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ABSTRACT

Objectives We compared intrapartum interventions and
outcomes for mothers, neonates and children up to 16
years, for induction of labour (I0L) versus spontaneous
labour onset in uncomplicated term pregnancies with live
births.

Design We used population linked data from New South
Wales, Australia (2001-2016) for healthy women giving
birth at 37+0to 41+6 weeks. Descriptive statistics

and logistic regression were performed for intrapartum
interventions, postnatal maternal and neonatal outcomes,
and long-term child outcomes adjusted for maternal

age, country of birth, socioeconomic status, parity and
gestational age.

Results 0f 474652 included births, 69397 (15%) had
an |OL for non-medical reasons. Primiparous women with
I0L versus spontaneous onset differed significantly for:
spontaneous vaginal birth (42.7% vs 62.3%), instrumental
birth (28.0% vs 23.9%%), intrapartum caesarean section
(29.3% vs 13.8%), epidural (71.0% vs 41.3%), episiotomy
(41.2% vs 30.5%) and postpartum haemorrhage (2.4%
vs 1.5%). There was a similar trend in outcomes for
multiparous women, except for caesarean section which
was lower (5.3% vs 6.2%). For both groups, third and
fourth degree perineal tears were lower overall in the I0L
group: primiparous women (4.2% vs 4.9%), multiparous
women (0.7% vs 1.2%), though overall vaginal repair was
higher (89.3% vs 84.3%). Following induction, incidences
of neonatal birth trauma, resuscitation and respiratory
disorders were higher, as were admissions to hospital for
infections (ear, nose, throat, respiratory and sepsis) up

to 16 years. There was no difference in hospitalisation
for asthma or eczema, or for neonatal death (0.06% vs
0.08%), or in total deaths up to 16 years.

Conclusion 0L for non-medical reasons was associated
with higher birth interventions, particularly in primiparous
women, and more adverse maternal, neonatal and child
outcomes for most variables assessed. The size of effect
varied by parity and gestational age, making these
important considerations when informing women about
the risks and benefits of IOL.

,' Charlene Thornton,"? Soo Downe,'*® Ank de Jonge,"*
,* Sally Tracy,® Mark Tracy,® Andrew Bisits,’

Strengths and limitations of this study

» Size of data set and detailed variables utilised within
the datasets.

» Follow-up of children up to 16 years following the
birth.

» Examining induction of labour by parity and gesta-
tional age over 16 years.

» Retrospective observational nature of the study
design.

» Inability to determine if stillbirths occurred antepar-
tum or intrapartum.

BACKGROUND

Rates of induction of labour (IOL) are
rising globally,’ and around one in three
women’s labours are now induced in some
high-income countries.” > In Australia, in
2018, 45% of selected primiparous women
(aged between 20 and 34 years, whose baby’s
gestational age at birth was between 37 and
41 completed weeks, with a singleton baby
in the vertex presentation) were induced.*
Overall the induction rate in the total Austra-
lian birthing population was 34%, almost a
third increase in the last decade.* Despite this
there has been no significant reduction in
the numbers of stillbirths or neonatal deaths
in the last decade.® A Cochrane systematic
review of 30 randomised controlled trials
(RCTs) examining maternal and perinatal
outcomes associated with IOL compared with
expectant management at or beyond term,
found fewer perinatal deaths, fewer infants
with Apgar score <5 at 7min, fewer caesarean
sections (CS), increased rate of operative
vaginal births and no difference in perineal
trauma, postpartum haemorrhage or length
of maternal hospitalisation when labour is
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induced.® The number needed to treat (NNT) in order
to prevent one perinatal death was 426 in the Cochrane
review.” A more recent Cochrane review examining IOL
at or beyond 37 weeks gestation also found a reduction
in perinatal death (NNT 544), CS and neonatal intensive
care unit (NICU) admission, with no increase in instru-
mental birth.® However, based on a balance of all the risks
and benefits considered, the current WHO guideline on
labour induction only recommends the offer of IOL at or
after 41 weeks of pregnancy.’

Two RCTs set up to assess the impact of routine IOL
at around 39 weeks gestation on adverse neonatal conse-
quences (including stillbirth) did not find a benefit for
this primary outcome.®? Benefits were found in one RCT
for primiparous women, in whom CS rates and some
maternal outcomes, were improved in the IOL group.” A
meta-analysis including observational studies by the same
author as the previously mentioned RCT,” found a lower
CS rate and improved neonatal outcomes."’

Two recent studies have addressed the issue of routine
IOL for healthy women at 41 vs 42 weeks gestation."' '* In
the Dutch INDEX trial, a 1.4% absolute reduction was found
in the rate of adverse perinatal outcomes in favour of IOL,
although the rate of adverse outcomes were low in both
groups (1.7% and 3.1%). No difference in CS was found
(11% in both groups)."" The recent SWEPIS study, designed
to address the question of routine IOL at 41 weeks compared
with 42 in Sweden, was stopped because of an increased rate
of stillbirth in the expectant arm (0% vs 0.4%) 2 There were
no significant differences in the composite perinatal outcome
(2.4% vs 2.2%), mode of birth or maternal morbidity, other
than endometritis, which was higher in the women who were
induced.

In all these trials, significant numbers of women (70%—
86%) declined participation,®? ' ¥ suggesting that those who
took part might have had a different attitude to IOL than the
large majority of women in the locality of the study popula-
tion, raising questions about external validity.

Conflicting results come from cohort studies that describe
what actually happens in routine practice. In a recent report
from Denmark,” birth outcomes were examined following
a change in policy in 2011, which led to an offer of IOL for
women between 41+3—41+5 weeks instead of 42 weeks. Exam-
ining 152 887 births between 2000-2010 and 2012-2016, the
authors found no difference in stillbirths, perinatal deaths,
low Apgar scores, CS and instrumental birth rate. However,
over this period of time, rates of IOL, augmentation of
labour, epidural analgesia and uterine rupture increased
significantly.

