-morbidity decreased from 
13.5 to 5.9% (Table 2).

Changes in induction of labour
Substantial changes in a number of indications for IOL 
across the study period are illustrated in Table  3. A 
number of these reflect the changes in co-morbidities. 
The rate of IOL for prolonged pregnancy fell 29.4% 
from 40.6% in 2001/2002 to 11.2% in 2019/2020. Rates 
for Hypertension IOL also fell 5.4%. In contrary rates 
of IOL for Diabetes increased 10.9%, Reduced fetal 
movements increased 8.6% and LGA by 7.7%. Changes 
appeared to accelerate from 2015 to 2016 onwards 
for each of these variables. While accounting for a 
relatively small proportion of IOL, rates for advanced 
maternal age demonstrated the largest percentage 
increase across the study period from 0.6 to 3.6% and 
doubling from 1.8% in 2015–2016. Rates of elective 
IOL peaked at 20.7% in 2011–2012 then decreased to 
15.2% in 2019–2021. However, in 2019/2020 elective 
IOL is proportionally the most common indication 
for IOL (15.2%) followed by diabetes (14.4%) (Table 3; 
Additional file 2).

Changes in birth outcomes by parity
For both nulliparous and multiparous women, the per-
centage of IOL increased from 31.4% in 2001/2002 
to 43.6% in 2019/2020. Over the same period the use 
of epidural or spinal analgesia increased from 25.7 to 
41.1%. Unassisted vaginal birth decreased from 77.8 
to 70.5% with assisted births increasing from 9.9% in 
2001/2002 to 13.3% in 2013/2014 with a reduced incre-
ment to 13.9% in 2019/2020. A similar trend is noted 
in the percentage of CS which increased from 9.0% in 
2001/2002 to 14.4% in 2007/2008 and plateaued (14.0 
− 14.7%) until 2019/2020 where the rate increased to 
15.5%.

The rate of IOL In nulliparous women increased 
by 15.5% (31.6 to 47.1%) and 14.6% (26.2 to 40.8%). 
in multiparous women In both groups the rate of 
increase was most notable from 2015 to 2016 onwards 
(Tables  4 and 5, Additional file 2). Following regres-
sion analysis the adjusted predicted probability val-
ues with 95% confidence intervals for IOL and yearly 
pattern were similar to those seen for the unadjusted 
model (Additional file 3). The number of nulliparous 
women utilising epidural or spinal analgesia dur-
ing labour increased 18% from 39.3% in 2001–2002 
to 57.3% in 2019–2020. The use of regional analgesia 
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for multiparous women also increased 12.8% over the 
study period (Table 4, Additional file 2).

The percentage of unassisted vaginal birth in nul-
liparous women decreased 10.6–51.9%. This resulted 
in a 6.6% increase in assisted births and 4.0% increase 
in CS. In multiparous women unassisted vaginal birth 
also decreased 4.0% with an increase of 2.4% in CS and 
1.6% in assisted birth (Tables  4 and 5, Additional file 
2).

The rate of intact perineum in nulliparous women 
fell 14.6% from 21.3% in 2001–2002 to 6.7% in 2019–
2020 while over the same period episiotomy use 
increased 18.6% from 20.2 to 38.8%. Severe perineal 
trauma (3rd and 4th degree) peaked at 4.8% in 2011–
2012 before declining by 2019–2021 to the same level 
as 2001–2002 (3.4%) (Table  4; Additional file 2). A 
similar trend was noted in multiparous women where 
intact perineum rates fell 15.9%. This was largely 
reflected in increases in 2nd degree injury of 11.4% 
and episiotomy (1.7%). The incidence of severe peri-
neal injury was stable over the study period and largely 
unchanged since 2011–2012 (1.1 − 1.2%) (Table  5; 
Additional file 2).

Discussion
This retrospective study illustrated a number of 
demographic and clinical changes in the popula-
tion of women planning a vaginal birth over a 20 year 
period. Notably our study found substantial increases 
in IOL in both nulliparous and multiparous women. 
The number of babies born between 37 and 38 weeks 
gestation also increased. There were also substantial 
changes to the rates of IOL for particular indications 
such as diabetes and prolonged labour.

