medRXxiv preprint doi: https://doi.org/10.1101/2021.10.04.21264500; this version posted October 5, 2021. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity.

It is made available under a CC-BY-NC-ND 4.0 International license .

Increase in preterm stillbirths and reduction in iatrogenic preterm births for fetal compromise:
amulti-centre cohort study of COVID-19 lockdown effects in Melbourne, Australia

Authors: LisaHui***", Melvin Barrientos Marzan™*?, Stephanie Potenza®, Daniel L.
Rolnik®"° Natasha Pritchard'?, Joanne M. Said**, Kirsten R Palmer®’, Clare L.
Whitehead™, Penelope M. Sheehan”®, Jolyon Ford®, Ben W. Mol®’, Susan P. Walker'?

Department of Obstetrics and Gynaecology, Melbourne Medical School, The University
of Melbourne

> Department of Obstetrics and Gynaecology, Mercy Hospital for Women, Mercy Health

% Department of Obstetrics and Gynaecology, The Northern Hospital, Northern Health

* Maternal-Fetal Medicine Department, Joan Kirner Women's and Children’s Hospital,
Western Health

> Department of Obstetrics and Gynaecology, the Royal Women's Hospital

®  Department of Obstetrics and Gynaecology, Monash Health

" Department of Obstetrics and Gynaecology, Monash University

g' Department of Obstetrics and Gynaecology, Eastern Health

Department of Obstetrics and Gynaecology, Peninsula Health

1% Harvard School of Public Health, Harvard University

~ Reproductive Epidemiology Group, Murdoch Children’s Research Institute
12 Centre for Alcohol Policy Research (CAPR), La Trobe University

NOTE: This preprint reports new research that has not been certified by peer review and should not be used to guide clinical prac]ice.


https://doi.org/10.1101/2021.10.04.21264500
http://creativecommons.org/licenses/by-nc-nd/4.0/

medRXxiv preprint doi: https://doi.org/10.1101/2021.10.04.21264500; this version posted October 5, 2021. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity.
It is made available under a CC-BY-NC-ND 4.0 International license .

ABSTRACT
Objectives: The COVID-19 pandemic has been associated with aworsening of perinatal

outcomes in many settings due to the combined impacts of maternal COVID-19 disease,
disruptions to maternity care, and overloaded health systems. In 2020, Melbourne endured a
unique natural experiment where strict lockdown conditions were accompanied by very low
COVID-19 case numbers and the maintenance of health service capacity. The aim of this
study was to compare stillbirth and preterm birth rates in women who were exposed or
unexposed to lockdown restrictions during pregnancy.

Design: Retrospective multi-centre cohort study of perinatal outcomes before and during
COVID-19 lockdown

Setting: Birth outcomes from all 12 public maternity hospitals in metropolitan Melbourne
Inclusion criteria: Singleton births without congenital anomalies from 24 weeks' gestation.
The lockdown-exposed cohort were those women for whom weeks 20- 40 of gestation would
have occurred during the lockdown period of 23 March 2020 to 14 March 2021. The control
cohort comprised all pregnanciesin the corresponding periods one and two years prior to the
exposed cohort.

Main outcome measures. Odds of stillbirth, preterm birth (PTB), birth weight < 3" centile,
and iatrogenic PTB for fetal compromise, adjusting for multiple covariates.

Results: There were 24,017 birthsin the exposed and 50,017 births in the control group.
There was a significantly higher risk of preterm, but not term, stillbirth in the exposed group
compared with the control group (0.26% vs 0.18%, aOR 1.49, 95%CI 1.08 to 2.05, P =
0.015). There was also asignificant reduction in preterm birth < 37 weeks (5.93% vs 6.23%,
aOR 0.93, 95%CI 0.87 to 0.99, P=0.03), largely mediated by a reduction in iatrogenic PTB
for live births (3.01% vs 3.27%, aOR 0.89, 95%CI 0.81 to 0.98, P = 0.015), including

iatrogenic PTB for suspected fetal compromise (1.25% vs 1.51%, aOR 0.79, 95%CI 0.69 to
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0.91, P=0.001). There was no significant difference in the spontaneous PTB rate between the
exposed and control groups (2.69% vs 2.82%, aOR 0.94, 95%CI 0.86 to 0.1.03, P=0.25).
Conclusions: Lockdown restrictions in a high-income setting, in the absence of high rates of
COVID-19 disease, were associated with asignificant increase in preterm tillbirths, and a
significant reduction in iatrogenic PTB for suspected fetal compromise.

Trial registration: This study was registered as an observational study with the Australian

and New Zealand Clinical Trials Registry (ACTRN12620000878976).
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Introduction

The COVID-19 pandemic has disrupted the delivery of maternity care, with a recent
systematic review concluding that global maternal and fetal outcomes had worsened during
the COVID-19 pandemic.* Some studies have reported increases in stillbirth and reductions
in preterm birth,”® while others reported no changes.>** These differences are likely due to
multiple factors, including differences in study methodology,* resource setting, severity of

lockdown restrictions, and COVID-19 caseload.!