Currently, there is disagreement about the level of risk that
justifies routine IOL when it is associated with small abso-
lute risk differences in perinatal mortality rates," potential
adverse effects for women, and the variation in this and other
outcomes across different studies and contexts, as noted
above. No studies have examined longer term outcomes.
Previously, as part of an examination of arange of intrapartum
interventions, we noted associations between induction or
augmentation of labour and short and long-term adverse

neonatal outcomes.'” In the current study, we focused specif-
ically on IOL in a low-risk population where no medical indi-
cation was identified, and we included follow-up data over a
longer period of time.

The aim of our study was to examine short-term
maternal and baby, and longer-term child health
outcomes following IOL with no recorded medical indica-
tions, when compared with spontaneous onset of labour,
in women with uncomplicated pregnancies who had not
experienced a stillbirth.

METHODS
Data were obtained from the Australian New South Wales
(NSW) Centre for Health Record Linkage. The Centre
utilises probabilistic data linkage techniques to merge
data from the following datasets: Perinatal Data Collec-
tion (PDC); Admitted Patient Data Collection (APDC);
NSW Registry of Birth Deaths and Marriages and the
Australian Bureau of Statistics (Socio-economic Indexes
for Areas, SEIFA). Probabilistic record linkage assigns
‘linkage weight’ to pairs of records.'® Records that match
perfectly or nearly perfectly on first name, surname,
date of birth and address have a high-linkage weight
and records that match only on date of birth have a low-
linkage weight.16 A false-positive rate of 0.3% of records
has been reported.'® Studies have reported a tendency
towards underreporting of maternal prenatal medical
conditions during linkage.17 '® The process of comparing
the PDC and APDC data has increased the sensitivity and
specificity for the purpose of identifying those women
with medical complications.18 1

The committee agreed that consent could be waived due
to the size of the dataset and retrospective nature of the data,
and therefore, minimal risk of identification of individuals
and the practical difficulties in obtaining consent.

Patient and public involvement

The data used for this study was routinely collected, deidenti-
fied and retrospective in nature. As a result, patients were not
involved in the design and conduct of the study, choice of
outcome measures or recruitment to the study.

Data set

The datasets included routinely collected data on all
women giving birth to a singleton infant between 1
January 2000 and 31 December 2016, with follow-up
period for hospital admissions until 30 September 2017
(see figure 1). The information collected includes
maternal demographic factors, pregnancy and labour
characteristics, neonatal outcomes and adverse health
outcomes of children (based on the International Statis-
tical Classification of Diseases and Health Problems 10th
Revision Australian Modification (ICD-10-AM).

As in our previous published study,15 we included women
who were 20-35 years at the time of birth, and who gave
birth between 37+0—41+6 weeks gestation to a singleton
baby in cephalic presentation. Women were excluded if
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NEVY SOUTH WALES LINKED DATA
2001-2016

1 463 831 singleton pregnancies

926 916 pregnancies excluded

Maternal age <20 or >35 years
Gestational age at birth <37 or 2 42 weeks
Pregnancy complications

Maternal mental health disorders
Substance abuse

Domestic viclence

Elective CS

Induction of labour for medical reasons

536 915 pregnancies and singleton births included

Stillbirth
Congenital abnormalities
Nor-vertex position prior to labour

61 750 Infants were excluded

475 165 pregnancies and singleton births included

Onset of labour
Mode of birth

513 women excluded due to missing data
Parity

474 652 pregnancies and singleton births included

210 779 first born infants 263 873 2nd-8th born infants

244 110 infants
born following

spontanecus
onset of labour

181 145 infants
born following

spontaneous
onset of labour

Figure 1
sections.

Flow chart of study population. CS, caesarean

they had identified obstetric or medical risk factors during
pregnancy or a record of substance abuse such as alcohol,
drugs or smoking. For this study, we also excluded women
with recorded social risk factors such as domestic violence, or
recorded mental health disorders prior, during or after preg-
nancy. We also excluded women if they had an elective CS, or
IOL for medical reasons (ie, diabetes, hypertensive disease,
fetal distress, intrauterine fetal death, chorioamnionitis,
blood group isoimmunisation and/or suspected intrauterine
growth restriction).

Children with any congenital anomaly were excluded
based on the ICD-10-AM codes, (Q0.0-Q99.9). Women were
also excluded if they had a stillborn baby, as we were not able
to determine if the baby was alive at the time of induction or
onset of spontaneous labour. The primary aim of this study
was not stillbirth, which has been the focus of several RCTs,

but maternal and child health outcomes in a large low-risk
population. Neonatal deaths were included in the birth
outcomes but excluded from the long-term child health
outcomes for follow-up purposes.

After applying all inclusion criteria, those with missing data
on either type or gestation of labour onset, mode of birth or
parity, were excluded from the analyses. If there were missing
data on other variables such as country of birth, socioeco-
nomic status, birth weight and interventions, these variables
were indicated as system missing in the linked data file and
subsequently excluded from the logistic regression models.
Outcomes were reported separately for primiparous women
and multiparous women, and for their neonates/children.
Outcomes for each gestational week between 37 and 41
completed weeks were also reported in subanalyses.

Variables

Methods of induction included using synthetic hormones,
artificial rupture of membranes and/or other methods such
as the use of a Foley catheter. Spontaneous onset of labour was
defined as commencing uterine contractions spontaneously.
If the labour was also augmented in either group women
were still included, as onset of labour was the focus and the
study sought to mirror the clinical reality. The following
intrapartum interventions and outcomes are reported
herein: pharmacological pain medication (ie, nitrous oxide
and opioids), epidural and/or combined caudal and spinal
epidural for pain relief during labour, spontaneous vaginal
birth, instrumental birth and emergency CS.

Short-term outcomes for infants included asphyxia,
APGAR score <4 at 5min, admission to special care nursery
(SCN)/NICU, birth trauma including trauma to central
or peripheral nervous system, scalp or skeleton or trauma
causing intracranial laceration and haemorrhage; respira-
tory disorders (<28days) including admissions in the peri-
natal period related to respiratory distress of the newborn or
chronic respiratory disease; resuscitation, including resusci-
tation by suction and/or oxygen therapy, or major resusci-
tation including Intermittent Positive Pressure Ventilation
(IPPV) by bag and mask, intubation and IPPV, external
cardiac massage and ventilation and neonatal death <28days.
Children’s characteristics including gender, gestational age,
birth weight and birth trauma were extracted from the PDC
and APDC files.

