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Abstract

Background

The preterm birth rate is rising in high-income countries and is associated with increased

mortality and morbidity. Although the risks increase with greater prematurity and risk factors

have been found to vary with gestational age and labour onset, few studies have focused on

the myriad pathways to extreme preterm birth (20–27 weeks’ gestation). The current study

investigated trends in extreme preterm birth by labour onset type and examined the ante-

cedent risks to further our understanding around the identification of high-risk pregnancies.

Methods

Retrospective cohort study including all singleton extreme preterm births in Western Austra-

lia between 1986 and 2010. De-identified data from six core population health datasets

were linked and used to ascertain extreme preterm births (excluding medical terminations

and birth defects) after spontaneous onset of labour, preterm pre-labour rupture of mem-

branes, and medically indicated labour onset. Trends over time in extreme preterm birth

were analysed using linear regression. Multivariable regression techniques were used to

assess the relative risks associated with each salient, independent risk factor and to calcu-

late Population Attributable Risks (PARs).

Results

The extreme preterm birth rate including medical terminations and birth defects significantly

increased over time whereas the extreme preterm birth rate excluding medical terminations

and birth defects did not change. After medical terminations and birth defects were

excluded, the rate of medically indicated extreme preterm births significantly increased over

time whereas the rate of preterm pre-labour rupture of membranes extreme preterm births

significantly reduced, and the rate of spontaneous extreme preterm births did not signifi-

cantly change. In the multivariate analyses, factors associated with placental dysfunction

accounted for >10% of the population attributable risk within each labour onset type.
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Conclusions

First study to show that the increase in extreme preterm birth in high-income jurisdiction is

no longer evident after medical terminations and birth defects are excluded. Interventions

that identify and target women at risk of placental dysfunction presents the greatest opportu-

nity to reduce extreme preterm births.

Introduction

Research has demonstrated that the preterm birth (< 37 weeks gestation) rate is rising in high-

income countries [1–4]. Preterm birth is associated with marked increases in mortality and

morbidity in the perinatal period, adverse outcomes throughout the lifecourse, and is the pre-

eminent problem facing obstetricians and neonatologists in high-income countries [1]. Typi-

cally, there is an increase in health and developmental risks with greater prematurity—for

example, the stillbirth rate for singleton births in Western Australia from 1986–2010 was 523.0

per 1,000 for births at 20–27 weeks gestation compared with 19.6 per 1,000 for preterm births

at 32–36 weeks [5].

A complex and inter-related range of risk factors for preterm birth have been identified in

the extant literature. These include distal characteristics associated with sociodemographic cir-

cumstances, genetic traits, reproductive history and some maternal medical conditions, and

factors that are more proximal to the birth—such as complications of pregnancy and delivery

[6–9]. An emerging body of research indicates that the predictors of preterm birth differ with

the degree of prematurity, although few studies have focused specifically on the profile of risk

in early gestational epochs, when health outcomes are most likely to be compromised [10–12].

Given that perinatal mortality is most commonly experienced in the extreme preterm period,

a focus on antecedent risks in this period may provide the greatest opportunities to support

obstetric and public health interventions aimed at reducing perinatal loss.

Antecedent risk profiles have been shown to differ by labour onset types, reflecting the myr-

iad different pathways to preterm birth. The evidence-base, to-date, is derived from a handful

of studies that have investigated the trends and predictors of all preterm births after spontane-

ous onset of labour, pre-labour rupture of membranes, and medically indicated labour onset

[1, 8, 9, 13–16]. None of these studies has focused on the predictors of extreme preterm births

in particular. The aim of the current study was, therefore, to: (1) use total population linked

health data in Western Australia to provide a more nuanced understanding of the antecedent

risks to births at 20–27 weeks gestation, and how this varies by labour onset type, and (2) by

doing so, to further our understanding around the identification of high-risk pregnancies and,

where appropriate, identify targets for intervention that have the potential to decrease the inci-

dence of extreme preterm birth and associated mortality and morbidity. In our previous

research we found that, when assessing changes in rates over time, it is important to account

for birth defects and late pregnancy termination (20 weeks or more gestation) [5]. Accord-

ingly, in the current study we investigated trends in the extreme preterm birth rate including

and excluding medical terminations and birth defects.

Methods

Study population and data sources

This retrospective cohort study included all singleton term and extreme preterm births in

Western Australia between 1986 and 2010, inclusive. Study data were sourced from core

Extreme preterm birth
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population health datasets held by the Data Linkage Branch of the Western Australian Govern-

ment Department of Health (DLB). These datasets include the Midwives’ Notification System

(MNS), Western Australian Register of Developmental Anomalies (WARDA), the Birth Regis-

tration and Death Registration datasets (from the Western Australian Registry of Births,

Deaths and Marriages), the Hospital Morbidity Data Collection (HMDC), and the Mental

Health Information System (MHIS).

The MNS records the circumstances of all births of 20 weeks or more gestation, with infor-

mation received from attending midwives. The WARDA includes all birth defects diagnosed

at birth for stillbirths (including terminations of pregnancy) and livebirths as well as diagnoses

for livebirths up to six years of age from a number of sources with a high level of ascertainment

[17]. The HMDC collects information on discharges from all hospitals (public and private) in

Western Australia and the MHIS records information on mental health outpatient

admissions.

These data were linked together by the DLB by probabilistic linkage using common identi-

fiers including name, address and birthdate [18]. Multiple linkage passes are conducted in

order to minimise both false-positive and false-negative errors along with clerical review to

resolve doubtful links. The procedures used in the extraction of data from the WA Data Link-

age System (WADLS) have been internationally accepted as best practice [19] and the quality

of linkages have been shown to be highly reliable [18]. The MNS record was used as the initial

master file and data linked across datasets. The MNS has been found to have greater than 99%

ascertainment of births in WA from 1980 onwards [20] and over 97% agreement with corre-

sponding medical records regarding pregnancy complications and pre-existing medical condi-

tions [21]. Only de-identified data files were extracted (for each dataset) by the DLB and

provided to the researchers [22]. We then merged the datasets using a linkage key.

