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What are the novel findings of this work?  

Previous studies suggest lower rates of preterm birth during the COVID-19 pandemic. In a 

setting with low disease rates and strict restrictions, we followed women from conception and 

found a significant reduction in preterm birth that was driven by lower rates of spontaneous 

prematurity and stronger in women with a previous preterm birth.

What are the clinical implications of this work? 

Women exposed to strict restrictions to mitigate the coronavirus pandemic had lower 

preterm birth rates than women who were not exposed. Such reduction is more substantial 

in women with a previous preterm birth, who are likely to benefit from any potential 

interventions resulting from this observation. 



  

ABSTRACT  

Objectives: To investigate the effect of restriction measures during the COVID-19 

pandemic on pregnancy duration and outcomes. 

Methods: We conducted a before and after study with cohort sampling in three maternity 

hospitals in Melbourne, Australia, including women who were pregnant during the 

COVID-19 pandemic restriction measures (estimated conception between 1 November 

2019 and 29 February 2020) and women who were pregnant before the restrictions 

(estimated conception between 1 November 2018 and 28 February 2019). The primary 

outcome was delivery before 34 weeks’ gestation or stillbirth. The main secondary 

outcome was a composite of adverse perinatal outcomes. Pregnancy outcomes were 

compared between the groups using chi-squared tests and modified Poisson regression 

models, and pregnancy duration was compared between the groups using and survival 

analysis.  

Results: There were 3150 exposed women and 3175 women in the control group. Preterm 

birth before 34 weeks’ gestation or stillbirth occurred in 95 (3.0%) of the pregnancies 

during restrictions and 130 (4.1%) in the control group (Risk ratio (RR) 0.74, 95% CI 

0.57 to 0.96, p = 0.021). The effect was stronger in women with a previous preterm birth 

(RR 0.42, 95% CI 0.21 to 0.82, p = 0.008). The composite adverse perinatal outcome was 

less frequent in the exposed group (2.1% versus 2.9%, RR 0.73, 95% CI 0.54 to 0.99, p 

= 0.042 in all women and 4.5% versus 8.4%, RR 0.54, 95% CI 0.25 to 1.18, p = 0.116 in 

women with a previous preterm birth).  



  

Conclusion: Restrictions to mitigate COVID-19 transmission were associated with 

reduced rates of preterm birth before 34 weeks. This effect was not associated with 

increased stillbirth rates and was stronger in women with previous preterm delivery.  

Keywords: Coronavirus, COVID-19, Pandemic, Restrictions, Lockdown, Preterm birth, 

Pregnancy Outcomes, Pregnancy Duration



  

INTRODUCTION 

About one in ten women worldwide give birth preterm, before 37 completed weeks’ 

gestation. Preterm birth is the single most important perinatal risk factor for infant death 

or long term physical, neurological or intellectual disability.1 This comes at a great 

emotional cost to the parents and is typically very resource intensive for the healthcare 

system.1-3 Despite several well established risk factors,4,5 the aetiology of preterm birth 

remains poorly understood. While treatments including progesterone, aspirin, and 

cervical cerclage or pessary reduce preterm birth in high-risk groups, overall preterm birth 

rates continue to increase worldwide.6 

The novel coronavirus disease (COVID-19) pandemic and the resulting public health 

response have disrupted life around the world. While the effects of severe acute 

respiratory syndrome coronavirus 2 (SARS-CoV-2) itself on pregnant women remain 

uncertain,7,8 restriction measures to reduce SARS-CoV-2 transmission have been 

unexpectedly associated with a fall in preterm birth rates in some studies.9-12 However, 

these early studies had a cross-sectional design, with the denominator being the number 

of women who gave birth in different time periods. This approach is at risk of providing 

biased estimates by selecting participants based on an event (birth) that occurs after the 

exposure, potentially not including women who have not yet delivered. Early studies also 

did not report how the timing of restrictions relative to pregnancy trimester altered 

outcomes, or whether reductions in preterm birth varied by a priori risk for preterm 

delivery. 

In 2020, the five million residents of greater Melbourne, Australia, were exposed to one 

of the longest and most severe regime of restriction measures faced by any population 

around the world, imposed to reduce SARS-CoV-2 transmission.13 In the context of low 



  

COVID-19 rates (Victorian state positivity rate of 0.18% and a maximum of 687 cases in 

one day),14 this “societal experiment” provides a unique opportunity to assess the impact 

of these measures on preterm birth rates. We aimed to compare pregnancy duration and 

outcomes of a cohort of women who were pregnant when restrictions to reduce COVID-

19 transmission were in place to those of a similar historical cohort.  