The longer-term adverse health outcomes included
asthma, ear nose and throat infections, eczema, respi-
ratory infections (including admissions related to acute
(obstructive) laryngitis, (bacterial) pneumonia. Other
infections including bacterial sepsis, streptococcal sepsis)
and mortality 228 days after birth were also extracted
from the PDC file.

Short-term maternal health outcomes were derived
from the PDC file and included postpartum haemor-
rhage for the total population. For women who gave birth
vaginally the following perineal outcomes were derived
from the PDC file: episiotomy, third/fourth degree tear
and vaginal repair.

Dahlen HG, et al. BMJ Open 2021;11:€047040. doi:10.1136/bmjopen-2020-047040



Other adverse health outcomes and other covariates
with corresponding ICD-10-AM codes are presented in
online supplemental appendix 1.

Potential confounders for either women or children’s
characteristics were selected from several data files. Maternal
age and country of birth were extracted from the PDC.

SEIFA ranks areas in Australia according to relative
socioeconomic advantage and disadvantage and educa-
tion using women’s postal codes and defined as low (<30
percentiles), medium (40-60 percentiles) or high (=70
percentiles).

Data analyses

Baseline characteristics of all births were reported using
descriptive statistics. Statistical differences in baseline
characteristics in women and children in the two groups
of interest (ie, women with either IOL or spontaneous
onset of labour) were calculated with % tests.

We used trend analyses to examine rates of IOL for
non-medical reasons among primiparous women with
uncomplicated pregnancies in the period 2001-2016.

For comparative analysis, we used spontaneous
onset of labour as the reference group. Multinom-
inal and multivariable logistic regression analyses
were performed to examine the association between
the exposure variable (IOL) and maternal and child
health outcomes. In the total population, associations
between IOL and short-term maternal and children’s
outcomes were adjusted for maternal characteristics
(ie, maternal age, country of birth, socioeconomic
position, gestational age and parity). Next, associa-
tions were calculated separately for at term primipa-
rous births (first birth) and at term multiparous births
(subsequent births). All associations were adjusted for
maternal age, country of birth, socioeconomic posi-
tion and gestational age. Afterwards, associations were
calculated individually for each completed gestational
week and adjustments were made for maternal age,
country of birth, socioeconomic position and parity.

Regarding the long-term health outcomes, adjustments
were made for maternal characteristics (ie, maternal age,
country of birth, socioeconomic, parity, gestational age)
and children’s birth year, to control for the duration of
the follow-up period.

All adjusted odds ratios (aORs) and the 99% ClIs were
calculated with the level of significance set at a p<0.01.
All statistical analyses were performed with SPSS Statistics
V.25.0 (SPSS).

RESULTS

The NSW linked data set contained data on 1 463 831
singleton pregnancies between 2000 and 2016. Rates
of infant mortality were: 8236 stillbirths (0.6%), 3104
neonatal deaths (0.2%) and 3052 child deaths during the
follow-up period (0.2%). In total 161 335 infants (11%)
were diagnosed with some kind of congenital abnormality
ranging from very minor to major.

A total 0of 989 179 pregnancies (67.6%) were excluded
from the total NSW linked dataset, including 926 916
women who were excluded for the following reasons:
medical or obstetric risk factors, for example, maternal
physical, preterm birth (n=529352); mental health
disorders (n=98 550); substance abuse during preg-
nancy (eg, smoking or drug use) (n=83 795); social
risk factors (eg, n=domestic violence) (n=4656); and
birth related factors, (eg, elective CS, IOL for medical
reasons) (n=210563).

After this exclusion process was complete, 61 750 addi-
tional cases were excluded for reasons to do with the
fetus/infant. This included a non-vertex position prior to
labour (n=6482); congenital abnormalities (n=55 256);
and stillbirth (n=12). Finally, 513 remaining women were
excluded due to missing values.

Our final linked dataset included 474 652 women
with singleton infants, of which 210 779 were first
born and 263 873 were 2nd-8th born infants (no
woman had more than eight babies) in their families
(figure 1). There were 95 neonatal deaths up to 28
days and 411 children who died older than 28 days
during the follow-up period.

Labour and birth characteristics

Among the 474652 infants of the included population,
405 255 infants were born following a spontaneous labour
(85%) and 69 397 (15%) were born after IOL without
a recorded medical reason (table 1). In the IOL group,
45 370 (65.4%) women were induced with a combina-
tion of two methods, for example, artificial rupture of
membranes and oxytocin/prostaglandin. The other
women in the IOL group were induced with one method,
for example, oxytocin/prostaglandin (n=16 974, 24.5%)
or artificial rupture of membranes (n=6572, 9.5%) or
other method such as Foley catheter (n=481, 0.6%).

Compared with women with a spontaneous onset of
labour, those with an induced labour were: older, more
likely to be of Australian origin, of higher socioeconomic
status, more likely to have an onset of labour between 40
and 41 weeks, and more likely to give birth to an infant
with an average birth weight over rather than under
3500g (table 1). In the total included population, women
who were induced differed statistically significantly on all
maternal, birth and child characteristics with all % tests
showing p<0.001. These factors were, therefore, adjusted
for in the analyses.

Over the 16-year time period, the rate of IOL doubled
for 38 and 40 weeks of gestation, and the rate of IOL
tripled for 37, 39 and 41 weeks of gestation (figure 2).
The most marked increase was observed in induction
rates at or around 37 weeks of gestation.

Short-term maternal health outcomes

In the included population, higher aORs were found for
instrumental vaginal births, CS, episiotomy, vaginal repair
and postpartum haemorrhage (PPH) among women who
were induced versus those with spontaneous onset of
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Figure 2 Change in rates of induction of labour among first
time mothers with uncomplicated pregnancies associated
with gestational age 2001-2017 NSW, Australia. NSW, New
South Wales.

labour. Fewer induced women had third or fourth degree
tears compared with those with spontaneous onset (aOR
0.82 (99% CI 0.75 to 0.89) (table 2).