This research was granted ethics approval by the Western Australian Department of Health

Human Research Ethics Committee (#2011/64) and the Western Australian Aboriginal Health

Ethics Committee (#613). These ethical approvals support a waiver of consent on the basis that

the study: (1) utilises routinely collected information from existing administrative datasets

(and, accordingly, does not include active participants); and (2) only has access to de-identified

data, which are stored, analysed and disseminated according to strict protocols.

Extreme preterm birth

Consistent with World Health Organization guidelines [23], extreme preterm birth was

defined as occurring between 20 and 27 weeks gestation (inclusive) and term as 37 or more

weeks gestation. Based on data on labour onset and pre-labour rupture of membranes, extreme

preterm births were subdivided into three labour onset categories: Spontaneous if labour onset

occurred spontaneously with intact membranes, preterm pre-labour rupture of membranes if

spontaneous rupture of membranes occurred prior to the onset of labour, and medically indi-

cated where labour was induced or caesarean section occurred prior to labour or preterm pre-

labour rupture of membranes.

Risk factors

We included data on a range of known and available risk factors that typically occur prior to

20 weeks gestation, including sociodemographic, reproductive history, maternal conditions,

and pregnancy complications. Sociodemographic data included socio-economic status, geo-

graphic isolation, maternal age, marital status, maternal ethnicity and sex of the child. Socio-

economic status at the time of the birth was assessed using the Socio-Economic Index for

Areas (SEIFA) index of relative socio-economic disadvantage. The SEIFA index is calculated
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by the Australian Bureau of Statistics based on population census data relating to household-

er’s education, occupation, employment, income, housing and household composition [24].

The level of mother’s relative geographic isolation was assessed using the Accessibility/

Remoteness Index of Australia based on the mother’s usual residence at the time of the child’s

birth. The Level of Relative Isolation has five categories that range from none (Perth metropol-

itan area) through to extreme.

Maternal ethnicity was sourced from the MNS. Maternal self-report of ethnic origin has

been categorised by the attending midwife into the categories of Caucasian, Aboriginal and/or

Torres Strait Islander (Indigenous Australian), Asian (including Chinese, Japanese, Vietnam-

ese, Cambodian and other South-East Asian origins), Indian (Indian subcontinent), African,

Polynesian and Maori. The number of births to Polynesian women was very small and, accord-

ingly, the maternal ethnicity of these cases was recoded and included in the group ‘Other’

which includes ethnicities not covered by the above [25]. Maternal age, marital status, and sex

of the child were also sourced from the MNS.

Maternal reproductive history data sourced from the MNS included the number of previ-

ous pregnancies, stillbirth(s), preterm birth(s), and caesarean section(s). Maternal conditions

included essential hypertension, maternal asthma, genital herpes, smoking, pre-existing diabe-

tes mellitus, overweight/obesity, substance abuse, and mental health diagnosis. Data relating to

essential hypertension, maternal asthma, genital herpes, and smoking cigarettes during preg-

nancy were sourced from the MNS. Maternal overweight/obesity diagnosis (principal- or co-

diagnosis) prior to the birth of the child was derived from the HMDC records when any of the

following ICD diagnostic codes were recorded: ICD-10 E56 and E68.9, ICD-9 278, and ICD-8

277 and 278. Maternal substance abuse diagnosis (principal- or co-diagnosis) prior to the birth

of the child was derived from the HMDC and MHIS records when any of the following ICD

diagnostic codes were recorded: ICD-10 F10 to F19 and F55, ICD-9 291, 292, and 303 to 305,

or ICD-8 291, 294.3, 303 and 304. Maternal mental health diagnosis (principal- or co-diagno-

sis) prior to the birth of the child was derived from the HMDC and MHIS records when any of

the following ICD diagnostic codes were recorded: ICD-10 F00 to F09, F20 to F54, F56 to F99,

and X60 to X84, ICD-9 290, 293 to 302, 306 to 319, and E950 to E959, or ICD-8 290, 292 to

294.29, 294.4 to 302, 305 to 319, and E950 to E958. ICD diagnostic codes were selected to be as

inclusive as possible but it should be noted that, as they relate to hospital admissions, they

likely reflect only the most serious cases of maternal overweight/obesity, maternal substance

abuse, and maternal mental health problems.

Pregnancy complications data sourced from the MNS included threatened abortions, uri-

nary tract infection, pre-eclampsia, antepartum haemorrhage (placenta praevia, placental

abruption, other), threatened preterm labour, fertility treatment, chorionic villus sampling/

placental biopsy, amniocentesis, and year of birth. MNS data regarding gestational age and

birthweight were used to calculate a measure of growth restriction: growth/weight for gesta-

tional age using Australian weight for gestational age norms [26].

Terminations of pregnancy

Information on pregnancy terminations at 20 weeks or more gestation was obtained from the

WARDA and the cause of death text field on the Death Registration record. In Western Aus-

tralia, all termination procedures are notifiable under the Health Act 1911. While no upper

gestational age limit is specified in the legislation, the vast majority of terminations are con-

ducted prior to 20 weeks [27]. Late terminations (� 20 weeks) require approval by a panel of

medical practitioners and are restricted to cases where there is a serious medical condition

affecting the mother or fetus.[28] Terminations at this gestation are generally referred to as

Extreme preterm birth
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‘late’ terminations and are managed and conducted in a structured manner in accordance with

legislation [27].