 



  

METHODS 

Setting and Population 

We performed a cohort study at Monash Health, in Melbourne, Australia, a health service 

providing care for women and children across three (two secondary and one tertiary) 

maternity hospitals. The three maternities provide, in total, care to an average of 10,000 

pregnant women per year. Data were extracted from the three maternities’ common birth 

registry (Birthing Outcomes System® (BOS), version 6.04, Management Consultants and 

Technology Services, Caulfield, Victoria, Australia). Ethical approval was obtained from 

the Monash Health Human Research Ethics Committee (approval number 

QA/69113/MonH-2020-235157), and findings are reported following the “Strengthening 

the Reporting of Observational studies in Epidemiology” (STROBE) statement for cohort 

studies.15 

Consecutive pregnant women who conceived between 1 November 2019 and 29 February 

2020 or between 1 November 2018 and 28 February 2019 and gave birth after 20 weeks’ 

gestation were included. Women whose pregnancies were complicated by a major fetal 

abnormality (defined as structural or chromosomal abnormality that has significant 

medical, social or cosmetic consequences for the affected individual) were excluded from 

analyses. Follow up was limited to maternal and neonatal discharge from hospital. 

Pregnancy details were entered during antenatal care or immediately after birth by 

attending health professionals, while neonatal data were entered at discharge of the 

neonate. We registered maternal baseline and pregnancy characteristics (age, weight, 

height, body mass index (BMI), country of origin, marital status, smoking status, number 

of fetuses, history of chronic hypertension) and obstetric history (parity, previous history 



  

of preterm birth, prior caesarean delivery), as well as maternal and perinatal outcomes, 

including mode of delivery and the occurrence of pregnancy and neonatal complications. 

 

Exposure 

To investigate the effect of restrictions measures taken to mitigate COVID-19 

transmission on pregnancy duration and outcomes, women exposed to restrictions were 

compared to women who were pregnant during the same time the year prior, and therefore 

unexposed to restrictions. Women who conceived between 1 November 2019 and 29 

February 2020 were considered the exposed group. The control group were women who 

conceived in the same months of the previous year, between 1 November 2018 and 28 

February 2019. The estimated conception date was calculated based on the gestational 

age as defined by the first day of the last normal menstrual period, or by first trimester 

crown-rump length measurement when the difference between the gestational age given 

by this method differed from that according to the last period by more than seven days 

(in accordance with the Institution’s protocol).  

A first mild set of restrictions had been in place for 11 weeks between 16 March 2020 

and 31 May 2020, limiting gatherings to a maximum of ten people and dining to take 

away only, and forbidding at-home visiting.13 Since 9 July 2020, stricter restriction 

measures were implemented, including forbiddance of travelling and gatherings of more 

than two persons who did not live in the same household, school and non-essential 

businesses closures, allowance to leave the house only for shopping for food and essential 

items (within five kilometres from home), care and caregiving, daily exercise (of no more 

than one hour) and essential work. In the second half of July, facial mask wearing became 

compulsory and, on 2 August 2020, a curfew between 8:00 pm and 5:00 am was 



  

implemented.13,16 Fertility clinics reduced provision of services for a short period of three 

weeks in July. The daily number of new cases and a timeline of restriction measures in 

Melbourne are shown in Supplementary Figure 1. The lockdown in Victoria reached a 

stringency index of 92.6/100 for more than one month.14 

 

Outcome measures 

The primary outcome of the study was preterm birth before 34 weeks’ gestation  due to 

any cause or stillbirth at any gestation. The cut-off chosen was 34 weeks because this 

reflects the more clinically relevant prematurity. In women with multiple pregnancies, 

the primary outcome was considered present if death of at least one fetus occurred. 

The main secondary outcome was a composite of adverse perinatal outcome including at 

least one of the following: stillbirth, Apgar score ≤ 4 at five minutes of age, severe 

respiratory distress syndrome (RDS) requiring endotracheal intubation, intraventricular 

haemorrhage (IVH) grade III or IV, occurrence of neonatal seizures, culture-positive 

neonatal sepsis, retinopathy of prematurity requiring treatment, necrotising enterocolitis 

(NEC), chronic lung disease or in-hospital neonatal death. RDS, IVH and NEC were 

defined according to previously described classifications,17-19 and chronic lung disease 

was defined as the need for supplemental oxygen or any form of respiratory support at 36 

weeks of corrected gestational age.20  

Other secondary outcomes were preterm birth rates, subdivided into medically-indicated 