Stratifying by parity

Primiparous women with IOL versus spontaneous
onset differed significantly for: spontaneous vaginal
birth (42.7% vs 62.3%), instrumental birth (28.0% vs
23.9%), intrapartum CS (29.3% vs 13.8%), epidural
(71% vs 41.3%), episiotomy (41.2% vs 30.5%) and PPH
(2.4% vs 1.5%). There was a similar trend in outcomes
for multiparous women, except for CS which was lower
(5.3% vs 6.2%). For both groups, third and fourth degree
tears were lower overall in the IOL group: primiparous
women (4.2% vs 4.9%); multiparous women (0.7% vs
1.2%)—though overall vaginal repair was higher (89.3%
vs 84.3%).

Stratifying by gestational age

When stratifying data by gestational age, the patterns
changed (table 3). For all gestational ages, primiparous
women who were induced had higher aORs for vaginal
instrumental births, CS, pharmacological pain medication,
epidural/spinal anaesthesia, episiotomy, vaginal repair and
PPH. The statistically significant benefit to primiparous
women was of a lower incidence of third and fourth degree
tears for those induced at between 40 and 41weeks gesta-
tion, though this group still had a higher rate of episiotomy
and vaginal repair than primiparous women who were not
induced. For multiparous women who had an induced
birth, statistically significantly higher aORs were found
for instrumental vaginal birth, episiotomy and PPH for all
gestational ages apart from 37 weeks, where no significant
differences were noted. AORs for pharmacological pain
relief and epidural pain relief were higher for women with
IOL at all gestations. For multigravida women with induced
labours, the aOR for CS were lower at 37, 38 and 39 weeks
and higher at 40 and 41 weeks. For pharmacological pain

medication in general, and epidural or spinal analgesia
specifically, aOR’s were higher for all gestational ages. For
third or fourth degree tear there was no significant differ-
ence for multigravida women at 37-38 weeks or 41-42
weeks gestation, but the aORs were lower at 38, 39 or 40
weeks gestation. Multigravid women who were induced had
higher aORs for vaginal repair than those who were not
induced, at all gestations except 37-38 weeks.

Short-term and long-term infant health outcomes

Infant short-term outcomes

In the included population, higher aORs were found for
admission to NICU/SCN, asphyxia, birth trauma, any
resuscitation, major resuscitation (IPPV by bag and mask,
intubation and IPPV, external cardiac massage and venti-
lation), and respiratory disorders among women who
were induced vs those with spontaneous onset of labour.
No associations were found between induction for non-
medical reasons and Apgar score <4and neonatal death
(table 4). These findings did not differ by parity, except
for the association between IOL and NICU/SCN admis-
sions, that became non-significant. There was no statis-
tically significant difference in neonatal death <28days
postpartum and child mortality >28 days and up to 16
years of age.

Stratifying by gestational age

When stratifying the analyses by gestational age for the
population as a whole the predominance of adverse
short-term infant outcomes tended to be among early
term births (ie, 37 and 38 weeks), including 39-40 weeks
for birth trauma, all forms of resuscitation and respira-
tory disorders, except for major resuscitation which was
greater for neonates after IOL in all gestational weeks
and Apgar score <4, which was not significantly different
in any gestational week (table 5). Associations between
IOL and neonatal death by gestational age could not be
calculated due to the low numbers that occurred in this
low risk population (n=95).

Long-term child health outcomes up to 16 years
Among the 474 146 children who were alive during the study
period and were born to women who were induced for non-
medical reasons, higher aORs were found for hospitalisation
for all types of infection (ie, ear, nose and throat, respiratory
infections and other infections) compared with those born
following a spontaneous onset of labour. When stratifying by
gestational age, significantly higher aORs were observed for
hospital admission for respiratory infections by all gestational
ages; and for ear nose and throat infections for those born
after IOL at between 38 and 41 weeks. Overall risk of hospital
admission for infections was significantly higher for those
born at between 39 and 41weeks gestation by IOL (table 6).
For the total population, there were no associations
found between IOL for non-medical reasons and the
long-term outcomes of hospitalisation for asthma, eczema
and mortality 228 days after birth (table 4). There was no
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change in this finding when stratifying the analyses for
gestational age (table 6).

DISCUSSION

This large linked data population study found that the
rate of IOL with no medical indication for women with
uncomplicated pregnancies tripled at some gestational
ages between 2001 and 2016. Women with uncompli-
cated pregnancies who had their labour induced had
higher rates of epidural/spinal analgesia, CS (except
for multiparous women induced at between 37 and
40 weeks gestation), instrumental birth, episiotomy
and PPH than women with a similar risk profile who
went into labour spontaneously. Between birth and 16
years of age, and controlled for year of birth, their chil-
dren had higher odds of birth asphyxia, birth trauma,
respiratory disorders, major resuscitation at birth and
hospitalisation for infection. In this study, only hospital
admissions were examined and hence more serious
illnesses. Though this risk varied by gestational age of
labour onset, there was no gestational age for which
any of these risks were significantly lower for those born
after IOL when compared with those born after sponta-
neous labour onset.

For two major outcomes the adjusted odds were lower
for some women following IOL at specific gestational ages.
These were third /fourth degree tear, for multiparous women
induced between 38 and 41 weeks gestation, and for nullip-
arous women induced at 40—41 weeks gestation; and CS for
multiparous women induced between 37+0and 39+6 weeks.
However, for those who started labour between 40+0and
41+6 weeks, the CS rate was higher among multiparous
women who had an induced labour.