The city of Melbourne, Australia, which has approximately 4,000 births per month,
experienced a prolonged period of fluctuating lockdown restrictions commencing on 23
March 2020 through to 14 March 2021 (Figure 1). The strictest period of lockdown in mid
2020 restricted leaving the house for reasons other than approved essential work, caring for
dependents, obtaining medical care or essential food/services. Individuals were allowed one
hour outside the home for exercise per day within a 5km radius, with a prohibition on all

gatherings of more than two people, and a curfew from 8pm to 5am.™

Numerous modifications to pregnancy care were concurrently adopted to mitigate the
anticipated strain on health services and reduce infection risks. These measures included
rapid transition to telehealth,'® hospital visitor restrictions, increasing the interval between in-
person visits, reducing face-to face appointment time, changes to gestationa diabetes
screening and ultrasound surveillance of fetal growth.”” Melbourne experienced relatively
few maternal COVID-19 infections (Iess than 100 in 2020), and no associated maternal or
perinatal deaths.’® This meant that metropolitan Melbourne experienced a unique set of

circumstances not seen in other high-income countries: a prolonged period of significant
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social restrictions and major changes to antenatal care, without an associated high burden of

COVID-19 infections.

In mid 2020, all 12 Melbourne public maternity hospitals (7 health services) formed the
Collaborative Maternity and Newborn Dashboard (CoMaND) for the COVID-19 pandemic
project to internally monitor the effect of the pandemic on clinical quality indicators.
Perinatal data collected for CoMaND were used here to analyse the impact of lockdown on

preterm birth, stillbirth and utilisation of maternity services.

Methods

Ethical approval

This study was given ethical approval from the Human Research Ethics Committees of
Austin Health (Ref. HREC/64722/Austin-2020) and Mercy Health (Ref. 2020-031) and is
registered as an observational study with the Australian and New Zealand Clinical Trials
Registry (ACTRN12620000878976). There was no patient or public involvement in the

design of this study.

Study population

We obtained data from all births > 20 weeks in all 12 public maternity services in Melbourne
from 1% January 2018 to 31% March 2021. An estimated 44,000 women give birth in the
participating hospitals each year, representing approximately three quarters of all hospital
births in Melbourne. Birthsin exclusively private hospitals and planned home births outside
of publicly-funded homebirth programs were not captured. However women planning a

private hospital or home birth would typically be transferred to a Level 6 public hospital if
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they were at risk of preterm birth <31 weeks’ or required tertiary maternal fetal medicine

services.

Exclusions

Infants with congenital anomalies, terminations of pregnancy (TOP), non-Victorian residents,
and multiple pregnancies were excluded. We excluded births < 24 weeks' gestation as TOP
can be provided on maternal request up to this gestation, and management of preterm birth
and preterm prelabour rupture of membranes < 24 weeks' is variable and subject to parental

discretion.

Definition of lockdown exposed cohort and non-exposed controls

We defined the lockdown exposure period as 23 March 2020 to 14 March 2021, as thiswas a
continuous period where the national stringency index (NSI) was > 50 on the Oxford
COVID-19 Government Response Tracker scale for at least five days per week (Figure 1b).*°
The NSI threshold of 50 was used in accordance with the definition of lockdown in the
International Perinatal Outcomes in the Pandemic study.?® Melbourne had the biggest
COVID-19 caseload nationally throughout 2020 and therefore drove the Australian

government stringency index in 2020.

To maintain anonymity of individual records, hospital data managers converted the actual
infant dates of birth into the ordinal calendar week of birth (ie 1 to 52 for each calendar year).
For descriptive purposes, weeks are described by the Monday date. We used the calculated
week of last menstrual period, rather than week of birth, to define the lockdown-exposed
cohort to ensure that outcomes such as preterm birth would be measured using denominator

births with asimilar timing of lockdown exposure. We subtracted the infants gestational age
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at birth in completed weeks from the week of birth to obtain the week of calculated LMP

(CLMP).

Using this cLMP, we defined a ‘lockdown-exposed’ cohort comprising women for whom
weeks 20-40 of gestation would have occurred during the lockdown period. This included
women whose cL M P occurred during the 31 weeks from 4™ November 2019 to 1% June 2020
inclusive (Figure 1b). To control for possible seasonality, the control group comprised
women who had their cLMP during the corresponding calendar weeks commencing one and
two years prior to the start of the exposed cohort (births with cLMPs in weeks commencing 5
November 2018 to 3 June 2019 and 6 November 2017 to 4 June 2018). These were assessed

as acombined control group.

Outcome measures
We calculated all outcomes using both denominators of ‘al births' (live and stillbirths) and
‘live births’, with the exception of stillbirth rate (all births).
Primary outcomes
1. Total stillbirth rate; stratified by gestational age.
2. Total PTB (< 37 weeks) rate.
Secondary outcomes:
1. PTB < 37weeks: spontaneous and iatrogenic. An iatrogenic birth was defined as any
birth without spontaneous onset of labour (either induced labour or no labour).
2. PTB < 32 weeks: total, iatrogenic and spontaneous

3. PTB <28 weeks: total, iatrogenic and spontaneous
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4. Feta growth restriction (FGR): total FGR, FGR at birth >37 weeks, < 37 weeks, < 32
weeks, < 28 weeks. FGR was defined as birthweight < 3" centile using local
population sex-specific birth weight charts.*

5. latrogenic births for fetal compromise: >37 weeks, <37 weeks, <32 weeks, <28
weeks. Indications for induction of labour and cesarean sections (CS) were coded
according to the Australian Institute of Health and Welfare Metadata Online Registry,
which defines fetal compromise as “suspected or actual fetal compromise, and
intrauterine growth restriction”.* Any documentation of suspected fetal growth
restriction, antepartum abnormal cardiotocography, “fetal distress” (without labour),
reduced fetal movements, oligohydramnios, abnormal umbilical artery Dopplers, or
placental insufficiency were included in this classification.