Changes in ethnic diversity reflect those in the Aus-
tralia population more broadly, specifically the growth 
the Indian diaspora [15]. Whilst variations in indica-
tions for IOL may be more reflective of changes in 
clinical management of co-morbidities such as diabe-
tes [16] and clinician attitudes to IOL in response to 
more recent research [17]. However a notable finding 
of the study is that for a number of IOL and clinical 
variables the rate of change appears to accelerate from 
the 2013/14–2015/2016 period. This phenomenon was 
also noted in a 20 year trend analysis of IOL in Iceland, 
though the data in this study was reported in five to six 
year intervals [8]. 

Prolonged pregnancy demonstrated a substantial 
reduction in both reported co-morbidity and indica-
tion of IOL over the study period. This was also noted 
in previous studies of a similar population, however 
that data was limited to 2015 to 2020 [7]. It is contrary 
to the trend data from Iceland that noted an increase 
in IOL for prolonged pregnancy [8]. The publication 

of RCTs supporting IOL to avoid complications of pro-
longed pregnancy [17–19] and the subsequent noted 
change in practice in some studies towards increased 
IOL rates at 39 weeks [20] may be a contributing fac-
tor to the noted decline in prolonged pregnancy. 
This would only be the case if IOL occurred prior 
to 41 weeks to avoid reaching that gestation and the 
indication was coded to another co-morbidity. It is 
noteworthy that in the trend data the decline in IOL 
for prolonged pregnancy appears to accelerate in the 
2009–2010 period (-6.4%) with similar percentage 
reduction up until 2017–2018. This would seem to 
precede any significant change in research, practice or 
clinician attitude towards prolonged pregnancy. The 
period 2009–2010 to 2017–2018 does coincide with 
an accelerated increase in the rates of IOL for diabe-
tes. It may be that the reduction in IOL numbers for 
prolonged pregnancy are related to increased earlier 
induction for other co-morbidities such as diabetes.

IOL for diabetes increased over four-fold during the 
study period despite gestational diabetes not being 
a specific or routine indication for IOL in either the 
Queensland or international guidelines [21]. While a 
number of authors have attributed some causation to 
this increase to changes in diagnostic thresholds rati-
fied in Australia in 2014 [22, 23] other studies have 
found little or no influence [24] or highlight changes 
in demographics such as ethnicity and regionality as 
contributing factors [22]. Our study data indicates 
that the Indian diaspora population recorded the larg-
est increase of all main Australian population groups. 
Women of South Asian ethnic groups, inclusive of 
India, are at a higher risk of diabetes independent of 
other risk factors such as raised BMI [24, 25]. Other 
studies have suggested that older age and residing in 
regional and remote areas also contributes to a risk 
in diabetes. In this study the pecentage of women 
in the 35 years or older age group did increase over 
time, though residency in a regional or remote area 
decreased after the 2025 − 2016 period. This suggests 
that the interaction between demographic influences 
on IOL is likely to be quite complex.

Clinician concern over risk of macrosomia often 
associated with diabetes in pregnancy may also be 
influential on the doubling of the rate of IOL for LGA 
seen in the dataset. Again, this occurred predomi-
nantly after the 2015–2016 time period. While most 
guidelines do not recommend IOL for macrosomia 
explicitly, the clinical guidelines for the State in which 
the study population resides does, based on weight at 
gestation criteria. Specifically 3500 g at 36 weeks, 3700 
at 37 weeks and 3800 g at 38 weeks [26]. However such 
an approach relies on estimation of fetal weight by 
ultrasound and the potential for significant variations 
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in this mode of assessment has been highlighted in 
past and more recent studies [27, 28]. The increase in 
IOL for both diabetes and LGA may be impacting on 
changes in two other variables, gestation at birth and 
infant weight, The percentage of infants born between 
37 and 38 weeks increased noticeably after 2015–2016 
period, as the number of infants born with a weight 
greater than 4,200  g decreased. Studies exploring the 
effect of early term induction (38 weeks) on child-
hood development have reported lower school per-
formance with planned vaginal, either spontaneous or 
induced, birth at 40 weeks onwards [29]. An objective 
of glycaemic control and IOL for suspected LGA is to 
reduce the risk of LGA and subsequent complications 
such as shoulder dystocia. Only one randomised trial 
of IOL versus expectant management demonstrated 
a statistically significant reduction in shoulder dysto-
cia. Observational studies have not reported an asso-
ciation between early IOL and a reduction in shoulder 
dystocia though did report an increase in CS associ-
ated with IOL [30, 31]. Other longitudinal studies of 
IOL for LGA also demonstrated significantly reduced 
birthweight in the IOL cohorts compared to expectant 
management associated with increased hospitalisa-
tions and special needs to age 8 years [32]. 