Birth defects

The WARDA was used to identify children with birth defects, and codes cases according to the

British Paediatric Association extension of the International Classification of Diseases Version

9. All cases with a birth defect diagnosis code(s) were classified as having a birth defect for the

purposes of this study. A full list of birth defects diagnosis codes is available on the WARDA

website [29].

Statistical analysis

Trends over time in the extreme preterm birth rate were analysed using linear regression, with

year of birth specified as a (continuous) classification variable and the t-statistic used to assess

statistical significance (for ease of comparison, standardised regression coefficients (βs) are

reported along with absolute changes in rates (based on unstandardised regression coeffi-

cients) where significant changes are observed). The assumptions for linear regression were

assessed by visual inspection of scatterplots for linearity and by using normal probability plots

of the standardised residuals along with scatterplots of the standardised predicted value versus

the standardised residuals.

Univariable and multivariable logistic regression was used to assess the relative risk of spon-

taneous, preterm pre-labour rupture of membranes and medically indicated extreme preterm

birth associated with each risk factor in comparison with spontaneous term birth (risk ratios

reported) after excluding medical terminations and cases with birth defects (spontaneous term

births were used as the comparison group because they represent the preferred outcome). Risk

factors that had a significant risk ratio at the univariable level were included in the relevant

multivariable model, with the exception of birth year group, which was included in all models

to control for changes in the effects of risk factors over time. Adjusted estimates of relative risk

were derived using a modified Poisson regression model (Generalized Linear Model) with a

robust error variance [30]. For each risk factor that had a significant risk ratio at the multivari-

able level, population attributable risks (PARs) were derived using the adjusted risk ratio. We

report PARs with 95% confidence intervals (95% CI) which were calculated using the method

described by Hildebrandt et al. [31]. All analyses were conducted using SPSS v23 and SAS v9.4

(SAS Institute Inc., Cary, NC, USA, 2016). The alpha level was set at .05 for all analyses.

Results

Extreme preterm birth rate 1986–2010

For the 1986–2010 period there were 638,463 singleton births (327,369 male, 311,056 female,

38 undetermined) including 4,202 extreme preterm (20–27 weeks gestation) births (6.6

extreme preterm births per 1,000 births). After excluding medical terminations, there were

637,696 singleton births (326,975 male, 310,691 female, 30 undetermined) including 3,493

extreme preterm births (5.5 extreme preterm births per 1,000 births). After excluding medical

terminations and cases with birth defects (minor and major), for the 1986–2010 period there

were 603,351 singleton births (306,994 male, 296,337 female, 20 undetermined) including

2,997 extreme preterm births (5.0 extreme preterm births per 1,000 births). As can be seen in

Fig 1, the extreme preterm birth rate including medical terminations and birth defects signifi-

cantly increased over time (β = 0.84, p< .001; an increase of 0.10 per 1,000 births per year),

the extreme preterm birth rate excluding medical terminations demonstrated a non-
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significantly increase over time (β = 0.39, p = .06), and the extreme preterm birth rate exclud-

ing medical terminations and birth defects did not change over time (β = 0.08, p = .72).

The incidence of spontaneous, preterm pre-labour rupture of membranes and medically

indicated extreme preterm births including medical terminations and birth defects are dis-

played in Fig 2. The rate of medically indicated MI extreme preterm births significantly

increased over time (β = 0.94, p< .001; an increase of 0.10 per 1,000 births per year) whereas

the rate of spontaneous extreme preterm births (β = 0.20, p = .34) and preterm pre-labour

Fig 1. Extreme preterm birth rate including and excluding medical terminations and birth defects.

https://doi.org/10.1371/journal.pone.0214445.g001

Fig 2. Prevalence of extreme preterm births by birth type including medical terminations and birth defects.

https://doi.org/10.1371/journal.pone.0214445.g002
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rupture of membranes extreme preterm births (β = -0.23, p = .26) did not significantly change

over time.

Fig 3 displays the incidence of spontaneous, preterm pre-labour rupture of membranes and

medically indicated extreme preterm births after medical terminations and birth defects are

excluded. The rate of medically indicated extreme preterm births significantly increased over

time (β = 0.63, p = .001; an increase of 0.02 per 1,000 births per year). Thus, the majority of the

increase (around 80%) in the rate of medically indicated extremely preterm births is explained

by medical terminations and birth defects (for a breakdown of the change in the rate of risk

factors over time see S1 Table). In contrast, the rate of preterm pre-labour rupture of mem-

branes extreme preterm births fluctuates over the study period but demonstrated a significant

reduction between 1986 and 2010 (β = -0.41, p = .04; a decrease of 0.02 per 1,000 births per

year; see Fig 3). The rate of spontaneous extreme preterm births did not significantly change

over time (β = -0.04, p = .87).

Risk factor analysis 1998–2010

Data on the full range of risk factors was available for 1998–2010 (3.7% of cases had missing

data on one or more variables). For this period, excluding medical terminations and cases with

birth defects, complete sets of data were available for 629 cases of spontaneous extreme pre-

term birth, 496 cases of extreme preterm birth with preterm pre-labour rupture of membranes,

and 430 cases of medically indicated extreme preterm birth. Risks are compared to those for

spontaneous term births (N = 150,584). Descriptive statistics (% of births) and the results of

univariate logistic regression analyses are shown in Table 1.

Fig 3. Prevalence of extreme preterm births by birth type excluding medical terminations and birth defects.

https://doi.org/10.1371/journal.pone.0214445.g003

Extreme preterm birth

PLOS ONE | https://doi.org/10.1371/journal.pone.0214445 March 26, 2019 7 / 16

https://doi.org/10.1371/journal.pone.0214445.g003
https://doi.org/10.1371/journal.pone.0214445


Table 1. Univariate analysis of risk factors for extreme preterm birth excluding medical terminations and birth defects 1998–2010.

