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ABSTRACT

Objective: We aimed to compare health outcomes and costs in standard public maternity care compared to private obstetric-led
maternity care.

Design: Observational study with linked administrative data.

Setting: Australian maternity care.

Population: 867334 births, covering all births in three states of Australia between 2016 and 2019.

Methods: Standard public care involved mainly fragmented midwifery, obstetric and General Practitioner provider care, with
birth in a public hospital. Private obstetric-led care was led by a personally selected obstetrician, with midwifery involvement and
birth in a private hospital. We analysed outcomes from pregnancy onset to 4 weeks post-birth. Matching was utilised to account
for demographic, socio-economic and clinical characteristics.

Main Outcome Measures: Stillbirths or neonatal deaths; neonatal intensive care admissions; APGAR score <7 at 5min; 3rd
or 4th degree perineal tears; maternal haemorrhages; mean cost per pregnancy episode.

Results: Higher adverse outcomes in standard public maternity care compared to private obstetric-led care, including 778 more
stillbirths or neonatal deaths (OR 2.0, 95% CI: 1.8-2.1), 2747 more APGAR score <7 at 5min (OR 2.0, 95% CI: 2.0-2.1), 3273 more
3rd or 4th degree perineal tears (OR 2.9, 95% CI: 2.7-3.1) and 10 627 additional maternal haemorrhages (OR 2.7, 95% CI: 2.6-2.8).
Mode of birth correlated with neonatal death. Mean cost to all funders in Australian dollars per pregnancy episode was $5929
higher in standard public maternity care.

Conclusion: We have shown significantly lower adverse health outcomes and costs in private obstetric-led care compared to
standard public maternity care.

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium,
provided the original work is properly cited.
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1 | Introduction

There has been a rapid rise in interrelated, interdependent vul-
nerabilities and inequitably driving adverse pregnancy outcomes
[1]. These include escalating obesity, which aligns with broader
societal trends, driven by eco-social factors and concentrated in
disadvantaged populations [1]. These factors adversely impact
maternal and neonatal outcomes, impacting families and in-
creasing health system and economic burden, highlighting the
need for adaptive, responsive value-based healthcare across the
domains of patient and provider experience, quality of care and
outcomes, efficiency and sustainability, considering vulnerabil-
ities and founded on the tenet of universal healthcare for all [2].

Flawed approaches to maternity care, such as the United
Kingdom Shrewsbury National Health Service (NHS) Trust,
East Kent NHS and Australian Mackay hospital service failures
[3-5], have delivered poor pregnancy outcomes, with indepen-
dent inquiries highlighting failure to investigate, learn and im-
prove. Improvements include the midwifery continuity model
of care, which compared to standard maternity care in public
healthcare settings [6], improve outcomes and cost-effectiveness,
yet scale-up remains challenging. There is otherwise a dearth
of exploration of broader models of care. In this context, opera-
tionalising existing administrative data can enable other models
of care across population, provider, continuity and setting to be
explored, with outcomes and costs identified. This is key to the
investigation, learning and improvement of maternity care [7].

Operationalising data in a health system that learns and im-
proves is especially relevant to complex maternity models of care
in Australia, which includes universal public healthcare supple-
mented by private care, with embedded mandatory maternity
data reporting. Leveraging our unique linked population-level
administrative datasets, here we aimed to (i) quantify differ-
ences in value-based care across health outcomes and costs be-
tween standard public maternity care and private obstetric-led
care in Australia, comparing cohorts matched for demographic,
socio-economic and clinical characteristics and (ii) explore re-
lationships between potential drivers and adverse outcomes.
Women giving birth in standard public maternity care (‘stan-
dard maternity care’), receive highly variable care across pro-
viders, settings and populations including clinical risks, with
mainly fragmented provider care involving midwives, obstetri-
cians and General Practitioners, and birth in a public hospital.
‘Private obstetric-led care’ is led by a personally selected, named
obstetrician, with midwifery involvement and birth in a private
hospital.

2 | Methods
2.1 | Study Design and Participants

This retrospective observational study was conducted in the
Australian healthcare system, which aims for equity of access
as a fundamental principle, delivered through a dual public and
private care system [8]. Of the ~300,000 births annually, around
75% are in standard care with births in public hospitals. In terms
of providers, antenatal, intrapartum and postnatal care is largely
fragmented including public hospital midwives, obstetricians,

general practitioners (‘Shared care’) and trainees. A less com-
mon provider model is midwifery group practice caseload an-
tenatal, intrapartum and postnatal care by a named public
hospital midwife in collaboration with public hospital doctors
[9, 10]. The private obstetric-led care model serves around 24%
of Australian births, with birth in private hospitals. Antenatal,
intrapartum and postnatal care is provided by a personally se-
lected obstetrician [10], with midwives variably involved in care.
Birth at home, births with private midwives in private hospi-
tals and births in private hospitals with public funding were
excluded. The funding of health services in Australia and rela-
tionship to providers is described in Appendix S1.

2.2 | Data Source

The analysis comparing outcomes used the unique
Maternity2000 linked dataset, linking routine administrative
data on births (covering the pregnancy, birth and post-partum)
occurring between January 2016 and December 2019, across
the three most populous states in Australia including 78% of
annual births nationally. Women giving birth and their babies
were identified from the Perinatal Data Collection, a mandatory
dataset of all births, which includes women's demographic and
clinical characteristics prior to and during pregnancy, birth and
post-partum. These data were linked to multiple inpatient, out-
patient and emergency department datasets across all private
and public hospitals for both the woman and neonate, from
onset of pregnancy to 4weeks post-partum.

The analysis comparing costs used the unique Maternity1000
dataset [11]. This linked data was for all births occurring be-
tween January 2016 and June 2018 in one Australian state with
21% of annual births nationally. Women giving birth and their
babies were identified from the Perinatal Data Collection, with
linkage to the same datasets as Maternity2000, again from
onset of pregnancy to 4weeks post-partum. These data were ad-
ditionally linked to the Medicare and Pharmaceutical Benefits
Scheme (PBS) claims records, covering all non-hospital services
and prescription pharmaceutical use.