6. Apgar score < 7 at five minutes

7. Specia care nursery (SCN) admission

8. Neonatal intensive care unit (NICU) admission

9. First antenatal visit < 12 weeks gestation. This refersto the first planned visit to a
midwife or doctor during pregnancy, whether community- or hospital-based.

10. Born before arrival (BBA). Thisrefersto the rate of planned hospital births that occur

before arrival, including unplanned births at home, in transit, or other locations.

Statistical analysis

No sample size calculation was performed as this was a cohort defined by lockdown duration.
However, based on prior statewide adjusted stillbirth rates, atotal sample size of 64,734 with
a2to 1 ratio of control to exposed births would allow us to detect a 33% increase in stillbirth
from 0.6% to 0.8% with 80% power, at an alpha level of 5%. Analyses of secondary

outcomes were considered exploratory and no adjustments for multiple comparisons were
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made. Perinatal outcomes were summarised as proportion of all births (live births and
stillbirths) and live births. Statistical significance was tested with the t-test or chi-sguare test
as gppropriate. We performed multivariate logistic regression analysis to obtain the odds ratio
(OR) of primary and secondary outcomes in the lockdown-exposed vs non exposed cohorts.
We adjusted for the following maternal covariates: maternal age, body mass index (BMI) at
first antenatal visit, region of birth, need for interpreter (proxy indicator for primary language
and categorised as yes or no), parity, socioeconomic status (assigned by maternal postcode)
and smoking in pregnancy status. Adjustments for covariates were done based on the results
from backward stepwise regression at alpha <0.15. Records with missing data were excluded
from all univariate and multivariable analysis. Statistical analyses were conducted using Stata
17 (StataCorp. 2021. Stata Statistical Software: Release 17. College Station, TX: StataCorp
LLC), and two-sided p-values below 0.05 were considered statistically significant. As
maternal BMI and smoking status were potentially on a causal pathway between lockdown
restrictions and perinatal outcomes, we performed a sensitivity analysis without adjustment

for these covariates.

We used Cox regression to derive the hazard ratio of stillbirths and PTB <37 weeks, and
Kaplan-Meier curves to plot the cumulative hazard of the outcomes of interest. We tested the
proportionality of control and exposed cohorts using tests of non-zero slope. Exponentiated
log-ORs of the primary outcomes for each hospital were plotted in forest plots using meta-
analysis of aggregated ORs per hospital. We used a fixed effect model to derive the pooled
exponentiated effect measures (OR) since all the results are obtained on the same dataset and
the heterogeneity across all outcomes was small (0 for all outcomes except overall PTB with

12<30).
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Birthsincluded in run chart analysis

To examine temporal patterns in outcomes during lockdown conditions, we aso generated
run charts by week of cLMP. Only births with cLMP in the weeks from 14™ August 2017 to
22™ June 2020 were included in the run charts, comprising infants for whom weeks 20 to 43
of gestation occurred within the data collection period of 1% Jan 2018 to 31 March 2021. Pre-
pandemic median rates for each outcome were calculated for the non-exposed cohort (cCLMP
prior to 4™ November 2019). A significant shift in a run chart was defined as six or more
consecutive weeks all above or below the pre-pandemic median according to established

methods for detecting non-random signalsin health care.®

Results

There were 147,367 births in participating hospitals during the period 1% January 2018 to 31
March 2021. After classifying al births by week of cLMP, we excluded 16,394 births with
cLMP outside the defined period for the run chart analysis. After further exclusions for
congenital anomalies, non-Victorian residents, multiple pregnancies and births < 24 weeks,

there were 118,705 births remaining for the run chart analysis by week of cLMP (Figure 2).

Cohort analysis—lockdown exposed vs non exposed pregnancies

The lockdown-exposed cohort contained 24,817 births and the control cohort contained a
combined total of 50,017 births (Figure 2). The characteristics of exposed and control groups
are shown in Table 1. The lockdown-exposed group differed significantly from the control
group in terms of age, socioeconomic class distribution, maternal region of birth, and
maternity service level, though the absolute differences were small. Details of the bivariate
analysis are available in supplemental file 1. The outcomes are presented using al births

denominators (live and stillbirths) in Table 2 and live birth denominatorsin Table 3. The

10
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results all remained robust in the sensitivity analysis excluding covariates of smoking and

BMI.

Primary outcomes

Sillbirths

There was a significantly higher rate of stillbirth in the lockdown-exposed group compared
with the control group (0.34% vs 0.25%, adjusted odds ratio (aOR) 1.35, 95%CI 1.01-1.80,
P=0.04 (Table 2). When stratified by gestational age, only preterm stillbirths < 37 weeks
remained significantly increased in the exposed group (0.26% vs 0.18%, (aOR 1.49, 95%CI
1.08-2.05, P 0.015)(Table 4). The vast majority of fetal deaths were diagnosed prior to the
onset of labour; and there was no significant difference in the rates of stillbirths during labour
between the exposed and control groups (Table 4). The hazard curve showed a significant
gap in the trgjectories of lockdown-exposed and control groupsin terms of cumulative

hazard of stillbirth by gestational age (Figure 3a).