Spontaneous term

Births

(N = 150,584)

Spontaneous extreme preterm

(N = 629)

Preterm pre-labour rupture of

membranes extreme preterm

(N = 496)

Medically indicated extreme

preterm

(N = 430)

% of births % of births Unadjusted

Risk

Ratioa

(95% CI)

% of births Unadjusted

Risk

Ratioa

(95% CI)

% of births Unadjusted

Risk

Ratioa

(95% CI)

Time period

2007–2010

2003–2006

1998–2002

34.8

28.7

36.5

35.3

30.5

34.2

1.08 (0.90–1.31)

1.13 (0.93–1.38)

Ref

33.1

29.0

37.9

0.92 (0.74–1.13)

0.97 (0.78–1.21)

Ref

39.5

31.2

29.3

1.42� (0.12–1.78)

1.35� (1.06–1.72)

Ref

Sociodemographic

SES (SEIFA disadvantage—quintiles)

1

2

3

4

5

20.1

23.3

21.1

18.8

16.7

25.8

23.5

21.3

15.7

13.7

1.56† (1.20–2.02)

1.23 (0.94–1.60)

1.23 (0.94–1.61)

1.02 (0.77–1.36)

Ref

25.6

20.6

21.8

16.7

15.3

1.38� (0.04–1.84)

0.96 (0.71–1.29)

1.12 (0.84–1.50)

0.97 (0.71–1.32)

Ref

20.9

23.0

20.5

19.8

15.8

1.10 (0.80–1.50)

1.04 (0.76–1.42)

1.02 (0.74–1.40)

1.11 (0.81–1.53)

Ref

Level of relative isolation (ARIA)

Extreme

High

Moderate

Low

None

8.3

3.8

10.9

33.6

43.5

14.0

3.0

8.9

33.5

40.5

1.80† (1.42–2.30)

0.86 (0.54–1.37)

0.88 (0.66–1.17)

1.07 (0.89–1.29)

Ref

10.7

3.8

8.7

34.5

42.3

1.32 (0.98–1.78)

1.05 (0.66–1.67)

0.82 (0.59–1.14)

1.05 (0.86–1.29)

Ref

6.7

4.9

10.0

30.7

47.7

0.74 (0.50–1.09)

1.18 (0.76–1.85)

0.84 (0.61–1.17)

0.83 (0.67–1.04)

Ref

Maternal age

< 20

20–24

30–34

35–39

40+

25–29

6.8

18.9

29.1

13.1

2.1

30.0

14.5

20.0

23.4

15.9

2.5

23.7

2.68† (2.07–3.48)

1.34� (1.06–1.70)

1.02 (0.81–1.27)

1.53† (1.19–1.97)

1.51 (0.90–2.53)

Ref

6.9

16.7

28.4

18.1

5.2

24.6

1.23 (0.84–1.80)

1.08 (0.82–1.43)

1.19 (0.93–1.51)

1.68† (1.28–2.20)

2.99† (1.96–4.56)

Ref

7.7

15.8

30.0

16.7

5.8

24.0

1.41 (0.96–2.09)

1.05 (0.77–1.42)

1.29 (0.99–1.67)

1.60� (1.18–2.16)

3.41† (2.20–5.26)

Ref

Marital status

No

Married (including de facto)

11.2

88.8

20.3

79.7

2.02† (1.67–2.45)

Ref

16.9

83.1

1.62† (1.28–2.04)

Ref

17.9

82.1

1.73† (1.35–2.21)

Ref

Maternal ethnicity

Indigenous

Asian

Indian

African

Maori

‘Other’

Caucasian

7.4

6.9

1.1

1.1

1.1

3.6

78.8

20.0

4.5

1.6

1.6

0.6

5.9

65.8

3.20† (2.62–3.90)

0.78 (0.53–1.14)

1.66 (0.89–3.10)

1.70 (0.91–3.19)

0.71 (0.27–1.90)

1.98† (1.41–2.76)

Ref

17.5

4.6

1.0

2.0

1.8

4.4

68.5

2.70† (2.13–3.41)

0.78 (0.51–1.19)

1.01 (0.42–2.44)

2.07� (1.11–3.88)

1.94� (1.00–3.75)

1.43 (0.93–2.20)

Ref

12.8

4.4

0.7

2.6

1.2

4.2

74.2

1.82† (1.37–2.42)

0.68 (0.43–1.09)

0.65 (0.21–2.02)

2.43� (1.33–4.42)

1.15 (0.48–2.78)

1.25 (0.78–2.01)

Ref

Child sex—male 50.6 56.3 1.26� (1.07–1.47) 53.6 1.13 (0.95–1.35) 48.1 0.91 (0.75–1.09)

Reproductive history

Previous stillbirth 1.0 7.5 7.83† (5.84–10.49) 5.6 5.87† (4.02–8.56) 7.0 7.34† (5.08–10.60)

Previous preterm birth (<37 wks) 4.6 20.0 5.21† (4.30–6.32) 22.0 5.88† (4.76–7.26) 17.7 4.45† (3.48–5.69)

Previous caesarean section 4.9 12.9 2.87† (2.27–3.62) 14.9 3.40† (2.66–4.35) 18.4 4.36† (3.42–5.56)

Number of previous pregnancies

None

1

2

3

4 or more

31.0

30.9

18.2

9.6

10.3

30.0

24.2

18.0

11.6

16.2

0.62† (0.49–0.79)

0.50† (0.39–0.64)

0.63† (0.48–0.82)

0.77 (0.57–1.04)

Ref

23.6

24.2

17.3

12.9

22.0

0.36† (0.28–0.47)

0.37† (0.29–0.48)

0.45† (0.34–0.60)

0.63� (0.47–0.86)

Ref

30.2

22.3

17.0

11.9

18.6

0.54† (0.41–0.72)