2.3 | Birth Outcomes

Foetal and neonatal outcomes included: stillbirth; neonatal
death (death within 28 days of birth); admission to neonatal in-
tensive care unit (NICU); APGAR score <7 at 5min; APGAR
score <4 at 5min; birthweight in 5th centile or less; birth-
weight in 6th-10th centile; hypoxic-ischaemic encephalopathy
(ICD-10-AM code block: P91); birth trauma—including bra-
chial plexus injury, fractured clavicle or humerus or other long
bones, peripheral nervous system damage (ICD-10-AM code
block: P13.3, P13.4, P14); intrauterine hypoxia (ICD-10-AM
code block: P20); other perinatal morbidity—meconium aspi-
ration syndrome, congenital pneumonia or respiratory distress
syndrome (ICD-10-AM code block: P24.0, P22, P23). Maternal
birth outcomes included: perineal damage—3rd/4th degree tear;
haemorrhage in the woman (ICD-10-AM code block: 067, 072);
retained placenta (ICD-10-AM code block: O73); and rupture of
uterus (ICD-10-AM code block: O71). NICU admission was un-
available for one state.
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2.4 | Identification of Costs

All health service use covering pregnancy, birth and to 4 weeks
post-partum was identified from Maternityl000. Costs for inpa-
tient, outpatient and emergency department hospital use were
based upon the activity-based funding code assigned for hospital
funding purposes to each episode of care, and the correspond-
ing cost per episode reported in the National Hospital Cost Data
Collection for public episodes of care and the Private Hospital
Bureau Annual Reports for private episodes of care [12, 13].
Costs for Medicare services and prescription medications cov-
ered by the PBS were identified directly from the Medicare and
PBS claims records, which record the actual amount paid by
government and patients through out-of-pocket fees for every
service and pharmaceutical. Costs were summed and presented
by different funders: Public hospital funders (Federal and state
governments); Medicare (Federal government); PBS (Federal
government); Private health insurers; and Individuals through
out-of-pocket fees [11]. Costs were adjusted for inflation and
presented in 2021/22 Australian dollars (AUD) ($1=0.53 Great
British Pounds and 0.67 United States Dollars).

2.5 | Matching Populations

Matching was used to control for key baseline differences be-
tween the populations of women who gave birth in standard
maternity care and private obstetric-led care, in both datasets.
Matching aims to simulate randomisation by balancing ob-
served baseline covariates between groups in cohort studies
[14-17]. Matching was selected over propensity score matching
(PSM) and regression, as it is less sensitive to mis-specification
and extreme values compared to PSM [18] and unlike regression
analyses, it does not require assumptions about relationships
between confounders and outcomes. Hence, matching is the
preferred method when many confounders require adjustment
[19]. To demonstrate robustness, a sensitivity analysis was con-
ducted using logistic regression on the full dataset, adjusting for
the matching variables.

Matching using simple random sampling, without replacement
from women who gave birth in standard maternity care, was
conducted based on the number of women who gave birth in
private obstetric-led care in each stratum group of age, body
mass index (BMI), born in a non-English speaking country,
socio-economic status, rurality of residence, identification as
Aboriginal or Torres Strait Islander, smoking after 20 weeks'
gestation, parity, plurality, Assisted Reproductive Technology
(ART) use, and pre-existing diabetes, gestational diabetes, hy-
pertension or preeclampsia. ART and BMI were not available
for matching for one state, and smoking for another. Analysis
was conducted on the complete dataset, with those with missing
data (n =116) excluded. This produced two equal-sized samples
with the same distribution of characteristics in the stratum.

2.6 | Statistical Analysis
Descriptive statistics were completed for demographic and

clinical characteristics using the matched cohort from
Maternity2000.

Odds ratios of the likelihood of each outcome were calculated on
matched cohorts. Bootstrapping with 50 rematched datasets was
conducted, and the odds ratios produced with each dataset as-
sessed. This bootstrapping generated 50 samples with different
matched pairings, ensuring that the findings are not spurious
and do not arise from a single matched sample.

Multiple sub-group analyses were run with the data limited to
(1) an intention to treat population, where births at > 28 weeks,
with women who gave birth in a public hospital with no private
obstetric consultations, were compared to women who initi-
ated care with a private obstetrician prior to 20 weeks' gestation
(any women who were transferred to care in the public system
were still classified as being in the private obstetric-led model of
care); and (2) a very low-risk population including only women
between 21 and 35years, healthy BMI (18.50-24.99 kg/m?), non-
smoker after 20weeks' gestation, singleton pregnancy, no ART
use, and no pre-existing diabetes, gestational diabetes, hyper-
tension or preeclampsia, stratified by nulliparous and multipa-
rous women. The matching was then reconducted and results
generated. Further sensitivity analysis stratified outcomes by
(1) nulliparous women; (2) multiparous women; (3) nulliparous
women giving birth at >37weeks' gestation; (4) multiparous
women giving birth at >37weeks' gestation; (5) infants born at
different gestational ages; and (6) infants born at different gesta-
tional ages with and without congenital abnormalities. Results
were also stratified by area-based socio-economic quintile. The
role of earlier birth and caesarean section delivery in mitigating
the relationship between private obstetric-led care and stillbirth
or neonatal death was explored in a stepped logistic regression
model, adding preterm birth and caesarean section to the model
iteratively.