Total PTB < 37 weeks

There was a significant reduction in total PTB < 37 weeks for all births (5.93% vs 6.23%,
aOR 0.93, 95% CI 0.87-0.99, P = 0.04; Table 2), and PTB <37w in live births (5.68% vs
6.07%, aOR 0.91, 95%CI 0.85-0.98, P = 0.009; Table 3). The hazard curve showed
significant separation of the trajectories of lockdown-exposed and control groups from 33-36

weeks of gestational age (Figure 3b).

The forest plots of stillbirths and total PTB by hospital and maternity service capacity are

shown in Figure 4.
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Secondary outcomes

PTB < 37 weeks, iatrogenic and spontaneous; all births and live births

There was no significant reduction of iatrogenic PTB < 37 weeks for al births (3.24 vs 3.42,
aOR 0.92, 95 CI 0.84-1.00, P=0.08; table 2), although the reduction was significant for live
births (3.01% vs 3.27%, aOR 0.89, 95% CI 0.81-0.98, P= 0.015; table 3). There was no
significant difference between the exposed and control groups in rates of spontaneous
preterm birth < 37 weeks' gestation for live infants (2.68% vs 2.80%, aOR 0.94, 95%CI 0.86-
1.04, P=0.26) or al infants (2.69% vs 2.82%, aOR 0.94, 95%CI 0.86-1.03, P=0.24). Forest
plots of iatrogenic and spontaneous PTB <37weeks by hospital are provided in supplemental

file 2.

PTB < 32 weeks, PTB <28w weeks; total, iatrogenic and spontaneous
There were notable trends towards lower PTB at < 32 and < 28 weeks for al births and live
births, including total, iatrogenic and spontaneous PTB, but none of these reached statistical

significance (Tables 2 and 3).

latrogenic births for fetal compromise (live births only)

There was a significant reduction in iatrogenic births for fetal compromise in the exposed
group compared with the control group (16.98% vs 18.53%, OR 0.90, 95%CI 0.86-0.94, P <
0.001). This reduction was significant for gestational age groups>37, < 37, and < 28 weeks

(Table 5).

Fetal growth restriction

There was no significant difference between the exposed and control groupsin the rate of

FGR among all births (2.00% vs 2.02%, aOR 0.99, 95%CI 0.89-1.11, P=0.91) or live births

12
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(1.94 vs 1.98%, aOR 0.98, 95%CI 0.88-1.10, P=0.78). There was a higher prevalence of FGR
among preterm infants in the exposed cohort, but this did not reach statistical significance for

any of the gestational age subgroups. (See Supplemental file 3).

Apgars< 7 at five minutes and admissions to SCN and NICU (live births)

There was no significant differencein low Apgar scores between the live infantsin the
exposed and control groups. There was a significant reduction in admissions to the SCN in
the exposed group (11.53% vs 12.51%, aOR 0.91, 95%CI 0.87-0.96, P< 0.0001). There was

no significant difference in admissions to the NICU.

Pregnancy care indicators (all births)

A significant proportion of women in the exposed group had their first antenatal visit < 12
weeks gestation (74.44% vs 58.96%, aOR 2.05, 95%CI 1.98-2.12, p< 0.0001). There was a
significant increase in infants born before arrival to hospital, from 0.50% to 0.57% (aOR

1.25, 95% 1.01-1.54, P= 0.046) in the lockdown exposed group.

Run chart analysis

There was a median of 801 total births per week during the run chart analysis period. There
was a significant downward shift in new pregnancies during March-April 2020 at the onset of
lockdown, followed by a significant rebound above the median in May and June (Figure 5a).
Run charts of primary outcomes by week of cLMP confirmed the temporal relationship
between lockdown restrictions and the significant changes observed in the cohort analysis.
There was a significant shift to more stillbirths after the onset of lockdown (Figure 5b), and
shifts to fewer preterm births <37 weeks (Figure 6a). Run charts of the secondary outcomes

were consistent with the cohort analysis, except for the outcome measure of first antenatal
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visit < 12 weeks (Figure 7). The run chart displaying rates of first antenatal visit < 12 weeks

demonstrated an upward secular trend that predated the lockdown (Figure 8a).

Discussion

Our multicentre cohort study assessing the impact of lockdown restrictions and altered
antenatal carein the absence of high COVID-19 disease rates, demonstrated a significant
increase in preterm stillbirths anong women who were pregnant during the 2020 lockdown.
This was accompanied by a significant reduction in total PTB < 37 weeks, including a
significant reduction in iatrogenic PTB < 37 weeks for fetal compromise. FGR has the largest
population attributable risk for stillbirth, with afivefold higher stillbirth risk if FGR is
undetected antenatally.** The overall prevalence of FGR across all births was no different
between the exposed and control groups, nor was there any significant difference in the rate
of intrapartum stillbirths. It is plausible that fewer episodes of in-person care during
lockdown reduced the detection of growth restricted fetuses via routine obstetric examination
or maternal report of decreased fetal movements.?> Taken together, these results suggest that
the increase in gillbirth may be due to afailure of detection, appropriate surveillance and
timely delivery for preterm FGR infants during the lockdown period, rather than arisein the

prevalence of FGR, or deficienciesin intrapartum care.