Strengths and limitations
We included infants born at term after a healthy preg-
nancy in NSW, Australia between 2001 and 2016. Their
hospital admissions were followed up in the period
2001-2017. As far as we are aware, this is the largest ever
whole-population study with a focus on mode of labour
onset, and with linked data follow-up for nearly two
decades. Using population- based linked data allowed
us to compare rare and longer-term outcomes which
is not possible in RCTs due to the limited sample sizes.
However, we were restricted to available variables, and a
limited ability to verify the accuracy of registration data.
We could not analyse stillbirth separately as an outcome
as it was unclear whether IOL was undertaken for stillbirth
prior to labour onset, or if the stillbirth occurred after
labour had commenced. A similar rationale was applied to
exclude stillbirths in a recent large scale epidemiological
analysis of birth complications by parity and maternal risk
status.?’ We also did not have access to neonatal umbil-
ical pH or Lactate in the population data set we analysed
and this is not done routinely at every birth in Australia.
Long-term maternal morbidity was also not examined
and needs to be addressed in future research.
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Table 3 Continued

263 873 multiparous births

210 779 pimiparous births

474 652 total births

Induction for

Induction for
non-medial

onset of labour reasons

Induction for

non-medical

onset of labour reasons

Spontaneous

Spontaneous

non-medical

onset of labour reasons

Spontaneous

Total population

Proportion n

(%)

Proportion n

(%)

Proportion n

(%)

Proportion n

(%)

Proportion n

(%)

Proportion n

(%)

AOR (99% CI)*

AOR (99% CI)*

AOR (99% CI)t

1.94 (1.46 to 2.58)
2.01 (1.60 to 2.52)
1.50 (1.23 to 1.83)
1.61 (1.02 to 2.52)

127 (1.5)
185 (1.4)
210 (1.4)

306 (1.0)

2.33 (1.70 to 3.19)
1.73 (1.38 to 2.17)
1.45 (1.23 to0 1.72)
1.57 (1.16 to 2.14)

95 (2.4)
167 (2.2)
324 (2.3)

275 (1.2)

2.10 (1.70 to 2.59)
1.85 (1.57 to 2.17)
1.47 (1.29 to 1.67)
1.58 (1.23 to 2.04)

222 (1.8)

581 (1.1)

1299 (1.1)

38+0-38+6
39+0-39+6
40+0-40+6
41+0-41+6

594 (0.9)
958 (1.1)

705 (1.4)
1156 (1.6)

352 (1.7)

534 (1.9)

2114 (1.4)

37 (2.0)

381 (1.3)

86 (3.0)

526 (1.9)

123 (2.6)

907 (1.6)

Associations in bold are statistically significant p<0.01.

*Multinominal and multivariate logistic regression models were adjusted for maternal age, country of birth, socioeconomic status.

FMultinominal and multivariate logistic regression models were adjusted for maternal age, country of birth, socioeconomic status, parity.

FIn the multinominal regression model vaginal birth is the reference group.

§In the multinomial regression model no pain relief treatment is the reference group.

247900).

177 039) and 2nd-8th births (n=

424939), first births (n

fIThe maternal outcomes episiotomy, third/fourth degree tear, vaginal repair are calculated for vaginal births for the total population (n

aOR, adjusted OR; NA, not aaplicable.

We cannot establish causality in our study. Although
we adjusted for a range of confounders, our associations
could be affected by unmeasured factors that could influ-
ence short and longer-term outcomes, including the lack
of consistent data on antibiotic use, method of infant
feeding, paternal or familial characteristics, ethnic group
or environmental factors. However, given the large scale
of the study, and the size of the differences we found for
some variables, we believe it is critically important that
the findings are taken into account in information given
to women about the potential advantages and disadvan-
tages of IOL, and when designing future prospective
studies in this field.

We were not able to report on visits to general practi-
tioners in the follow-up period for maternal and children’s
outcomes. However, it is likely that a visit to hospitals with
specific conditions is an indicator for more severe disease
than a visit for community-based healthcare, so our find-
ings on the longer term impact of IOL for children are
likely to reflect serious outcomes that are important to
families and to the health system.

The results of this study could have been different if
it had been conducted prospectively, based on intention
to treat. It is also possible some of the women induced
without medical reasons identified may have had medical
indications for their induction but were misclassified in
their electronic patient files. Women with a stronger pref-
erence for physiological birth may also have not chosen,
or agreed to IOL, and they may be more likely to pursue
a normal labour and birth. However, the data sources
have a good track record of accuracy, so we do not believe
these errors are likely to be large, or that they would have
significantly influenced the direction of effect of the
outcomes.

Interpretation

This study raised important questions as to why the short-
term results are so different from the RCTs discussed at
the beginning of the paper. For example, CS rates were
around three times higher for primiparous women at all
gestational ages of labour onset, in direct contrast to the
outcomes from arecent RCT.? This may be due to selection
bias within our study. Alternatively, it could be a function
of non-representative study populations in RCTs. In all the
recent RCTs examining the question of IOL versus spon-
taneous onset of labour, significant numbers of women
(70%-86%) declined participation®? ' ¥ suggesting that
those who took part might have had a different attitude
to IOL than the majority of women in the local popula-
tion, raising questions about external validity of the trial
results. This was one of the reasons why we wanted to take
a whole population approach in our study, to reflect the
actual experience of hundreds of thousands of women
and their children, over an extended time period. Our
data accord with other whole population, longer term
observational studies, such as that reported recently from
Denmark.'?

12

Dahlen HG, et al. BMJ Open 2021;11:¢047040. doi:10.1136/bmjopen-2020-047040



Open access

panuiRuo)

BWaZzo]

"Joy (L'p) g2v ol ‘Joy (6'7) 61788 ‘Joy (8'%) 2/2 61  Jnode] Jo 1esuo snosuejuodg

(9071 01 68°0) 26°0 62 ¥SLE (171 0166°0) GO'} (2'2) 26. (ZO'L 01 $6°0) 00"} (8'2) 961 JNoge| jo uoionpu|

BwILISY

(81’1 01 10°L) 60°F (9°¢) Levt (6L 01€0°L) LL'L (2°G) 1691 (ZL1'L 01501 LE'L (Sv) 8LIE JNoge| Jo uononpu|

«Sloplosip Alojelidsay

1oy (9¢) 0218 1oy (69) se9 01 1oy (9'7) G08 81 4nogey Jo }osUO snosueuods

(8210102} ¥2'L (652) L1 0L 6L LOYLL'L) SL'L (52e) 2196 (AN WANN A} (8'82) 656 6+ Jnoge| o uononpuj