Differences in mean cost between standard maternity care and
private obstetric-led care in the matched cohorts were analysed.
Bootstrapping with 50 rematched datasets was conducted, and
the means and difference in means between the two groups
produced with each dataset assessed. Three sub-group analy-
ses were run on the analysis of costs, to assess the difference in
(1) women who gave birth in a public hospital with no private
obstetric consultations compared to women who initiated care
with a private obstetrician prior to 20weeks' gestation and gave
birth in either a public or private hospital; (2) in a very low-risk
population (defined above); and (3) with NICU admissions ex-
cluded, given its high cost. Matching was then repeated. Results
were stratified by area-based socio-economic quintile.

Descriptive statistics of the number of stillbirths and neonatal
deaths that occurred in different birthweight centile groups,
gestational age groups, with congenital anomalies and with an
APGAR score of <4 at 5min. An analysis of the likelihood of
neonatal death was conducted with multivariable logistic re-
gression, using mode of birth, onset of labour, private obstetric-
led care, age group, BMI group, born in a non-English speaking
country, geographically based socio-economic status, rurality of
residence, identification as Aboriginal or Torres Strait Islander,
smoking after 20weeks' gestation, parity, plurality, ART use,
pre-existing diabetes or gestational diabetes, hypertension and
preeclampsia as covariates. This analysis was completed on the
full matched cohort, across both models of care. SAS 9.4 was
used for all analysis.
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3 | Results
3.1 | Outcomes Analysis

Overall, there were 661 455 births in standard maternity care and
202 236 births in private obstetric-led care in the 4-year study
period in the three States. In the full sample, before matching,
women giving birth in standard maternity care were younger,
had a higher BMI, were more likely to identify as Aboriginal
or Torres Strait Islander, be born in a non-English speaking
country, smoke after 20weeks' gestation and be of lower socio-
economic status (Table 1). Matching produced two equal co-
horts of 184146 women in standard and private obstetric-led
care, with similar demographic, socio-economic and clinical
characteristics (Table 1).

In standard maternity care, there were 778 more stillbirths or
neonatal deaths (0.9% versus 0.4%; OR 2.0 [95% CI: 1.8-2.1]),
2301 more babies admitted to NICU (3.5% vs. 1.3%; OR 2.9 [95%
CI: 2.7-3.0]), 2747 more babies with APGAR score <7 at 5min
(3.0% vs. 1.5%; OR 2.0 [95% CI: 2.0-2.1]) compared to private
obstetric-led care (Table 2). In standard maternity care, there
were also 3273 more women with 3rd or 4th degree perineal
tears (2.5% vs. 0.7%; OR 2.9 [95% CI: 2.7-3.1]), and 10627 more
with haemorrhage (9.6% vs. 3.8%; OR 2.7 [95% CI: 2.6-2.8]) com-
pared to private obstetric-led care. All clinical outcomes show
an effect favouring private obstetric-led care versus standard
maternity care (Table 2), with a binomial probability of this oc-
curring by chance of 0.0001 (1 in 8192). Mode of birth is pre-
sented in Table 2, showing lower caesarean sections (31.6% vs.
47.9%, OR 0.5 [95% CI: 0.5-0.5]) and vaginal birth with vacuum
(7.2% vs. 9.9%, OR 0.5 [95% CI: 0.5-0.5]), but higher induction
of labour (32.5% vs. 31.1%, OR 1.1 [95% CI: 1.1-1.1]) in standard
maternity care. Birth between 34 and 37weeks was lower in
standard maternity care (5% vs. 6.1%, OR 0.8 [95% CI: 0.8-0.8]);
as was birth between 37 and 39weeks (24.8% vs. 39.8%, OR 0.5
[95% CI: 0.5-0.5]).

Bootstrapping with 50 rematched samples yielded similar
results (Table 2). Sub-group analysis on intention to treat in
private obstetric-led care was completed in one state with
available data. Here, women who initiated private obstetric-
led care and then transferred to public care were classified
in the private obstetric-led model of care, and results were
similar to the primary analysis (Table 2). Further sub-group
analysis showed consistent findings across maternal risk and
parity, and for infants born over 28 weeks and at 37 weeks ges-
tation and above, without congenital abnormalities (Tables S1
and S2). Stratifying by socio-economic quintile, the odds of
poor neonatal and maternal outcomes remained consis-
tently higher in standard maternity care compared to private
obstetric-led care (Table S3). Sensitivity analysis using multi-
variable logistic regression instead of matching produced sim-
ilar findings (Table S4).

In a stepped logistic regression model of the odds ratio of still-
birth or neonatal death for standard maternity care compared to
private obstetric-led care, adding preterm birth and caesarean
section birth to the model did not meaningfully change the odds
ratio (Table S5).

3.2 | Cost Analysis

Overall, there were 110041 births in standard maternity care
and 38425 births in private obstetric-led care, in the one state
with linked available cost data (Table S6). Matching produced
two equal-size cohorts of 33857 women with similar character-
istics (Table S6).

Mean costs for each pregnancy, birth and post-partum episode
in AUD were $28645 (95% CI: $28 417-28 874) for standard ma-
ternity care and $22757 (95% CI: $22624-$22890) for private
obstetric-led care (Table 3). These total costs are the cost to all
funders of care. For standard maternity care, this total constitutes
$26 499 to public hospital funders, $111 to private health insurers,
$1564 to Medicare, $99 to Phamaceutical Benefits Scheme and
$472 in patient out-of-pocket fees (Table 3). For private obstetric-
led care, the total constitutes $1739 to public hospital funders,
$12921 to private health insurers, $3812 to Medicare, $135 to
the Pharmaceutical Benefits Scheme and $4285 in patient out-of-
pocket fees. Bootstrapped analysis demonstrated that mean costs
to all funders per pregnancy, birth and post-partum episode was
$5929 (95% CI: $5789-$6081) higher for standard maternity care
compared to private obstetric-led care (Table 3). Figure 1 shows
the difference in average cost to different funders, reflecting the
different funding pools for standard maternity care versus pri-
vate obstetric-led care. Based upon the annual number of births
in Australia (315507), if 25% of women currently accessing pri-
vate obstetric-led care were to move to standard maternity care,
net costs to government funders (public hospital funders and
Medicare) would be $1.77 billion higher per year.