0.40† (0.30–0.54)

0.52† (0.38–0.71)

0.69� (0.49–0.98)

Ref

Maternal conditions

Essential hypertension 0.5 0.6 1.32 (0.49–3.52) 1.2 2.52� (1.13–5.61) 5.6 11.84† (7.90–17.76)

Maternal asthma 9.5 11.4 1.23 (0.97–1.58) 11.9 1.29 (0.98–1.69) 11.2 1.20 (0.89–1.62)

Genital herpes 1.6 0.2 0.10� (0.01–0.71) 0.8 0.51 (0.19–1.37) 1.9 1.19 (0.59–2.40)

Smoking 19.6 28.8 1.66† (1.40–1.97) 25.6 1.41† (1.16–1.73) 24.9 1.36� (1.09–1.69)

(Continued)
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Risk factors that were significant across all three extreme preterm birth labour onset groups

at the univariate level were: previous stillbirth, previous preterm birth, previous caesarean sec-

tion, increased maternal age, being unmarried, Indigenous maternal ethnicity, maternal smok-

ing during pregnancy, pre-existing diabetes mellitus, maternal overweight/obesity, maternal

substance abuse, maternal mental health diagnosis, threatened abortion, antepartum haemor-

rhage (APH)–placenta praevia, APH–placental abruption, APH–other, threatened preterm

labour, fertility treatment, and amniocentesis. Whereas having fewer than 4 previous pregnan-

cies was a significant protective factor, at the univariate level, against spontaneous, preterm

pre-labour rupture of membranes and medically indicated extreme preterm birth.

Most other risk factors were only associated with one or two of the extreme preterm birth

labour onset groups at the univariate level. Essential hypertension was a significant risk factor,

at the univariate level, for preterm pre-labour rupture of membranes and medically indicated

extreme preterm birth. Being in the most disadvantage SES quintile was a significant risk fac-

tor for spontaneous and preterm pre-labour rupture of membranes extreme preterm birth as

was having a urinary tract infection. African maternal ethnicity was a significant risk factor for

preterm pre-labour rupture of membranes and medically indicated extreme preterm birth.

Being small or large for gestational age had significant impact, at the univariate level, on the

Table 1. (Continued)

Spontaneous term

Births

(N = 150,584)

Spontaneous extreme preterm

(N = 629)

Preterm pre-labour rupture of

membranes extreme preterm

(N = 496)

Medically indicated extreme

preterm

(N = 430)

% of births % of births Unadjusted

Risk

Ratioa

(95% CI)

% of births Unadjusted

Risk

Ratioa

(95% CI)

% of births Unadjusted

Risk

Ratioa

(95% CI)

Pre-existing diabetes mellitus 0.1 1.3 8.49† (4.28–16.85) 1.8 12.12† (6.35–23.14) 2.1 14.01† (7.33–26.78)

Overweight/Obesity diagnosis 0.8 2.1 2.52† (1.46–4.36) 3.2 3.97† (2.42–6.51) 4.9 6.09† (3.94–9.41)

Substance Abuse diagnosis 4.0 8.6 2.24† (1.70–2.96) 10.1 2.68† (2.00–3.58) 7.4 1.92† (1.34–2.76)

Mental Health diagnosis 10.7 20.2 2.10† (1.73–2.55) 20.4 2.13† (1.71–2.64) 19.8 2.05† (1.62–2.60)

Pregnancy complications

Threatened abortion (<20 wks) 3.8 11.3 3.22† (2.52–4.12) 16.1 4.86† (3.83–6.16) 6.5 1.77� (1.21–2.60)

Urinary tract infection 3.5 6.7 1.97† (1.44–2.69) 5.6 1.65� (1.13–2.41) 1.9 0.52 (0.26–1.05)

Pre-eclampsia 1.3 1.1 0.88 (0.42–1.86) 0.2 0.16 (0.02–1.13) 26.5 26.78† (21.72–33.03)

APH–placenta praevia 0.2 2.5 10.39† (6.39–16.89) 2.8 11.61† (6.89–19.56) 3.7 15.36† (9.42–25.05)

APH–placental abruption 0.2 12.6 57.62† (46.57–71.30) 7.3 35.43† (25.68–48.87) 8.6 42.47† (30.86–58.46)

APH–other 2.0 25.6 16.14† (13.54–19.24) 26.2 16.82† (13.81–20.48) 6.7 3.54† (2.43–5.15)

Threatened preterm labour (<37 wks) 1.4 33.9 32.72† (27.88–38.39) 18.8 15.55† (12.46–19.40) 3.7 2.70† (1.64–4.44)

Fertility treatment 1.5 6.0 4.31† (3.11–5.96) 9.3 6.82† (5.05–9.21) 3.3 2.28� (1.34–3.87)

CVS/placental biopsy 0.3 0.6 2.46 (0.93–6.57) 0.6 2.35 (0.76–7.28) 0.2 0.90 (0.13–6.42)

Amniocentesis 1.8 4.0 2.21† (1.49–3.30) 7.9 4.54† (3.28–6.28) 13.7 8.39† (6.39–11.01)

Fetal growth

Very small for gestation (<3%)

Small for gestation (�3% <10%)

Large for gestation (>90%�97%)

Very large for gestation (>97%)

10–90%

2.6

7.0

6.0

2.4

82.0

4.1

4.3

7.5

3.7

80.4

1.59� (1.07–2.36)

0.62� (0.42–0.92)

1.27 (0.95–1.72)

1.55� (1.02–2.35)

Ref

2.8

4.8

6.9

1.4

84.1

1.04 (0.61–1.77)

0.67 (0.45–1.01)

1.12 (0.79–1.59)

0.57 (0.27–1.21)

Ref

28.1

16.5

1.4

0.9

53.0

16.02† (12.88–19.92)

3.61† (2.77–4.71)

0.36� (0.16–0.81)

0.60 (0.22–1.61)

Ref

�p< .05
†p< .001, Ref = reference category
a Compared to spontaneous term births (N = 150,584)

https://doi.org/10.1371/journal.pone.0214445.t001
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risk of spontaneous and medically indicated extreme preterm birth (see Table 1). Other signifi-

cant risk factors for spontaneous extreme preterm birth were living in areas of extreme isola-

tion, maternal age under 24 years, ‘other’ maternal ethnicity, and the child being male.