§uoneyosnsay

1oy (8°1) ev6E ‘Joy (€9 vvv6 ‘Joy (e°¢) /8¢ €1 JInogey Jo 18suU0 snosueluodS

(L6'L 01 G9°0) L1} (L'0) 62 (2971 0199°0) ¥O' | (L0 v (061 0192°0) 2O} (L'0) 02 Jnogej Jo uoionpu|

> 8100s Jebdy

Dahlen HG, et al. BMJ Open 2021;11:€047040. doi:10.1136/bmjopen-2020-047040

oy (2°0) 9T ‘Joy (e1)eive JoY (01) 928¢ Jnoge 4o 1esuo snosuejuodg

(21 01 66°0) SO'L () evie (0L 0186°0) €0°k (98) €952 (01’1 01 10°}) SO°L (89 glLy inoge Jo uononpuj

Asesinu aseo [eroads Jo NDIN HWPY

119 %66) HOV (%)u uonuodoud 4019 %66) HOV (%)u uorodoud «(10%66) HOV (%) N uoiiodoad
syuiq snosediyjnw syuejul /8 €92 sypiq snosediwnd sjueyul 622 012 Sueyul 269 b1

13




Open access

‘AlesInN aJe) [e1oadg ‘NDS ‘1Un 8Jed SAISUSIUI [BIBUOSU ‘NDIN ‘UOIIB|IIUS/ 8INSSald dAILSOd JUsIWLIBIU| ‘Add| ‘HO paisnipe ‘oe
‘sisdas [B020201dauls ‘sisdas [ela1oeq ‘e|duwexa Jo} ‘0] paje|al SUOISSIWPE apnjoul SUOOaUI§S
‘eluownaud (jeusioeq) ‘siibuiie| (8A130N13sqo) 81nNoe ‘e|dwexa Jo} O} Paje|dl SUOISSIWPE 8pNnjoul suoijosul Alojesidseytt
‘pouad dn-mojj0} 8y} BuLINp Al 819M OYM SJUBJUI UIO] //G €92 YI8—PUg ‘SIuBjul UIOg 1S4} 69S 012 ‘SIUBUI Op | 1/ 10} PaUILEXS dJE SSWOIINO0 Yieay wisy-buotl

-aseas|p Alojesidsal 01UOIYD ‘ulogmau JO ssadlsip Alojelidsal 03 palejal pouad |ereunad syl ul NOS/NDIN O} SuoIssiwpe apn|oul siepJosip Aiojesidsay,,

"uolje|USA pue ebessew oeIpJeD [BUIBIXS ‘Add| PUB Uoiegniul “Ysew pue Beq AQ Add] 01 Slejel uoieyosnsal JofelAl,

"UOIB|IJUSA puR abeSsSeW OBIpJBD [BUISIXS ‘Ndd| PUB uoiegniul ‘ysew pue Beq Ag Add| ‘Adeiayl usbAXo ‘uoiIoNs 01 SIaje) UOIBHOSNSaYS
‘BWINEJ} YUIg 01 eanp abeyliowsey pue Uoljelade| [eIUBIOBIIUI ‘UOIS[aXS O} BwNeJ} Yuiq ‘d[eas o0} ewnel} yuiq ‘wealsAs snoaau [essyduied Jo [BJjusd 0} ewined) Yyuig O} siajal ewnel} yuigt
Jeak yuiqg s,ualp|iyo pue (ebe [euoijelseb ‘sniels 0jLou0I80100s ‘Yuig Jo Aipunod ‘ebe [eulajew ‘al) SolIs18}oBIBYD [BUISIEW JO) pPalsnipe
9Je SBWOIINO0 Y}jeay wisl-buo| seaseym ‘(8be [euoijeisab ‘snjejs o1Louo290100s ‘Yuiq Jo Aunod ‘ebe [eusajew ‘al) solIsLI91oeIBYD [BUJISTBW IO} PajsSnipe aje SewooINo Yiesy wis}-Hoyst
Jeak yuig s,ualp|iyo pue (Auued ‘ebe jeuoneiseb ‘snieis o1Louod90100Ss ‘Yuig Jo Aipunod ‘ebe [eulajew ‘al) sOIISLI910BIBYD [BUISIBW JO} palsnipe ale
SBWO02IN0 Yjeay wusl-Buo| seasaym ‘(Ayued ‘ebe [euoljelsab ‘sniels olLou0290100s ‘Yuiq o Aunod ‘ebe [eussiewl ‘i) SOIISLIB}OBIEYD [BUJSIBW JO) PalSN[pE 8Je SaWo2IN0 Yjeay wis}-Hoys,

"10°05d jueouBIS Ajjeonsiiels aJe pjog Ul SUOIBI00SSY

(vg'L o1 2r'0) 220
‘#od

(9z'c 0120 OL'L
Joy
(22’1 0180°1) S1°L

‘#ed

(821 016L°1) V2L
1oy

(2 101160 20°L
1oy

(20°0) 92
(0+0) 622

(¢'9) svve
(¥°9) ¥S0 2

(8'61) 1282
(€91 L¥S 9¢

(£'0) £62
(20) 8591

(98°1 0125°0) 86°0
‘#od

(8L1'2016L°0) 590
‘Joy
(22’1 01 90°1) vI°L

Jod

(9z'L 01 GL°L) 02t
1oy

(0L 01 120) 2870
1oy

(90°0) 61
(80°0) ZE1

(20°0) 9
(€0°0) 8¥
(09) G221

(7°S) 2896

(6°St) 8697
(L'v1) G665 92

(90 181
(80) 90¥ I

(v2'L 01 ¥S°0) 28°0
‘#od

(€6°'L 01 6€£°0) 280
‘Joy
(611 01 60°L) V1L

Jod

(G2’ o18L°L) 22’}
1oy

(211 01/8°0) 660
Joy

(90°0) SV INoge| Jo uoioNpU|
(60°0) 99¢ Jnoge Jo 19suo snosueluodg
shep gz AujeroN
(c00) €1 JINOGE| JO UORONPU|
(¢0'0) 28 INOQe] 40 }SUO SnosuEBUOdS

wnyed 1sod sAep ggs yieep [eleuosp
Ayjepow yueyu)
(L'9) 0gey JNoge| Jo uononpu|

(#'g) L¥2 12 Jnoge| o 18Suo snosueuodg

§§suonosju
(1'81) 695 21
(951 2L €9

Jnoge] 40 uononpu|
Jnoge] Jo 19suo snosueuodg
Tisuonosjul Aiojesidsay
(2°0) v2v
(8°0) ¥90€