In the sub-group where women who gave birth in a public hos-
pital with no private obstetric consultations were compared
to women who initiated care with a private obstetrician prior
to 20weeks' gestation, mean costs per birth remained com-
paratively higher for standard maternity care ($28391, 95%
CI: $20104-$31448 vs. $23432, 95% CI: $18628-$25479). In
the sub-group analysis limited to very low-risk women, mean
costs per birth remained comparatively higher for standard
maternity care for both nulliparous women and multiparous
women (Table S7). In sensitivity analysis excluding births with
a NICU admission, costs remained higher in standard mater-
nity care (Table S7). Costs also remained consistently higher
when stratified by socio-economic status for women in stan-
dard maternity care than private obstetric-led care (Table S8).

3.3 | Associations With Adverse Outcomes

In the overall matched cohort of 376986 births across three
states, factors associated with stillbirth or neonatal death are
identified in Table 4. Vulnerabilities including maternal BMI
category, age and maternal birth in a non-English speaking
country were associated with birth outcomes. Mode of birth
was associated with stillbirth or neonatal death, with cae-
sarean section having an adjusted odds ratio (aOR) of 0.3
(0.3-0.4) and induction having an aOR of 2.5 (2.2-2.8). Private
obstetric-led care had an aOR of 0.7 (0.7-0.8) for stillbirth or
neonatal death. Higher stillbirths and neonatal deaths in stan-
dard maternity care than in private obstetric-led care were
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TABLE1 | Demographic characteristics of women before and after matching, all women giving birth in three states, 2016-2019.

Pre-matching

Post-matching

Standard maternity
care (n=661455)

Private obstetric-led
care (n=202236)

Standard maternity
care (n=184146)

Private obstetric-led
care (n=184146)

N % N % N % N %
Age group
<20years 23692 3.6% 289 0.1% 225 0.1% 225 0.1%
21-35years 481464 73.0% 122018 59.8% 114741 62.3% 114741 62.3%
> 35years 154511 23.4% 81717 40.1% 69174 37.6% 69174 37.6%
Mean age (SD) 30.4(5.5) 33.6 (4.3) 32.3(5.2) 33.4(4.2)
BMI group?
Underweight 16417 4.6% 6489 5.4% 4835 4.8% 4835 4.8%
Healthy range 168666 46.8% 67867 56.8% 58233 57.5% 58233 57.5%
Overweight 90942 25.3% 27444 23.0% 23420 23.1% 23420 23.1%
Obese 84136 23.4% 17601 14.7% 14733 14.6% 14733 14.6%
Mean BMI (SD) 34.8(89.5) 26.6 (41.5) 30.2(70.3) 26.7 (41.9)
ATSI 36648 5.6% 1002 0.5% 807 0.4% 807 0.4%
Born in non-English 200723 30.4% 53534 26.2% 50361 27.4% 50361 27.4%
speaking country
Smoker 59784 9.1% 956 0.5% 717 0.4% 717 0.4%
Nulliparous 253231 38.4% 89423 43.8% 81487 44.3% 81487 44.3%
Singleton pregnancy 641123 97.2% 197552 96.8% 179369 97.4% 179369 97.4%
ART utilised?® 9683 2.7% 14810 12.4% 7194 7.1% 7194 7.1%
Socio-economic quintile (most to least disadvantaged)
1 146981 22.3% 14263 7% 13498 7.3% 13498 7.3%
2 146067 22.2% 22432 11% 20281 11.0% 20281 11.0%
3 146940 22.2% 40060 19.7% 37986 20.6% 37986 20.6%
4 127159 19.3% 51308 25.2% 47801 26.0% 47801 26.0%
5 88040 13.4% 74117 36.3% 63686 34.6% 63686 34.6%
Rurality of residence
Major city 464029 70.3% 173613 85.1% 158688 86.2% 158688 86.2%
Inner regional 123944 18.8% 18260 9.0% 15292 8.3% 15292 8.3%
Outer regional 52236 7.9% 7422 3.6% 6584 3.6% 6584 3.6%
Rural 7344 1.1% 953 0.5% 807 0.4% 807 0.4%
Diabetes 90033 13.7% 20337 10.0% 18370 10.0% 18370 10.0%
Hypertension 18417 2.8% 6371 3.1% 5272 2.9% 5272 2.9%
Preeclampsia® 7553 2.1% 2022 1.7% 1460 1.4% 1460 1.4%
Abbreviations: ART, Assisted Reproductive Technology; ATSI, Aboriginal or Torres Strait Islander; BMI, body mass index; SD, standard deviation.
“Not available for one state.
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TABLE 3 | Mean cost per birth to different funders, matched cohort of women giving birth in standard maternity care and private obstetric-led

care in one state, 2016-2018.

Matched results

Bootstrapped results®

Standard maternity
care (n=33857)

Private obstetric-led
care (n=33857)

Costs Mean (95% CI) Mean (95% CI) Difference (95% CI)
Total cost $28645 (28417 to 28 847) $22757 (22624 to 22890) $5929 (5789 to 6081)
Public hospitals funders $26499 (26273 t0 26 724) $1739 (1629 to 1849) $24867 (24724 to 25015)

Private health insurers $111 (99 to 122)
$1564 (1552 to 1576)
$99 (92 to 107)

$472 (463 to 481)

Medicare
Pharmaceutical Benefits Scheme

Patient out-of-pocket

$12921 (12862 to 12981) —$12827 (—12838 to —12816)

$3812 (3791 to 3832) —$2261 (-2268 to —2255)
$135 (128 to 143)

$4285 (4266 to 4304)

—$36 (—42 to —28)
—$3850 (—3856 to —3845)

Abbreviation: CI, confidence interval.