Thisrisein stillbirth comes despite significantly higher rates of early engagement in antenatal
care in the lockdown group. The higher rate of first antenatal visits by 12 weeks' gestation
during the lockdown period may be due to greater access to appointments facilitated by
telehealth or may be a continuation of along-term trend unrelated to the pandemic. A single
health service study from Melbourne examining maternal and perinatal outcomes after the

introduction of maternity telehealth concluded that there were no adverse impacts of remote

14
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consultations, though this was not adequately powered for rare outcomes such as stillbirth.?®
Our analysis demonstrate consistent trends to higher stillbirth rates and lower preterm birth
rates across the majority of individual hospitals. The increase in stillbirth might be dueto a
maternal reluctance to present to hospital for decreased fetal movements or other medical or
obstetrics concerns, rather than institution-specific barriers to in-person care. The significant
increase in babies born before arrival to hospital during lockdown suggests that women were
delaying presentation in labour - possibly due to fears about the risks of inpatient care,
concerns regarding restrictive visiting policies for support persons in maternity wards, or
home care responsibilities for other children. Not surprisingly, increases in stress and anxiety
across the entire maternity sector during 2020 has been reported.?’” Further research is needed
to understand whether the increase in preterm stillbirths is related to health service access,

utilization, altered maternal pathophysiology, or other social and environmental factors.

We found a nonsignificant reduction in spontaneous preterm birth of a magnitude similar to
that reported in ametaanalysis.! This contrasts with findings from two institution-based
studies from the United States that did find a significant reduction in spontaneous PTB.**%
However, these studies had different baseline rates of PTB and altered demographic profiles,
and higher COVID-19 caseloads). An earlier local report from a single health servicein
Melbourne also reported a reduction in preterm birth, without a significant increasein
stillbirth.® This study differed in inclusion criteria (included multiple pregnancies and births <
24 weeks), as well as sample size, study period, case mix, and geographical coverage. Our
present M elbourne-wide dataset was sufficiently powered to examine stillbirth as a primary

outcome, overcoming many of the limitations of single institution studies. The forest plots

demonstrated consistent trends across each hospital and service capability levels,
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demonstrating that the changes in primary outcomes are most plausibly due to the effect of

lockdown rather than any other variable.

An incidental finding was a marked declinein weekly pregnancies at the onset of the
lockdown in March and April 2020, followed by arebound in May and June 2020. It appears
that many women who might have otherwise planned to conceive when the national state of
emergency was announced on 16 March 2020 delayed conception until June, when the first
lockdown restrictions eased. This shift in conceptions would also explain the small increase
in median maternal age of one month in the lockdown cohort. This phenomenon of a steep
declinein births followed by a“baby boom” is awell-established pattern associated with

pandemics.?

Strengths

Melbourne is a unique case study for the impact of pandemic restrictions on pregnancy
outcomes due to the stringency and length of lockdown and the lack of significant health
system strain or COVID-19 maternity caseload. Our adverse results can therefore be solely
attributed to indirect effects of the pandemic. Our report has the strengths of alarge sample
size and complete ascertainment of all public hospital births. In any study examining preterm
birth during the pandemic, it is critical to have geographical coverage of al levels of
maternity services as patient presentation and interhospital transfer patterns may be altered.
Our maternity services are linked via a statewide perinatal retrieval service that facilitates the
rapid transfer of women with high-risk pregnancies to appropriate level 6 facilities. This
allows us to assume capture of al births < 31 weeks' as private and regiona hospitals

typically do not have capacity to care for very preterm infants.
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Our analysis also addresses the hidden perinatal mortality inherent in studies that report
reductions in live preterm births without including stillbirths.** We heeded the recent call of
the International Stillbirth Alliance to report both PTB and stillbirths, distinguish antepartum
from intrapartum stillbirths, and achieve an adequately sized control group.® Furthermore,
our study defined cohorts by cLMP rather than date of birth to allow proper calculation of
outcome rates using women with similar timing of exposure to lockdown conditions, and to
avoid skew in ascertainment of preterm or term births at the beginning and end of the birth

data collection periods respectively.

Limitations

The maor limitation of our study is the omission of exclusively private hospital births, which
make up about one quarter of total births in Melbourne. Private hospitals care for low to
moderate risk pregnancies but have markedly different practices compared with the public
sector, including higher rates of term inductions of labour and Caesarean births and higher
rates of undetected FGR.*? Our results are therefore not generalizable to perinatal outcomes

in private hospitals.

Conclusions

Lockdown restrictions have significant impacts on perinatal outcomes, independent of the
effect of COVID-19 disease. Our study shows that pregnant women exposed to lockdown in
a high income setting were less likely to have an iatrogenic preterm birth for suspected fetal
compromise but more likely to have a preterm stillbirth. Health services, consumers,
practitioners, and health policy makers must consider the consequences of our pandemic
response on maternity care as we continue to navigate the second year of the COVID-19