Whereas genital herpes was a significant protective factor against spontaneous extreme pre-

term birth. At the univariate level, being born later in the study period was a significant risk

factor for medically indicated extreme preterm birth as was pre-eclampsia.

Each multivariable model included risk factors that achieved statistical significance in uni-

variable analysis (see Table 2). At the multivariable level, previous caesarean section, being

unmarried, threatened abortion, APH–placenta praevia, APH–placental abruption, APH–other,

and amniocentesis were significant risk factors across all three extreme preterm birth labour

onset groups. Maternal smoking during pregnancy and maternal substance abuse were not sig-

nificant predictors of spontaneous, preterm pre-labour rupture of membranes and medically

indicated extreme preterm birth in multivariable models. Indigenous, African and ‘other’ mater-

nal ethnicity were significant risk factors for spontaneous and preterm pre-labour rupture of

membranes extreme preterm birth. Threatened preterm labour was also a significant risk factor

for spontaneous and preterm pre-labour rupture of membranes extreme preterm birth as was

fertility treatment. Maternal overweight/obesity was a significant risk factor for preterm pre-

labour rupture of membranes and medically indicated extreme preterm birth. Maternal mental

health diagnosis was a significant risk factor for spontaneous and medically indicated extreme

preterm birth. Other significant risk factors for spontaneous extreme preterm birth were having

no previous pregnancies, child being male, and large or very large for gestational age. Whereas

living in high or moderate areas of relative isolation, genital herpes, and being small for gesta-

tional age were significantly protective against spontaneous extreme preterm birth.

The other significant risk factor for preterm pre-labour rupture of membranes extreme pre-

term birth was maternal age of 40 years or more. Other significant risk factors for medically

indicated extreme preterm birth were essential hypertension, pre-eclampsia, being small or

very small for gestational age, and being born later in the study period. In contrast, having 1

previous pregnancy was significantly protective against medically indicated extreme preterm

birth as was being large for gestational age.

There were differences in the factors with the highest PAR values for each labour onset

type. The categories of fetal growth restriction collectively accounted for the highest propor-

tion of the PAR for medically indicated extreme preterm births: 22.6% (95% CI: 18.2–26.9%)

for growth restriction categorised as very small for gestation, and 12.2% (95% CI: 8.4–16.0%)

for small for gestation. A notable PAR was also recorded for pre-eclampsia (15.4%; 95% CI:

11.1–19.6%) with respect to medically indicated extreme preterm births. APH–other (17.7%;

95% CI: 13.7–21.6%) was the only factor with a PAR of over 10% for preterm pre-labour rup-

ture of membranes extreme preterm births. Threatened preterm labour (15.9%; 95% CI: 12.1–

19.6%), APH–other (15.1%; 95% CI: 11.6–18.6%), primigravida (13.9%; 95% CI: 8.7–19.1%),

and the child being male (10.8%; 95% CI: 3.0–18.7%) accounted for the largest proportion of

the PAR for spontaneous extreme preterm birth.

Discussion

Main findings and interpretation

The current study sought to use linked Western Australian administrative data to examine the

antecedent risks to extreme preterm births, with consideration of labour onset categories and

the use of PARs. Overall, factors associated with placental dysfunction (fetal growth restriction,

pre-eclampsia, and antepartum haemorrhage) represent the most prominent risks to extreme

preterm birth, although individual risks associated with reproductive history, maternal

Extreme preterm birth
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Table 2. Multivariate analysis of risk factors for extreme preterm birth excluding medical terminations and birth defects 1998–2010.

Spontaneous extreme preterm

(N = 629)

Preterm pre-labour rupture of

membranes extreme preterm

(N = 496)

Medically indicated extreme preterm

(N = 430)

Adjusted

Risk

Ratioa (95% CI)

PAR

% (95% CI)

Adjusted

Risk

Ratioa (95% CI)

PAR

% (95% CI)

Adjusted

Risk

Ratioa (95% CI)

PAR

% (95% CI)

Time period

2007–2010

2003–2006

1998–2002

1.11 (0.90–1.35)

1.15 (0.93–1.42)

Ref

0.90 (0.72–1.13)

0.96 (0.77–1.21)

Ref

1.74† (1.36–2.22)

1.41� (1.08–1.83)

Ref

20.5 (13.4, 27.5)

10.5 (4.4, 16.7)

Sociodemographic

SES disadvantage (quintiles)

1

2

3

4

5

0.99 (0.72–1.35)

1.04 (0.78–1.39)

1.07 (0.77–1.49)

0.92 (0.67–1.26)

Ref

0.98 (0.71–1.35)

0.91 (0.67–1.24)

1.07 (0.79–1.44)

0.91 (0.66–1.26)

Ref

Level of relative isolation (ARIA)

Extreme

High

Moderate

Low

None

1.01 (0.74–1.40)

0.57� (0.35–0.94)

0.69� (0.49–0.97)

1.05 (0.83–1.32)

Ref

-1.6 (-3.0, -0.2)

-3.5 (-6.0, -1.0)

Maternal age

< 20

20–24

30–34

35–39

40+

25–29

1.36 (0.97–1.91)

1.06 (0.82–1.36)

1.01 (0.80–1.28)

1.31 (0.99–1.74)

1.29 (0.76–2.20)