2Bootstrapping generated 50 samples with variations in matched pairings, ensuring that the findings are not spurious and do not arise from a single matched sample.

Mean cost per birth, public and private births

$35,000
$30,000
$25,000
$20,000
$15,000
$10,000
$5,000
$0
Standard Care
m Patient out of pocket $472
H PBS $99
m Medicare $1,564
M Private Health Insurers $111
B Public Hospitals Funders $26,499

W Patient out of pocket
m PBS

H Medicare
Private Obstetric
Led Care
$4,285 B Public Hospitals Funders

M Private Health Insurers

$135
$3,812
$12,921
$1,739

FIGURE1 | Mean cost per birth to different funders, matched cohort of women giving birth in standard maternity care and private obstetric-led

care in one state, 2016-2018. PBS, Pharmaceutical Benefits Scheme.

observed across all birthweight centiles and gestational age
groups, those with congenital anomalies and those with an
APGAR score of <4 at 5min (Table S9).

4 | Discussion
4.1 | Main Findings

We used population-level linked administrative data to compare
outcomes and costs between standard maternity care and pri-
vate obstetric-led care, matching for measurable demographic,
socio-economic and clinical differences. Additional neonatal
adverse outcomes in standard maternity care included 778 more
stillbirths or neonatal deaths, 2301 more NICU admissions and
2747 more APGAR scores <7 at 5min. Additional maternal ad-
verse outcomes in standard maternity care included 3273 more
women with 3rd or 4th degree tears and 10627 haemorrhages.
More induction of labour, fewer caesarean sections, fewer

births between 34 and 36weeks and fewer births between 37
and 39weeks occurred in standard maternity care. Standard
maternity care costs were almost $6000 per birth higher than
private obstetric-led care, with additional annual net costs of
$1.77billion to government if all women in private obstetric-led
care were to move to standard maternity care. An intention to
treat analysis for those who started in private obstetric-led care
showed consistent results, as did bootstrapping, multiple sensi-
tivity and sub-group analyses. On the overall matched cohort,
maternal vulnerabilities including higher BMI, mode of birth
across induction and caesarean section and standard maternity
care were associated with stillbirth and neonatal death.

4.2 | Strengths and Limitations
Limitations include a lack of clarity on specific drivers of the

observed differential outcomes, as current administrative data
does not provide insights on the complexity of models of care,
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TABLE 4 | Adjusted odds ratio of stillbirth or neonatal death in
matched cohorts of women giving birth in three states 2016-2019.

OR (95% CI)
Private obstetric-led care 0.7 (0.7-0.8)
Caesarean section birth 0.3(0.3-0.4)
Induction of labour 2.5(2.2-2.8)
Age group
Less than 20years 2.8 (1.4-5.7)
21-35years Reference
More than 35years 1.3(1.2-1.5)
BMI group
Underweight 1.6 (1.3-2.0)
Healthy range Reference
Overweight 1.1 (1.0-1.3)
Obese 2.1(1.9-2.4)
Mother identifies as Aboriginal or Torres 1.4 (0.6-2.9)
Strait Islander
Born in non-English speaking country 1.4 (1.2-1.6)
Smoked after 20 weeks' gestation 1.9 (1.1-3.2)
Nulliparous 1.1 (1.0-1.2)
Singleton pregnancy 0.1(0.1-0.1)
Assisted Reproductive Technology utilised 1.8 (1.5-2.1)
Socio-economic quintile 1.3(1.1-1.6)
1 (most disadvantaged) 1.0 (0.9-1.3)
2 1.2 (1.0-1.4)
3 1.0 (0.9-1.2)
4 1.1 (1.0-1.3)
5 (least disadvantaged) Reference
Rurality
Major city Reference
Inner regional 1.0 (0.8-1.2)
Outer regional 0.9 (0.7-1.2)
Rural and remote 1.0 (0.6-2.0)
Diabetes (pre-existing or gestational) 0.5(0.4-0.7)
Hypertension 0.3 (0.2-0.5)
Preeclampsia 1.1 (0.8-1.6)

Abbreviations: BMI, body mass index; CI, confidence interval; OR, adjusted
odds ratio.

local protocols for care delivery or the experience levels of staff
from trainees to consultants across providers and settings,
acknowledging high variability in standard maternity care.
Whilst the key strength of this study was the robust match-
ing to account for broad measurable differences, generating
two balanced groups for comparison, this did limit analysis to

the matched sample only. Importantly, despite well-balanced
populations on measurable factors, the inability to identify
individual socio-economic status (an area-based measure of
socio-economic status was available and utilised in the analy-
sis), health literacy, level of education, perinatal mental health
and other unmeasured social determinants of health, is likely to
play a role in the differences and warrants further research. For
example, interventions to reduce spontaneous preterm birth are
known to reduce preterm birth at maximum by 20% [7], there-
fore, further exploration of the factors influencing the observed
effect is warranted. A strength is the use of administrative data
to uniformly measure actual costs for births in the models of
care, including all funding sources, improving accurate capture
of reported costs [2].

4.3 | Interpretation

Our findings indicate the need for further research to identify
and mitigate driving factors and to optimise models of care and
outcomes with and for all women [20]. Indeed, service failures
from the United Kingdom and Australia are documented when
there is a failure to learn and improve, with calls for embedded,
iterative real-time research in maternity care [2, 4, 5]. The data
available for the current study spanned 2016-2019, emphasis-
ing the need for timely, independent, transparent and accessible
deidentified health data in a Clinical Quality Registry, allowing
for adjustment, matching and advanced analytics, and shown to
underpin improved models of care and outcomes [21]. However,
accessible data alone are insufficient to improve healthcare.
Learning Health Systems incorporating plurality of evidence
from women and healthcare providers, research and guidelines,
data and practice and implementation and economic research
and evaluation are required for improvement [2, 22]. Ongoing
maternity service failures, rising eco-social vulnerabilities and
obesity, inequities and disparities as demonstrated here, man-
date transparent investigation, learning and improvement with
and for women, with this work now initiated in Australia.