(induced labour or antepartum caesarean delivery) and preterm birth following 

spontaneous onset of labour < 28, < 34 and < 37 weeks, preterm premature rupture of 

membranes, administration of antenatal maternal corticosteroids for fetal lung 



  

maturation, mode of delivery (spontaneous vaginal, instrumental or caesarean birth), 

presumed chorioamnionitis (maternal temperature ≥ 37.8oC before birth, accompanied by 

at least one of abdominal pain, maternal tachycardia ≥ 100 beats per minute, sustained 

fetal tachycardia > 160 beats per minute or offensive vaginal discharge), maternal 

complications (gestational hypertension, pre-eclampsia, eclampsia, HELLP (Haemolysis, 

Elevated Liver Enzymes, Low Platelets) syndrome, gestational diabetes, obstetric 

cholestasis, or maternal death. We also report individual components of the composite 

adverse perinatal outcome, admission to neonatal intensive care unit (NICU) or special 

care unit (SCN), length of stay following admission to NICU, birthweight and birthweight 

percentile according to routinely used Australian neonatal growth charts.21 

 

Statistical analyses 

Normally distributed continuous variables are presented as the mean and standard 

deviation (SD) and compared between the groups with the independent-samples t-test. 

Non-normally distributed continuous variables are presented as median and interquartile 

range (IQR) and compared between the groups with the Wilcoxon rank-sum test. 

Normality of the distributions was assessed by inspection of histograms and quantile-

quantile plots. Categorical variables are presented as absolute numbers and proportions 

and compared between the group with the chi-squared or the Fisher’s Exact test, as 

appropriate. Effect estimates are reported as risk ratios of the exposed compared to 

controls and 95% CI. Generalized linear models with Poisson family, log link function 

and robust variance estimation22 were used to obtain crude and adjusted estimates of the 

relative risk of exposure on the primary outcome, controlling for maternal age, BMI, 

smoking status, parity and fetal sex (variables known to be associated with the risk of 



  

preterm birth and stillbirth)1,4,23,24 and other significant imbalances in baseline 

characteristics between the groups. Quadratic terms for age and BMI and interaction 

terms between exposure and age, BMI, smoking status, fetal sex and other baseline 

differences were tested and kept in the model if statistically significant. 

To evaluate the effect of restrictions on pregnancy duration, time-to-birth was evaluated 

through Kaplan-Meier survival estimates. A Cox regression model with censoring of live 

births at or after 37 weeks was used to estimate the hazard ratio (HR) of preterm birth or 

stillbirth among the exposed compared to controls with 95% CI. Proportionality of 

hazards was assessed by testing the Schoenfeld residuals. To evaluate the separate effect 

on spontaneous and on medically-indicated prematurity, we used competing risks 

regression treating the alternative cause of preterm birth as a competing event and 

censoring deliveries at or after 37 weeks’ gestation to obtain the subdistribution HR of 

the exposed compared to controls.  

Subgroup analyses were conducted with separate analyses within subgroups and 

inclusion of interaction terms in the models to assess significance for women with 

singleton and multiple pregnancies, and those who were nulliparous, parous with previous 

term birth and parous with previous preterm birth. To evaluate the impact of timing of 

restrictions, we also performed subgroup analyses per month of conception: those who 

conceived in November 2019 were between 33+4 and 37+5 weeks, those who conceived 

in December 2019 were between 29+1 and 33+4 weeks, those who conceived in January 

2020 were between 24+5 and 29+0 weeks, and those who conceived in February 2020 were 

between 20+4 and 24+4 weeks at the implementation of the second set of restrictions.  

Data were missing for BMI from 62 women (1.0%) and for previous pregnancy details 

from 15 of 3725 parous women (0.4%), and these cases were excluded from multivariable 



  

models and subgroup analyses, respectively. Data were complete for all other variables. 

Due to the opportunistic character of our study, calculation of a formal sample size was 

not appropriate. However, a sample size of 3000 women per arm would allow us to 

demonstrate or refute a 30% reduction in the primary outcome from 4.6% (based on 

historical data) to 3.2% with 80% power, at an alpha level of 5%. Given the choice of a 

clear primary outcome, analyses of secondary outcomes were considered exploratory and 

no adjustments for multiple comparisons were made. Statistical analyses were conducted 

with the statistical package Stata (StataCorp. 2019. Stata Statistical Software: Release 16. 