Ref

1.04 (0.68–1.58)

0.94 (0.71–1.26)

1.20 (0.94–1.55)

1.35� (1.01–1.79)

1.89� (1.20–2.99)

Ref

4.4 (0.5, 8.3)

1.9 (-0.1, 3.9)

1.22 (0.79–1.87)

0.94 (0.68–1.30)

1.11 (0.83–1.48)

1.20 (0.87–1.66)

1.37 (0.83–2.26)

Ref

Marital status

No

Married (including de facto)

1.46† (1.16–1.84)

Ref

4.9 (1.4, 8.4) 1.48� (1.13–1.94)

Ref

5.1 (1.4, 8.8) 1.62† (1.23–2.13)

Ref

6.5 (2.4, 10.6)

Maternal ethnicity

Indigenous

Asian

Indian

African

Maori

‘Other’

Caucasian

2.33† (1.77–3.06)

1.02 (0.70–1.49)

1.57 (0.76–3.24)

2.19� (1.18–4.08)

0.62 (0.22–1.76)

1.70� (1.16–2.48)

Ref

9.1 (5.7, 12.4)

1.3 (0.3, 2.3)

2.4 (0.5, 4.3)

2.43† (1.82–3.25)

0.86 (0.55–1.34)

1.26 (0.51–3.10)

3.00† (1.60–5.63)

1.42 (0.65–3.09)

1.65� (1.07–2.54)

Ref

9.7 (6.0, 13.3)

2.2 (0.9, 3.4)

2.3 (0.4, 4.1)

0.96 (0.66–1.39)

0.74 (0.46–1.17)

0.59 (0.19–1.80)

1.76 (0.96–3.23)

1.07 (0.46–2.48)

1.22 (0.76–1.95)

Ref

Child sex—male 1.24� (1.06–1.46) 10.8 (3.0, 18.7)

Reproductive history

Previous stillbirth 2.39† (1.54–3.71) 1.4 (-0.7, 3.5) 1.46 (0.91–2.37) 2.47† (1.52–4.00) 1.5 (-1.0, 3.9)

Previous preterm birth (<37 weeks) 1.99† (1.51–2.63) 4.4 (1.1, 7.7) 2.64† (1.98–3.51) 7.0 (3.2, 10.9) 1.44 (0.99–2.10)

Previous caesarean section 1.82† (1.38–2.40) 3.8 (1.1, 6.6) 1.88† (1.41–2.51) 4.1 (0.8, 7.4) 2.70† (1.99–3.66) 7.7 (3.9, 11.5)

Number of previous pregnancies

None

1

2

3

4 or more

1.52� (1.10–2.09)

1.07 (0.79–1.46)

1.09 (0.79–1.49)

1.08 (0.78–1.49)

Ref

13.9 (8.7, 19.1) 0.91 (0.65–1.27)

0.87 (0.64–1.18)

0.90 (0.66–1.22)

1.00 (0.72–1.39)

Ref

0.81 (0.56–1.18)

0.62� (0.44–0.88)

0.78 (0.55–1.10)

0.82 (0.57–1.20)

Ref

-13.3 (-19.0, -7.6)

Maternal conditions

Essential hypertension 1.13 (0.48–2.63) 2.99† (1.88–4.77) 1.0 (-1.2, 3.2)

Genital herpes 0.11� (0.02–0.73) -1.4 (-1.7, -1.1)

Smoking 1.18 (0.95–1.45) 0.91 (0.72–1.16) 0.77 (0.57–1.04)

Pre-existing diabetes mellitus 2.31 (0.95–5.62) 5.06† (2.43–10.55) 0.6 (-0.6, 1.8) 5.61† (2.95–10.66) 0.7 (-0.6, 2.0)

(Continued)
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conditions, pregnancy complications and socio-demographic circumstances also form an

important part of the risk profile. This is consistent with the findings of previous research into

the risk factors for preterm birth more broadly [8]. Together these findings underscore the

role of pregnancy conditions related to placental dysfunction in the aetiology of extreme pre-

term birth. It is also important to note that previous research has found that placental dysfunc-

tion has a high recurrence risk [32] and that this may even extend across generations [33].

Thus, research that furthers our understanding of the complex mechanisms and pathways to

placental dysfunction is a major key to inform interventions aimed at decreasing the incidence

of preterm birth and associated mortality and morbidity [34].

Consistent with the findings of previous preterm birth research [13–15], we also revealed

nuances in the antecedent risk profiles by labour onset type. For example, factors associated

with placental dysfunction typically had PARs of over 10%, although there was variation in the

effect of individual factors across labour onset types: antepartum haemorrhage accounted for

21% of the PAR for spontaneous, 21% of the PAR for preterm pre-labour rupture of mem-

branes and 9% of the PAR for medically indicated extreme preterm births, whereas fetal

growth restriction and pre-eclampsia accounted for 50% of the PAR for medically indicated

extreme preterm births. Previous research has identified pre-eclampsia as one of the major

pathologies responsible for iatrogenic delivery in developed countries [9]. In addition, the

child being male and first pregnancies were at an elevated risk of a spontaneous extreme pre-

term birth, but not preterm pre-labour rupture of membranes or medically indicated. These

Table 2. (Continued)

Spontaneous extreme preterm

(N = 629)

Preterm pre-labour rupture of

membranes extreme preterm

(N = 496)

Medically indicated extreme preterm

(N = 430)

Adjusted

Risk

Ratioa (95% CI)

PAR

% (95% CI)

Adjusted

Risk

Ratioa (95% CI)

PAR

% (95% CI)

Adjusted

Risk

Ratioa (95% CI)

PAR

% (95% CI)

Overweight/Obesity diagnosis 1.32 (0.74–2.37) 2.10� (1.20–3.66) 0.9 (-0.7, 2.5) 2.57† (1.60–4.13) 1.3 (-0.8, 3.4)