To our knowledge, this is the first report on value-based dif-
ferences in matched populations across outcomes and costs for
private obstetric-led care. Since 2000, research has suggested
lower complication rates in private compared to public hospi-
tals in Australia. In unmatched populations, a prior Australian
study identified higher rates of major birth injury or tears in
women, and higher neonatal resuscitation, NICU admission
and death in public compared to private hospitals [23]. Another
unmatched study reported higher rates of adverse outcomes
following caesarean section in public compared to private care
[24]. After adjusting for some confounders, higher rates of peri-
natal deaths in public compared to private hospitals were also
reported [25], with another in low-risk women showing mixed
findings [26]. Other studies failed to find differences for non-
continuity obstetric care compared to midwifery care in public
hospitals [27-29]. In an unmatched single public hospital study,
continuity of midwifery care, private obstetric care and stan-
dard maternity care showed differences in APGARs <7 (2.1%,
3.4% and 2.3% respectively) and neonatal death or stillbirth
(0.41%, 1.73% and 1.05% respectively) [30]. Randomised trials of
continuity of midwifery care models compared to other public
models of care have shown lower costs and equivalent or better
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outcomes [6], with a Cochrane review showing lower caesarean
section and induction rates and lower costs, without significant
differences in foetal death rates [6]. In the current study, we ad-
vance knowledge with a large population sample drawn from
multiple states and robustly matched, showing comparatively
lower adverse events in private obstetric-led care. Potential driv-
ers may include clear provider responsibility, improved continu-
ity of care and stronger relational aspects between women and
providers [31]. The totality of this evidence mandates action to
identify drivers of observed differences and to embed research
and improvement in maternity care to address these and im-
prove outcomes.

In the context of the continued rising rates, the public health
system in Australia, the United Kingdom and elsewhere has fo-
cused on reducing caesarean sections [3, 32]. Here, we found that
caesarean section was associated with a lower risk of stillbirth
or neonatal death, compared to other modes of birth. This needs
to be balanced with known other adverse outcomes [33, 34]. We
also note that in private obstetric-led care, caesarean section
birth, birth between 34 and 36 weeks and birth between 37 and
39weeks were higher; however, total costs in this setting were
lower. The lower costs could be attributable to fewer adverse
outcomes, reducing high-cost care (such as NICU admission or
more complex admission) in private obstetric-led care and the
different funding rates for private obstetric-led care and stan-
dard maternity care. For example, in public hospitals caesarean
section births are funded at a higher rate than vaginal births;
but for private obstetricians, funding for caesarean sections and
vaginal birth were set at equal amounts. In contrast, we found
that induction of labour was associated with over twice the risk
of stillbirth or neonatal death. In the context of rising maternal
risks, these findings mandate further research on the optimal
mode of birth and indications for specific interventions, sup-
ported by shared decision-making tools for healthcare providers
and women.

Our study also identified other correlates of adverse outcomes
including rapidly rising maternal obesity, driven by eco-social
factors. Public health initiatives are vital here, as individual
lifestyle interventions for preconception obesity have not been
proven to be effective and sustainable, whilst other medical
treatment options offer promise; these require further research.
In pregnancy, however, concerted public health initiatives such
as a sugar tax, already implemented in over 100 countries in-
cluding the United Kingdom, are proven to reduce gestational
weight gain and adverse pregnancy outcomes [35]. Likewise,
supportive lifestyle interventions during pregnancy, embedded
into maternity care, are supported by level I evidence on effi-
cacy and cost savings, with recommendations for implementa-
tion [36].

5 | Conclusion

Improving equity and value across costs and outcomes is a fun-
damental priority in maternity care. Using unique population-
level, linked datasets, we have demonstrated significantly
worse outcomes for women and neonates, and higher costs,
in standard maternity care compared to private obstetric-led
care, controlling for measurable demographic, socio-economic

and clinical characteristics. We have also shown that maternal
factors, mode of birth and models of care are correlates of neo-
natal death. Overall, this study highlights the need for further
research, embedded in clinical care. Given the potential dis-
parities in outcomes between models of care, we propose that
a National Maternity Learning Health System and Clinical
Quality Registry are vital to embed implementation and com-
parative effectiveness research in routine practice, identify un-
derlying drivers and enable rapid improvement in models of care
and outcomes for all women.

Author Contributions

E.J.C. conceived the original study idea and undertook the analysis.
E.J.C. and H.T. drafted the manuscript. E.J.C., J.E.,, BW.M. and H.T.
co-designed the analysis. All authors contributed to the interpretation
of the findings and edited the final manuscript.

Acknowledgements

The authors acknowledge and thank the Consultative Councils Unit
and the Consultative Council on Obstetric and Paediatric Mortality and
Morbidity (CCOPMM); the Queensland Statistical Services Branch; the
Centre for Health Record Linkage and NSW Ministry of Health for the
data and support provided to this project. The opinions and conclusions
expressed in this paper are those of the authors and may not reflect
those of CCOPMM, Queensland Health, New South Wales Ministry of
Health or Victoria Health. The authors also acknowledge and thank for
their support with data extraction. Open access publishing facilitated by
Monash University, as part of the Wiley - Monash University agreement
via the Council of Australian University Librarians.

Ethics Statement

For Maternity1000, ethics approval was obtained from the Townsville
Hospital and Health Service Human Research Ethics Committee
(HREC) (HREC/16/QTHS/223), James Cook University HREC (H7246)
and the Australian Institute of Health and Welfare HREC (E02017-
1-338). We also obtained Public Health Act Approval (RD007377).
The Maternity2000 project received human research ethics approval
from the New South Wales Health Service Human Research Ethics
Committee (HREC) (HREC/ETH00684/2020.11) and the Australian
Institute of Health and Welfare Ethics Committee (E02020/4/1167). We
also received Public Health Act Approval (PHA 20-00684). No identifi-
able patient information was provided to the authors.