Jnogej Jo uononpu|
Jnoge 4o 18suo snosuejuodg

4(12 %66) HOV

(%)u uonuodoud

1112 %66) HOV

(%)u uonpuodoud

(1D %66) HOV

(%) N uorpodoid

syuIq snosednnw sjuejul £/8 €9z

syuiq snosediwiid sjuejul 622 012

Sjuejul g69 v .1y

penunuod ¥ a|qelL

Dahlen HG, et al. BMJ Open 2021;11:¢047040. doi:10.1136/bmjopen-2020-047040

14



Open access

|I

Spontaneous onset of labour Induction for non- medical
proportion N (%) reasons Proportion n (%) AOR* (99% ClI)

37+0-37+6 2408 (12.8) 454 (14.4) 1.16 (1.00 to 1.34)

39+0-39+6 6746 (5.7) 1197 (5.9) 1.08 (0.99 to 1.18)

41+0-41+6 3973 (7.1) 351 (7.4) 1.01(0.87 to 1.17)

37+0-37+6 165 (0.9) 42 (1.3) 1.64 (1.04 to 2.58)

39+0-39+6 989 (0.9) 193 (1.0) 1.18 (0.96 to 1.45)

41+0-41+6 699 (1.2) 79(1.7) 1.22 (0.89 to 1.66)

37+0-37+6 24 (0.1) 6(0.2) 1.63 (0.50 to 5.31)

39+0-39+6 111 (0.1) 16 (0.1) 0.79 (0.38 to 1.65)

41+0-4146 66 (0.1) 8(0.2) 1.30 (0.49 to 3.43)

37+0-37+6 591 (3.1) 124 (3.9) 1.34 (1.03 to 1.75)

39+0-39+6 3593 (3.0) 705 (3.5) 1.20 (1.08 to 1.34)

41+0-41+6 2346 (4.2) 226 (4.7) 0.99 (0.82 to 1.19)

37+0-37+6 3997 (21.3) 723 (22.9) 1.06 (0.94 to 1.20)

39+0-39+6 25 346 (21.3) 5252 (26.0) 1.21 (1.16 to 1.27)

41+0-41+6 16 635 (29.5) 1461 (30.6) 1.00 (0.91 to 1.08)

37+0-37+6 849 (4.5) 206 (6.5) 1.48 (1.20 to 1.83)

39+0-39+6 4871 (4.1) 1005 (5.0) 1.22 (1.11 to 1.33)

41+0-41+6 3317 (5.9) 363 (7.6) 1.26 (1.08 to 1.46)

37+0-37+6 1180 (6.3) 282 (8.9) 1.43 (1.19 to 1.71)

39+0-39+6 4200 (3.5) 798 (3.9) 1.15 (1.04 to 1.27)

41+0-41+6 2736 (4.9) 253 (5.3) 1.03 (0.86 to 1.23)

Associations in bold are statistically significant p<0.01.
*Adjusted for maternal characteristics (ie, maternal age, country of birth, socioeconomic position, parity).
aOR, adjusted OR; NICU, neonatal intensive care unit.
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Table 6 Proportions and associations of long-term infants outcomes with induction of labour for non-medical reasons,
stratified for gestational age groups (37-41 weeks), New South Wales, Australia 2001-2016 (n=474 146)

Spontaneous onset of labour

Induction of labour for non-
medical reasons

Proportion n (%)

Proportion n (%) AOR* (99% CI)

Asthma
37+0-37+6 698 (3.7)
38+0-38+6 1728 (3.1)
39+0-39+6 3569 (3.0)
40+0-40+6 4701 (3.0)
41+0-41+6 1700 (3.0)
Ear, nose and throat infections
37+0-37+6 967 (5.2)
38+0-38+6 2550 (4.6)
39+0-39+6 5459 (4.6)
40+0-40+6 7559 (4.8)
41+0-41+6 2737 (4.9)
Eczema
37+0-37+6 155 (0.8)
38+0-38+6 427 (0.8)
39+0-39+6 916 (0.8)
40+0-40+6 1137 (0.7)
41+0-41+6 429 (0.8)
Respiratory infectionst
37+0-37+6 3309 (17.6)
38+0-38+6 8778 (16.0)
39+0-39+6 18 208 (15.3)
40+0-40+6 24 346 (15.6)
41+0-41+6 8501 (15.1)
Infectionst
37+0-37+6 1135 (6.0)
38+0-38+6 3115 (5.7)
39+0-39+6 6339 (5.3)
40+0-40+6 8171 (5.2)
41+0-41+6 2981 (5.3)

101 (3.2) 1.00 (0.75 to 1.33)
381 (3.1) 1.06 (0.91 to 1.24)
574 (2.8) 1.02 (0.90 to 1.15)
758 (2.6) 0.96 (0.87 to 1.07)
132 (2.8) 1.10 (0.86 to 1.39)
186 (5.9) 1.15 (0.92 to 1.43)
828 (6.7) 1.28 (1.15 to 1.43)

1348 (6.7) 1.34 (1.23 to 1.45)

1802 (6.3) 1.26 (1.18 to 1.36)
246 (5.2) 1.14 (0.95 to 1.36)

22 (0.7) 0.97 (0.53 to 1.76)
89 (0.7) 1.01 (0.74 to 1.38)
165 (0.8) 1.19 (0.96 to 1.49)
173 (0.6) 0.88 (0.71 to 1.09)
25 (0.5) 0.80 (0.47 to 1.36)
629 (19.9) 1.20 (1.06 to 1.37)

2596 (21.0) 1.32 (1.24 to 1.42)

3720 (18.4) 1.23 (1.17 to 1.30)

4906 (17.0) 1.17 (1.12 to 1.22)
718 (15.1) 1.13 (1.01 to 1.27)
231 (7.3) 1.19 (0.97 to 1.45)
741 (6.0) 1.04 (0.93 to 1.17)

1168 (5.8) 1.10 (1.01 to 1.20)

1796 (6.2) 1.21 (1.13 to 1.30)
284 (6.0) 1.15 (0.97 to 1.36)

Associations in bold are statistically significant <0.01.