pandemic.
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Table 1. Maternal characteristics among control and exposed cohorts (all births)
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Exposed Control
Maternal characteristics
(n=24,817) (n=50,017) P value
Maternal age, mean (SD)" 31.9 (4.87) 31.7 (4.95) <0.001
Weight in Kg, mean (SD)? 70.39 (17.13) 70.20 (17.28) 0.17
Height in cm, mean (SD)3 163.17 (7.19) 163.26 (7.05) 0.14
Smoking in pregnancy, n (%) 1,333 (5.37) 2,760 (5.52) 0.41
BMI Categories, n (%) *
<18 311 (1.29) 654 (1.33)
18-24 11535 (47.96) 24167 (48.90)
25-29 7085 (29.46) 14106 (28.54) 0.14
30-34 2976 (12.37) 6128 (12.40)
35-39 1318 (5.48) 2647 (5.36)
>=40 824 (3.43) 1718 (3.48)
Region of Birth, n (%) °
Americas 397 (1.61) 744 (1.49)
Australia and Associated Territories 12347 (50.05) 24433 (49.02)
North Africa and Middle East 1155 (4.68) 2569 (5.15)
North East Asia 926 (3.75) 2335 (4.68)
North West Europe 725 (2.94) 1468 (2.95) <0.0001
Oceania including Antartica 955 (3.87) 1913 (3.84)
South East Asia 2100 (8.51) 4370 (8.77)
Southern and Central Asia 4823 (19.55) 9408 (18.87)
Southern and Eastern Europe 484 (1.96) 1064 (2.13)
Sub-Saharan Africa 755 (3.06) 1543 (3.10)
Parity, n (%)
0 10919 (44.00) 21963 (43.91)
1 8893 (35.83) 18030 (36.05) 0.95
2 3222 (12.98) 6449 (12.89)
>=3 1783 (7.18) 3575 (7.15)
SEIFA quintile, n (%)
1 - Most disadvantaged 5512 (22.21) 10941 (21.87)
2 3575 (14.41) 7396 (14.73)
3 6097 (24.57) 11940 (23.87) 0.0040
4 5562 (22.41) 11070 (22.13)
5 - Most advantaged 4071 (16.40) 8697 (17.39)
Birthing location®
Level 4 maternity service 7199 (29.05) 14578(29.19)
Level 5 maternity service 4931 (19.90) 10256 (20.54) 0.01
Level 6 maternity service 12531 (50.57) 24926 (49.91)

1109 missing Maternal Age (0.15%)

2975 missing/implausible maternal weight (1.30%)

% 1,017 missing/implausible height (1.36%)

* 1,365 missing or implausible BMI (1.82%)

® 320 missing region of birth (0.43%)

® 296 records either Born Before Arrival/Unregistered/Other Health Facilities (0.40%)
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BMI, body mass index; SD, standard deviation; SEIFA, socioeconomic index for areas; w,
weeks;

!Level 6 maternity services provide regional/statewide specialised care for high risk
pregnancies, including extremely preterm births, as well as local care for all women and
babies; Level 5 services care for normal to moderate risk pregnancies, and manage labour and
birth from 31 weeks gestation; Level 4 services that provide local care for women and babies

at normal and moderate risk, including planned births from 34 weeks gestation.
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Table 2. Primary and secondary outcomes for all births (live births and stillbirths)

Exposed Control Odds Ratio Adjusted Odds Ratio
(n=24,817) (n=50,017) OR L u P value aOR L u P value
Stillbirths
Total 85 (0.34) 125 (0.25) 137 104 181 0025 | 135 101 1.80 0.041
Preterm birth <37 weeks
Total 1,471 (5.93) 3,117 (6.23) 095 089 1.01 0.10| 093 087 099 0.034
Spontaneous 667 (2.69) 1,408 (2.82) 095 0.87 105 0.32| 094 086 103 0.25
latrogenic 804 (3.24) 1709 (3.42) 095 0.87 103 021| 092 084 100 0.081
Pre-term birth <32 weeks
Total 234 (0.94) 476 (0.95) 099 085 116 091 093 078 111 0.43
Spontaneous 98 (0.39) 212 (0.42) 093 073 118 056 | 091 070 118 0.47
latrogenic 136 (0.55) 264 (0.53) 1.04 084 1.28 072| 095 076 120 0.67
Pre-term birth <28 weeks
Total 75 (0.30) 154 (0.31) 098 074 129 090 | 097 072 131 0.93
Spontaneous 34 (0.14) 74 (0.15) 093 062 139 071 091 059 143 0.69
latrogenic 41 (0.17) 80 (0.16) 1.03 071 151 087 | 1.02 068 154 0.79
Newborn outcomes
Apgar score < 7 at 5 minutes 354 (1.43) 758 (1.58) 091 080  1.03 0.14| 096 0.85 1.08 0.50
Fetal growth restriction 493 (2.00) 1010 (2.02) 099 089 110 0.85| 099 089 111 0.92
Special care nursery admission 2851 (11.53) 6242 (12.51) 091 087 095 <0.0001 091 0.87 096 <0.0001
Neonatal intensive care unit admission 551 (2.23) 1113 (2.23) 1.00 090 111 097 | 097 087 108 0.55
Pregnancy care indicators
First antenatal visit <=12w 18474 (74.44) 29488 (58.96) 203 196 210 <0.0001 205 198 212 <0.0001
Born before arrival 142 (0.57) 248 (0.50) 115 094 142 017 | 125 101 154 0.046
1116 records with missing Apgar score (0.16%) were not included in the analysis
2 146 records with missing or implausible birthweight (0.20%) were not included in the analysis
3 SCN and NICU includes livebirths only
aOR, adjusted odds ratio; L, lower limit of 95% confidence interval; U, Upper limit of 95% confidence interval; OR, odds ratio
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Table 3. Primary and secondary outcomes for live births