Conflicts of Interest

The authors declare no conflicts of interest.

Data Availability Statement

Our data access approvals specifically prohibit any data sharing, and
thus data sharing is not possible.

References

1.J. Sheikh, J. Allotey, T. Kew, et al., “Vulnerabilities and Reparative
Strategies During Pregnancy, Childbirth, and the Postpartum Period:
Moving From Rhetoric to Action,” eClinicalMedicine 67 (2024): 102264.

2. E. J. Callander, H. Teede, and E. Enticott, “Value in Maternal Care:
Using the Learning Health System to Facilitate Action,” Birth 49 (2022):
589-594, https://doi.org/10.1111/birt.12684.

3. D. Ockenden, “Independent Review of Maternity Services at Shrews-
bury and Telford Hospital NHS Trust” (2019).

100f 11

BJOG: An International Journal of Obstetrics & Gynaecology, 2025

85USD17 SUOWILLOD) BAIERID 3|qedl|dde au Aq pausenob e SapIe YO B8N JO S9N o) ARIqIT8UIUO A8]IM UO (SUORIPUOD-PUR-SULBY WD A8 |1 AR | BU1IUO//SHIU) SUORIPUOD PUe SWB L 3U3 885 *[5202/20/9T] U0 AIqT8uIUO A8|IM ‘1PUN0D LOIRSSSY DIPSIN PUY UIESH [UOIN AQ 98Z8T '82G0-TLYT/TTTT OT/I0PAu0d A 1M Aeiq i puluo uABqoy/sdny woiy pepeojumod ‘0 ‘82S0TLYT


https://doi.org/10.1111/birt.12684

4. G. Duncombe, E. Weaver, M. Sidebotham, and L. Hardiman, Mackay
HHS Obstetrics and Gynaecology Investigation Report (Mackay Hospital
and Health Service, 2022).

5. B. Kirkup, “Reading the Signals Maternity and Neonatal Services in
East Kent—The Report of the Independent Investigation” (2022).

6.J. Sandall, C. F. Turienzo, D. Devane, et al., “Midwife Continuity of
Care Models Versus Other Models of Care for Childbearing Women,”
Cochrane Database of Systematic Reviews 4, no. 4 (2024): CD004667.

7.B.Mol, S. Wood, L. Rode, et al., “Evaluating Progestogens for Prevent-
ing Preterm Birth International Collaborative (EPPPIC): Meta-Analysis
of Individual Participant Data From Randomised Controlled Trials,”
Obstetrical & Gynecological Survey 76, no. 8 (2021): 464-466.

8. Department of Health and Aged Care, National Health Reform Agree-
ment 2020-2025 (Australian Government, 2020).

9. Australian Institute of Health & Welfare, Maternity Models of Care in
Australia (ATHW, 2022).

10. Australian Institute of Health & Welfare, Australia’s Mother's and
Babies, 2022 (ATHW, 2024).

11. E. J. Callander and H. Fox, “What Are the Costs Associated With
Child and Maternal Healthcare Within Australia? A Study Protocol for
the Use of Data Linkage to Identify Health Service Use, and Health Sys-
tem and Patient Costs,” BMJ Open 8, no. 2 (2018): e017816.

12. Independant Hospital Pricing Authority, National Hospital Cost
Data Collection, Round 24 (2019-20) (IHPA, 2022).

13. Australian Government Department of Health, Archived Private
Hospital Data Bureau (PHDB) Annual Reports (Australian Government,
2022).

14. M. Iwagami and T. Shinozaki, “Introduction to Matching in Case-
Control and Cohort Studies,” Annals of Clinical Epidemiology 4, no. 2
(2022): 33-40.

15. P. C. Austin, “Balance Diagnostics for Comparing the Distribution
of Baseline Covariates Between Treatment Groups in Propensity-Score
Matched Samples,” Statistics in Medicine 28, no. 25 (2009): 3083-3107.

16. P. C. Austin and M. M. Mamdani, “A Comparison of Propensity
Score Methods: A Case-Study Estimating the Effectiveness of Post-AMI
Statin Use,” Statistics in Medicine 25, no. 12 (2006): 2084-2106.

17. P. C. Austin, “An Introduction to Propensity Score Methods for Re-
ducing the Effects of Confounding in Observational Studies,” Multivar-
iate Behavioral Research 46, no. 3 (2011): 399-424.

18. N. Greifer and E. A. Stuart, “Matching Methods for Confounder Ad-
justment: An Addition to the Epidemiologist's Toolbox,” Epidemiologic
Reviews 43, no. 1(2021): 118-129.

19. R.J. Glynn, S. Schneeweiss, and T. Stiirmer, “Indications for Propen-
sity Scores and Review of Their Use in Pharmacoepidemiology,” Basic &
Clinical Pharmacology & Toxicology 98, no. 3 (2006): 253-259.

20. A. R.Jones, C. T. Tay, A. Melder, A.J. Vincent, and H. Teede, “What
Are Models of Care? A Systematic Search and Narrative Review to
Guide Development of Care Models for Premature Ovarian Insuffi-
ciency,” Seminars in Reproductive Medicine 38 (2020): 323-330.

21.J. E. Platt, M. Raj, and M. Wienroth, “An Analysis of the Learning
Health System in Its First Decade in Practice: Scoping Review,” Journal
of Medical Internet Research 22, no. 3 (2020): €17026.

22.]. Enticott, A. Johnson, and H. Teede, “Learning Health Systems
Using Data to Drive Healthcare Improvement and Impact: A Systematic
Review,” BMC Health Services Research 21, no. 1 (2021): 200.