*Long-term health outcomes are adjusted for maternal characteristics (ie, maternal age, country of birth, socioeconomic, parity) and children’s

birth year.

tRespiratory infections include admissions related to, for example, acute (obstructive) laryngitis, (bacterial) pneumonia.
fInfections include admissions related to, for example, bacterial sepsis, streptococcal sepsis.

AOR, adjusted OR.

For some multiparous women, two outcomes were
improved following IOL when compared with spon-
taneous labour onset. Emergency CS rates were lower
following induction in multiparous women at 37-40
weeks gestation; however, instrumental birth rates were
higher for those who had IOL between 38 and 42 weeks
gestation. The long-term impact of more instrumental
birth on pelvic floor damage needs to be considered,”
but we did not have the data on this.

The lower rates of third and fourth degree perineal
trauma following IOL, mostly for multiparous women,
is intriguing, as they had higher rates of vaginal birth,
episiotomy, and instrumental birth, all of which have
been cited as risk factors for severe perineal trauma.?
Both primigravid and multigravida women with induced
labours at all gestational ages had higher rates of vaginal
repair, except at 37-38 weeks when no differences were
evident. The longer-term benefits of reduced rates of
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third and fourth degree tears need to be followed up
in future longitudinal studies, as well as the benefits of
intact perinea. It is possible that some third and fourth
degree tears were not reported when an episiotomy was,
thus leading to a lower rate. Australian data is recognis-
ably unreliable in this area given 25% of women have care
from private obstetricians and the underreporting of
severe perineal tears in private hospitals has been raised
previously.” We did not find any differences in neonatal
outcome in our study, but we did not examine the
impact on intrapartum stillbirth, and there is evidence
on reduced adverse perinatal outcomes (and on some
maternal outcomes, such as pre-eclampsia) in the current
trial data.’ *Our data, therefore, need to be balanced with
these findings from RCTs.

Itis widely agreed that, on the basis of ‘first do no harm’,
interventions should not be undertaken for women with
uncomplicated pregnancy, labour and childbirth unless
there is clear evidence of benefit, either at the popula-
tion or the individual level. There is an ongoing debate
about the appropriate indications for, and timing of, IOL
in the absence of any indication apart from gestation.'**’
WHO has advised against IOL without medical indication
before 41 weeks gestation,” and the 2016 Lancet series on
Maternal Health concluded that IOL was one of the inter-
ventions done ‘too much too soon’ in many settings.'
There is also rising particular concern about potential
neurological impacts from iatrogenic early birth.**

Importantly women have mixed responses to IOL and
this needs to be better understood. A recent review of 10
qualitative studies found women did not feel involved in
decision making regarding IOL and they were unpre-
pared for many of the aspects of the process.” In a
Swedish cohort study, women who were induced more
often used epidurals for pain relief and were less satis-
fied.” This contrasts with findings that there is no differ-
ence in need for labour pain relief, or perception of pain
reported in one of the RCTs discussed above,” while others
do not report this outcome. Another recent scoping
review studied both women’s and clinicians’ experiences
of care and decision making regarding IOL and found
women’s expectations and preferences are often unmet
and decision making largely informed by clinicians’ atti-
tudes towards indications for IOL, rather than involving
women in shared decision making.?” There is also wide-
spread unexplained variation in clinical practice guide-
lines for IOL.*

Considerations for future research

There is an urgent need to understand why the obser-
vational data on IOL are consistently at odds with the
findings from RCTs. More large whole population obser-
vational studies from different contexts would help with
constructing accurate locally relevant information for
maternity care providers and for women, especially if
these studies set a priori criteria for adjustments, and for
subgroup analysis, with all concerned stakeholders. It is
also important to examine the influence of both service

users and service providers prior values and beliefs on
labour onset, and the organisational contexts and mater-
nity care ethos in which both RCTs and observational
studies are conducted.

Our study did not include data on longer-term clinical
and psychological impacts for women. The evidence on
women’s experiences of JOL when there is no medical
indication is mixed to date and has not been modelled
by parity and other factors, such as women’s choices
for or against IOL in the absence of medical indica-
tions. The choices women make in subsequent preg-
nancies following an experience of IOL also need to
be explored further, with emerging evidence that some
women seek to have homebirths and freebirth in order
to avoid perceived pressure to accept IOL in hospital.”?
The psychological impacts for women whose labours are
induced compared with those that are not need further
exploration, especially into the long term.”*™ Health
economic analysis should be considered, including an
assessment of opportunity costs in relation to availability
of resources for women and neonates with higher levels
of risk if women at low risk are routinely offered induc-
tion at ever lower gestations." '*** Our findings indicate
that any future research in this area should account for
parity, gestational age and longer-term outcomes, as a
basis for informing women about individualised risks and
benefits of different labour-onset options.

Conclusion

IOL can be lifesaving. However, our data suggest that, for
women who do not have a medical indication for labour
induction at or near term, there could be increased rates
of intrapartum interventions and adverse outcomes in
the short term for mother and neonate, and of hospi-
talisation for infection in the longer term for children.
We did not find any benefits of IOL for neonates, at any
term gestation of labour onset. The size of effect for most
variables we assessed varied by parity and gestational
age, making these important considerations to focus on
in future studies. When IOL is requested by women or
offered to them without a specific medical indication
(other than gestational age), these short-term and long-
term outcomes should be included in the information
discussed with them. Women’s views and experiences
as well as their long-term maternal outcomes should be
considered in future research.
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