Exposed Control Odds Ratio Adjusted Odds Ratio

(n=24,732) (n=49,892) OR L u Pvalue | aOR L u P value
Preterm birth <37w
Total 1,406 (5.68) 3029 (6.07) 093 087 0.99 004 | 091 085 098 0.01
Spontaneous 662 (2.68) 1397 (2.80) 095 087 1.05 033 | 094 086 1.04 0.26
latrogenic 744 (3.01) 1632 (3.27) 092 084 1.00 005| 089 081 098 0.02
Preterm birth <32w
Total 194 (0.78) 422 (0.85) 093 078 1.10 038 | 087 072 1.05 0.14
Spontaneous 94 (0.38) 202 (0.40) 094 073 120 061| 092 070 121 0.55
latrogenic 100 (0.40) 220 (0.44) 092 072 116 047 | 082 063 1.07 0.14
Preterm births <28w
Total 51 (0.21) 119 (0.24) 086 062 120 038 | 085 060 1.22 0.39
Spontaneous 32 (0.13) 67 (0.13) 096 063 147 086 | 097 062 154 0.91
latrogenic 19 (0.08) 52 (0.10) 074 044 125 026 | 070 0.39 1.25 0.23
Newborn outcomes
Apgar score < 7 at 5 minutes 354 (1.43) 758 (1.58) 091 080 1.03 0137 | 090 079 1.03 0.13
Fetal growth restriction 493 (2.00) 1010 (2.02) 099 089 1.10 0.845| 098 0.88 1.10 0.78
Special care nursery admission 2851 (11.53) 6242 (12.51) 091 087 0.95 <0.0001 091 0.87 0.96 <0.0001
Neonatal intensive care unit admission 551 (2.23) 1113 (2.23) 1.00 090 1.11 0965| 097 0.87 108 0.55
Pregnancy care indicators
First antenatal visit <=12w 18420 (74.48) 29415 (58.96) 203 196 210 <0.0001 205 1.98 212 <0.0001
Born Before Arrival 141 (0.57) 247 (0.49) 115 0.94 1.42 018| 125 1.01 155 0.04

1 116 records with missing Apgar score (0.16%) were not included in the analysis

2 146 records with missing or implausible birthweight (0.20%) were not included in the analysis

% SCN and NICU includes livebirths only

aOR, adjusted odds ratio; L, lower limit of 95% confidence interval; U, Upper limit of 95% confidence interval; OR, odds ratio; w, weeks
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Table 4 - Stillbirths by timing and gestational age

Exposed Control Odds Ratio Adjusted Odds Ratio
Timing of fetal death P
n =385 n=125 aOR L U v
OR L U value
Before labour 76 (89.41) 104 (83.20) 1.47 1.1 1.98 0.010 | 147 1.09 198 0.011
During labour 2 (2.35) 4 (3.20) 101 018 55 0.99 099 018 542 0.99
Unknown 7 (8.24) 17 (13.60) 0.83 0.34 2 0.68 0.83 034 201 0.68
Exposed Control Odds Ratio Adjusted Odds Ratio
Gestational age at birth
n=24_817 n=50,017 OR L U p OR L U P
>37w 20 (0.08) 37 (0.07) 109 063 188 0.31 1.09 0.63 1.87 0.77
<37w 65 (0.26) 88 (0.18) 149 108 205 0.015 | 149 1.08 205 0.015
< 32w 40 (0.16) 54 (0.11) 149 099 225 0.055 | 149 099 225 0.055
<28w 24 (0.10) 35 (0.07) 138 082 232 0.22 1.38 0.82 232 0.23

aOR, adjusted odds ratio; L, lower limit of 95% confidence interval; U, Upper limit of 95% confidence interval; OR, odds ratio; w, weeks
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Table 5 - latrogenic live births for fetal compromise

Exposed Control Odds Ratio Adjusted Odds Ratio
Gestational age

(n=24,732) (n=49,892) OR L u P value OR L u P value
Total 4,199 (16.98) 9245 (18.53) 0.90 0.86 0.94 <0.001 0.90 0.86 0.94 <0.001
> 37w 3890 (15.73) 8494 (17.02) 0.91 0.87 0.95 <0.001 0.91 0.88 0.95 <0.001
< 37w 309 (1.25) 751 (1.51) 0.83 0.72 0.94 0.0050 0.79 0.69 0.91 0.0010
< 32w 52 (0.21) 134 (0.27) 0.78 0.57 1.08 0.13 0.68 0.47 0.96 0.030
< 28w 5(0.02) 32 (0.06) 0.32 0.12 0.81 0.016 0.34 0.13 0.88 0.026

aOR, adjusted oddsrratio; L, lower limit of 95% confidence interval; U, Upper limit of 95% confidence interval; OR, odds ratio; w, week
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Figurelegends.