23.S.J. Robson, P. Laws, and E. A. Sullivan, “Adverse Outcomes of La-
bour in Public and Private Hospitals in Australia: A Population-Based
Descriptive Study,” Medical Journal of Australia 190, no. 9 (2009):
474-4717.

24.W. Jang, C. Flatley, R. M. Greer, and S. Kumar, “Comparison Be-
tween Public and Private Sectors of Care and Disparities in Adverse
Neonatal Outcomes Following Emergency Intrapartum Cesarean at
Term - A Retrospective Cohort Study,” PLoS One 12, no. 11 (2017):
€0187040.

25.N. Adams, D. Tudehope, K. S. Gibbons, and V. Flenady, “Perinatal
Mortality Disparities Between Public Care and Private Obstetrician-
Led Care: A Propensity Score Analysis,” BJOG: An International Jour-
nal of Obstetrics & Gynaecology 125, no. 2 (2018): 149-158.

26. H. G. Dahlen, S. Tracy, M. Tracy, A. Bisits, C. Brown, and C. Thorn-
ton, “Rates of Obstetric Intervention and Associated Perinatal Mortality
and Morbidity Among Low-Risk Women Giving Birth in Private and
Public Hospitals in NSW (2000-2008): A Linked Data Population-Based
Cohort Study,” BMJ Open 4, no. 5 (2014): e004551.

27.S. Bernitz, R. Rolland, E. Blix, M. Jacobsen, K. Sjoborg, and P. @ian,
“Is the Operative Delivery Rate in Low-Risk Women Dependent on the
Level of Birth Care? A Randomised Controlled Trial,” BJOG: An Interna-
tional Journal of Obstetrics & Gynaecology 118, no. 11 (2011): 1357-1364.

28. V. Souter, E. Nethery, M. L. Kopas, H. Wurz, K. Sitcov, and A. B.
Caughey, “Comparison of Midwifery and Obstetric Care in Low-Risk
Hospital Births,” Obstetrics & Gynecology 134, no. 5 (2019): 1056-1065.

29. C. Begley, D. Devane, M. Clarke, et al., “Comparison of Midwife-Led
and Consultant-Led Care of Healthy Women at Low Risk of Childbirth
Complications in the Republic of Ireland: A Randomised Trial,” BMC
Pregnancy and Childbirth 11 (2011): 1-10.

30. S. K. Tracy, A. Welsh, B. Hall, et al., “Caseload Midwifery Compared
to Standard or Private Obstetric Care for First Time Mothers in a Pub-
lic Teaching Hospital in Australia: A Cross Sectional Study of Cost and
Birth Outcomes,” BMC Pregnancy and Childbirth 14 (2014): 1-9.

31. H. L. McLachlan, D. Forster, M. A. Davey, et al., “The Effect of Pri-
mary Midwife-Led Care on Women's Experience of Childbirth: Results
From the COSMOS Randomised Controlled Trial,” BJOG: An Interna-
tional Journal of Obstetrics & Gynaecology 123, no. 3 (2016): 465-474.

32. Australian Commission on Safety and Quality in Health Care and
Australian Institute of Health and Welfare, The Fourth Australian Atlas
of Healthcare Variation (ACSQHC, 2021).

33.J. Sandall, R. Tribe, L. Avery, et al., “Short-Term and Long-Term
Effects of Caesarean Section on the Health of Women and Children,”
Lancet 392, no. 10155 (2018): 1349-1357.

34. A. Karlstrom, H. Lindgren, and I. Hildingsson, “Maternal and In-
fant Outcome After Caesarean Section Without Recorded Medical In-
dication: Findings From a Swedish Case-Control Study,” BJOG: An
International Journal of Obstetrics & Gynaecology 120, no. 4 (2013):
479-486.

35.K. E. Jackson, R. Hamad, D. Karasek, and J. S. White, “Sugar-
Sweetened Beverage Taxes and Perinatal Health: A Quasi-Experimental
Study,” American Journal of Preventive Medicine 65, no. 3 (2023):
366-376.

36. M. Lloyd, H. Teede, C. Bailey, E. Callander, and Z. Ademi, “Pro-
jected Return on Investment From Implementation of a Lifestyle Inter-
vention to Reduce Adverse Pregnancy Outcomes,” JAMA Network Open
5, n0. 9 (2022): €2230683.

Supporting Information

Additional supporting information can be found online in the
Supporting Information section.

11 of 11

85USD17 SUOWILLOD) BAIERID 3|qedl|dde au Aq pausenob e SapIe YO B8N JO S9N o) ARIqIT8UIUO A8]IM UO (SUORIPUOD-PUR-SULBY WD A8 |1 AR | BU1IUO//SHIU) SUORIPUOD PUe SWB L 3U3 885 *[5202/20/9T] U0 AIqT8uIUO A8|IM ‘1PUN0D LOIRSSSY DIPSIN PUY UIESH [UOIN AQ 98Z8T '82G0-TLYT/TTTT OT/I0PAu0d A 1M Aeiq i puluo uABqoy/sdny woiy pepeojumod ‘0 ‘82S0TLYT



	Maternal and Neonatal Outcomes and Health System Costs in Standard Public Maternity Care Compared to Private Obstetric-Led Care: A Population-Level Matched Cohort Study
	ABSTRACT
	1   |   Introduction
	2   |   Methods
	2.1   |   Study Design and Participants
	2.2   |   Data Source
	2.3   |   Birth Outcomes
	2.4   |   Identification of Costs
	2.5   |   Matching Populations
	2.6   |   Statistical Analysis

	3   |   Results
	3.1   |   Outcomes Analysis
	3.2   |   Cost Analysis
	3.3   |   Associations With Adverse Outcomes

	4   |   Discussion
	4.1   |   Main Findings
	4.2   |   Strengths and Limitations
	4.3   |   Interpretation

	5   |   Conclusion
	Author Contributions
	Acknowledgements
	Ethics Statement
	Conflicts of Interest
	Data Availability Statement
	References