Substance Abuse diagnosis 1.09 (0.79–1.52) 1.14 (0.80–1.64) 0.82 (0.52–1.31)

Mental Health diagnosis 1.37� (1.09–1.71) 3.8 (0.3, 7.3) 1.23 (0.95–1.60) 1.34� (1.02–1.76) 3.5 (0.7, 7.7)

Pregnancy complications

Threatened abortion (< 20 weeks) 2.30† (1.75–3.04) 4.7 (2.2, 7.3) 3.18† (2.45–4.14) 7.7 (4.3, 11.0) 1.83� (1.22–2.75) 3.0 (0.6, 5.5)

Urinary tract infection 0.94 (0.67–1.31) 0.79 (0.50–1.24)

Pre-eclampsia 14.30† (10.84–18.87) 15.4 (11.1, 19.6)

APH–placenta praevia 3.77† (1.98–7.18) 0.7 (-0.5, 1.9) 3.07† (1.67–5.66) 0.5 (-0.9, 2.0) 7.45† (3.70–15.01) 1.6 (-0.2, 3.4)

APH–placental abruption 24.13† (17.27–33.70) 5.4 (2.8, 8.0) 16.37† (11.03–24.29) 3.3 (1.0, 5.6) 22.35† (13.46–37.12) 4.5 (1.9, 7.2)

APH–other 9.52† (7.71–11.74) 15.1 (11.6, 18.6) 11.38† (9.05–14.31) 17.7 (13.7, 21.6) 2.37� (1.36–4.14) 2.7 (0.3, 5.1)

Threatened preterm labour (<37 wks) 13.24† (10.60–16.54) 15.9 (12.1, 19.6) 6.40† (4.87–8.41) 7.3 (3.8, 10.8) 1.52 (0.88–2.60)

Fertility treatment 2.89† (2.02–4.13) 2.7 (0.8, 4.6) 4.36† (3.08–6.18) 4.7 (2.1, 7.3) 1.21 (0.66–2.24)

Amniocentesis 2.23† (1.49–3.33) 2.2 (0.7, 3.8) 2.84† (1.92–4.22) 3.3 (0.9, 5.7) 6.49† (4.63–9.11) 9.3 (6.0, 12.6)

Fetal growth

Very small for gestation (<3%)

Small for gestation (�3% <10%)

Large for gestation (>90%�97%)

Very large for gestation (>97%)

10–90%

1.23 (0.79–1.87)

0.43† (0.27–0.70)

1.58� (1.17–2.13)

1.82� (1.22–2.70)

Ref

-4.2 (-5.9, -2.5)

3.4 (1.2, 5.5)

1.9 (0.4, 3.4)

11.75† (8.97–15.39)

2.97† (2.22–3.97)

0.26† (0.12–0.57)

0.48 (0.17–1.29)

Ref

22.6 (18.2, 26.9)

12.2 (8.4, 16.0)

-4.6 (-5.8, -3.4)

�p< .05
†p< .001, Ref = reference category
a Compared to spontaneous term births (N = 150,584)

https://doi.org/10.1371/journal.pone.0214445.t002
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results underscore the importance of disaggregating the data by both gestational age and

labour onset type when addressing risks in preterm birth.

Results revealed a significant increase in the extreme preterm birth rate over time when

medical terminations and birth defects were included but no change when medical termina-

tions and birth defects were excluded. This is consistent with our earlier work which found

that changes in the medical termination rate, mainly related to improvements in the prenatal

diagnosis of structural fetal anomalies, had a significant impact on the extreme preterm still-

birth rate across this period [5].

After medical terminations and birth defects were excluded, the rate of medically indicated

extreme preterm births was found to significantly increase over time (however the majority of

the increase in the rate of medically indicated extremely preterm births is explained by medical

terminations and birth defects), whereas the rate of preterm pre-labour rupture of membranes

extreme preterm births demonstrated a significant reduction. The rate of spontaneous extreme

preterm births did not significantly change over time. Future research should investigate the

causes of the increase in medically indicated extreme preterm births and the decrease in pre-

term pre-labour rupture of membranes extreme preterm births with increased antenatal sur-

veillance and changing maternal risk profiles likely to play a role (see S1 Table).

Strengths and limitations

A major strength of the current study is the use of linked administrative data enabling popula-

tion-representative analysis that: (1) can account for medical terminations and birth defects in

the examination of trends in birth rates, and (2) supports the simultaneous inclusion of a

broad range of factors in examining antecedent risk profiles. However, the MNS excludes

information on births that occurred before 20 weeks gestation. Because this is the period when

the vast majority of medical terminations are performed [35, 36] one of the limitations of the

current study is that the observed trends in extreme preterm birth are likely to have been influ-

enced by medical terminations that occurred before 20 weeks gestation.

There are, typically, some data quality issues associated with the use of linked administra-

tive data–these extend to the quality of linkage processes, changes in the methods of collection

over time and between different sites, among others. Quality assessments consistently show

that information from our source datasets are of high quality, low levels of missing informa-

tion, and supported by best practice protocols that reduce missing links to negligible levels

[19–21]. Also, we did not have access to information on some established risks to preterm

birth, including some antenatal care events (and their timing) and pathological data that mea-

sures placental function and infection [34, 37, 38].

Conclusions

This study is the first to find that the increase in the extreme preterm birth rate observed in a

high-income jurisdiction is no longer evident after medical terminations and birth defects are

excluded. The findings underscore the role of pregnancy conditions related to placental dysfunc-

tion in the aetiology of extreme preterm birth. Identifying women at risk of placental dysfunc-

tion because of personal or family history and implementing effective interventions presents the

greatest opportunity to decrease the population-level impact of extreme preterm birth.
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