Across the 20 year study period the rate of intra-
partum CS remained relatively stable in both nul-
liparous and multiparous women. This suggests that 
the increase in CS reported in both Queensland and 
national perinatal data are related predominantly to 
non-labour CS [6]. However study data indicated that 
more than one in five nulliparous women with a term 
singleton cephalic pregnancy and planning vaginal 
birth experienced a CS. Previous studies have sug-
gested that IOL, epidural/spinal use and augmentation 
increase the risk of CS in low-risk nulliparous women 
[33, 34]. In our dataset, while the rate of augmentation 
in nulliparous women was 50% this remained stable 
over the study period though rates of IOL and epidural 
rates increased. The ARRIVE trial reported a lower CS 
rate with IOL compared to spontaneous onset though 
critiques of the research have cited the large number 
of women who declined to participate as a potential 
for selection bias raising questions regarding overall 
generalisability [17, 35]. Previous retrospective stud-
ies of data from a similar population to our study have 
reported that the CS rate was higher in the IOL group 
compared to spontaneous onset for women planning a 
vaginal birth [36]. 

An interesting outcome in our data was the sub-
stantial reduction in intact perinium and to a lesser 
extent first degree injury, in nulliparous women across 
the time period. This was concurrent with a simi-
lar increase in the rate of episiotomy. Over the study 

period there was some variation in the rate of severe 
perineal injury though this was not linear with the 
increase in episiotomy. The potential for episiotomy to 
be protective of severe perineal trauma in nulliparous 
remains contentious with recent RCTs and reviews 
questioning any benefit with the possible exception 
of assisted birth [37–39]. However the rise in episiot-
omy in nulliparous women was greater than the per-
cent increase in assisted vaginal births. Recent rises 
in episiotomy use in Australia have been attributed to 
increased implementation of perineal protection bun-
dles however associated reductions in severe perineal 
trauma have not been demonstrated in unassisted vag-
inal births [40]. 

A strength of our study is the access to a large data-
set including all births over a 20 year period that met 
the study criteria for planned vaginal births. The 
data is validated by the Queensland Health Depart-
ment SSB [41] prior to release which contributes to 
the high quality of the dataset with less than 0.03% 
missing data. Limitations of the study arise from the 
descriptive retrospective design that cannot demon-
strate causation or association. The ICD-10 coding of 
the data relies on the responses from clinicians which 
may vary in accuracy and definitions applied to some 
variables. For example, it was evident in a very small 
number of cases when comparing codes for prolonged 
pregnancy to stated gestation at birth that, this did not 
always align suggesting some individual interpretation 
of the definition of prolonged pregnancy. Similarly, 
the potential for varying interpretations of free text 
entries, particularly those relating to IOL indications, 
may still occur.

Conclusion
This study has illustrated the demographics and clini-
cal changes in a large population of women planning a 
vaginal birth at term over a 20 year period. Our find-
ings have mapped changes in the birthing population 
such as age, country of birth and gestation at onset 
of labour along with substantial changes in the main 
indications for IOL including a collapse in the rates for 
prolonged pregnancy and a surge in IOL for diabetes. 
We conclude that for women planning a vaginal birth 
not only has the rate of IOL increased substantially 
over the last two decades there also appears to be con-
siderable change in demographic, co-morbidity, IOL 
indications and clinical outcomes that warrants further 
large population-based research at their interaction.
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