Figure 1. National stringency index and cohort timeline

A. National stringency index for Australiaby year/month from the Oxford Government
Response Tracker.

B. Lockdown-exposed cohort timeline

Figure 2. Study flowchart

CcLMP, calculated last menstrual period

Figure 3. Stillbirth hazard ratio

Cl, confidence interval; HR, hazard ratio

Figure4. Forest plots of primary outcomes by hospital and mater nity service level
5A. Oddsrratio of stillbirth

5B. Odds ratio of preterm birth < 37 weeks

Figure 5. Run charts of weekly births, stillbirths and fetal growth restriction by cLMP
5A. Weekly births by cLMP

5B. Stillbirths by cLMP

5C. Fetal growth restriction by cLMP

cLMP, calculated last menstrual period

Figure 6. Run chartsof preterm births < 37 weeks by cLMP
6A. Total preterm birth by cLMP

6B. latrogenic preterm birth by cLMP
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6C. Spontaneous preterm birth by cLMP

cLMP, calculated last menstrual period

Figure 7. Run charts of newborn outcomes by cLMP
7A. Apgar score < 7 at 5 minutes

7B. Admission to specia care nursery

7C. Admission to neonatal intensive care

cLMP, calculated last menstrual period

Figure 8. Run charts of pregnancy careindicatorsby cLMP
A. First antenatal visit <12 weeks gestation by cLMP
B. Born before arrival by cLMP

cLMP, calculated last menstrual period

Supplementary files

Supplemental File 1. Bivariate analyses of covariate and perinatal outcomes
Supplementary File 2. Table of fetal growth restriction rates by gestational age
Supplemental File 3. Maternal characteristics of exposed and control stillbirth group
Supplemental File 4. Rate of fetal growth restriction among stillbirths by gestational age
Supplemental File 5. Forest plot of iatrogenic and spontaneous preterm birth < 37 weeks by

hospital
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147,367 birth records

Exclusions (n=28,662)
16,394 cLMP before 28/08/2017
2,518 cLMP after 22/06/2020

4,748 major congenital anomalies and/ or termination of pregnancy

857 non-Victorian postcode

3,712 multiple pregnancies

433 gestational age <24 weeks

118,705 birth records for run chart analysis

Exclusions = 43,871 (outside calendar dates for exposed and control
groups)

74,834 birth records for cohort analysis

Combined control group (n=50,017)
Control cohort (1st): cLMP 06/11/2017 — 4/06/2018 (n=24,784)
Control cohort (2"): cLMP 05/11/2018 — 03/06/2019 (n=25,233)

Exposed group (n=24,817)
cLMP 04/11/2019 — 01/06/2020
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A. Stillbirths

B. Preterm birth

exp(ES) Weight

Capability Levels/Hospitals Stillbirth OR with 95% ClI (%)
Level 4 Maternity Hospitals 1
4B J‘—.— 248[0.92, 6.66] 8.36
4.Cc —8@——  1.05[032 350] 567
4D ——®———209[052 837] 425
4E ——m—— 203[065, 630 6.38
Heterogeneity: I” = 0.00%, H’ = 1.00 30 1.88[1.05, 3.34]
Testof §,=6; Q(3)=1.23,p=0.75 !

l
Level 5 Maternity Hospitals |
5.A —®———  090[023 348 447
5.8 _—. 0.16[0.02, 1.19]  1.99
5C —':—.— 1.66[0.56, 4.96] 6.87
Heterogeneity: I° = 50.52%, H’ = 2.02 - 0.95[0.43, 2.08]
Test of 6 = 6; Q(2) = 4.04, p = 0.13 !

1
Level 6 Maternity Hospitals |
6.A —M—  159[066, 3.84] 1052
6.8 i 1.15[0.56, 2.33] 16.19
6.C 3—.— 2.12[1.05, 4.30] 16.45
6.D 18.87

Heterogeneity: I = 0.00%, H’ = 1.00
Test of 8 = 6; Q(3) = 1.54, p = 0.67

Overall
Heterogeneity: I = 0.00%, H’ = 1.00
Test of 8 = 6;: Q(10) = 8.69, p = 0.56

Test of group differences: Q»(2) = 1.88, p = 0.39

- 1.40[0.72, 2.70]
A g 1.52[1.05, 2.18]

<& 1.50 [ 1.13, 2.00]

1132 1/8 12 2 8

exp(ES) Weight

Capability Levels/Hospitals Overall PTB (<37 weeks) OR with 95% ClI (%)
Level 4 Maternity Hospitals |
4A + 0.96[067, 1.37] 345
4B —a— 0.94[0.70, 1.27] 4.84
4cC —_— 0.79[056, 1.11]  3.71
4D ——=———160[1.00, 257] 193
4E — 0.84[0.66, 1.08] 7.21
Heterogeneity: I” = 38.94%, H’ = 1.64 0: 0.93[0.80, 1.07]
Test of 6 = 6 Q(4) = 6.55, p=0.16 !

I
Level 5 Maternity Hospitals 3
5A — 0.93[0.69, 125] 4.96
58 —. 1.05[0.82, 1.34] 7.03
5.C — 0.74[056, 0.98] 5.38
Heterogeneity: I” = 40.32%, H’ = 1.68 ‘:» 0.91[0.78, 1.06]
Test of 6, =6 Q(2) = 3.35, p=0.19 !

|
Level 6 Maternity Hospitals |
6.A —— 1.00[0.85, 1.17] 16.47
6.8 - 0.92[0.78, 1.09] 14.87
6.C -~ 3 0.80[0.68, 0.94] 16.45
6.D —— 1.09[0.92, 1.31] 13.70
Heterogeneity: I’ = 57.28%, H’ = 2.34 < 0.94[0.87, 1.03]
Test of 6, =6 Q(3) =7.02, p = 0.07 |

l
Overall & 0.93[0.87, 1.00]
Heterogeneity: I’ = 35.67%, H> = 1.55 3
Test of 6= 6; Q(11) = 17.10, p = 0.10 !
Test of group differences: Q»(2) = 0.17, p = 0.92 3
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