College Station, TX: StataCorp LLC), and two-sided p-values below 0.05 were 

considered statistically significant.  

 



  

RESULTS 

Overall, 6494 women were included, of whom 3222 conceived between 1 November 

2019 and 29 February 2020 and 3272 between 1 November 2018 and 28 February 2019. 

After excluding women with pregnancies complicated by major fetal anomalies (72 

(2.2%) in the exposed group; 97 (3.0%) in the control group), 6325 women were included 

in the final analysis: 3150 women giving birth to 3210 neonates in the exposed group, 

and 3175 women giving birth to 3257 neonates in the control group (Figure 1).  

There were no significant differences between the groups regarding maternal age, 

smoking rates, region of birth, rates of nulliparity, chronic hypertension or multiple 

pregnancies (Table 1). Exposed women had a significantly higher median BMI at booking 

(25.6 Kg/m2 versus 25.1 Kg/m2, median difference 0.5 Kg/m2, p = 0.045), and were more 

likely to be single or divorced (13.6% versus 11.5%, p = 0.011). The rates of previous 

term (89.5% versus 89.2%) and of previous preterm birth (10.5% versus 10.8%) among 

parous women were also similar between the groups.  

Pregnancy outcomes are summarised in Table 2. The primary outcome, birth before 34 

weeks or stillbirth, occurred in 95 women (3.0%) in the exposed group and 130 women 

(4.1%) in the control group (RR 0.74, 95% CI 0.57 to 0.96, p = 0.021). Preterm birth < 

34 weeks occurred in 2.4% of the women in the exposed group and 3.4% of the women 

in the control group (RR 0.71, 95% CI 0.53 to 0.95, p = 0.022), and there were comparable 

stillbirth rates between the groups (0.7% versus 0.9%, RR 0.83, 95% CI 0.48 to 1.44, p = 

0.515). Survival analysis revealed a significant difference between the groups in terms of 

time-to-birth (HR 0.81 (95% CI 0.69 – 0.95), p = 0.008; no evidence of violation of the 

assumption of proportional hazards (test of Schoenfeld residuals p = 0.447), Figure 2). 

Competing risks regression (Supplementary Figure 2) shows that the effect on 



  

spontaneous preterm birth was stronger and started earlier (subdistribution HR 0.81, 95% 

CI 0.64 to 1.03, p = 0.087) than the effect on medically-indicated preterm birth 

(subdistribution HR 0.89, 95% CI 0.70 to 1.12, p = 0.305). Among referred women, the 

primary outcome occurred in 26/90 (28.9%) in the exposed group, and 45/166 (27.1%) in 

the control group (RR 1.07, 95% CI 0.71 to 1.60, p = 0.761). Analysis excluding referred 

cases demonstrated lower event rates but similar estimates (2.3% versus 2.8%, RR 0.80, 

95% CI 0.58 to 1.09, p = 0.158). No significant statistical interaction was present between 

exposure and maternal age, BMI, smoking status, marital status, parity or fetal sex. 

Regression analysis showed that the adjusted effect of the exposure on the outcome 

controlling for these variables (aRR 0.74, 95% CI 0.56 to 0.97, p = 0.029) was unchanged 

compared to the crude estimate (RR 0.74, 95% CI 0.56 to 0.96, p = 0.021). 

In addition to lower rates of preterm birth, exploratory analyses of secondary outcomes 

indicated that exposed women had higher rates of gestational hypertension (3.3% versus 

1.9%, RR 1.73, 95% CI 1.27 to 2.75, p < 0.001), gestational diabetes mellitus (26.5% 

versus 23.5%, RR 1.13, 95% CI 1.04 to 1.23, p = 0.005) and a trend towards caesarean 

section for non-progressive labour (7.0% versus 5.8%, RR 1.20, 95% CI 0.99 to 1.45, p 

= 0.060). The rates of other pregnancy complications, such as premature rupture of the 

membranes, pre-eclampsia, and obstetric cholestasis, were comparable between the 

groups (Table 2).  

Perinatal outcomes are summarised in Table 3. The composite adverse perinatal outcome 

occurred less in the exposed group than in the control group (2.1% versus 2.9%, RR 0.73, 

95% CI 0.54 to 0.99, p = 0.042). Similarly, neonates born to women during restrictions 

were less likely to have a birthweight of 1500 g or less (1.5% versus 2.4%, RR 0.62, 95% 

CI 0.43 to 0.88, p = 0.007) or be admitted to the NICU for more than 48 hours (3.4% 



  

versus 4.8%, RR 0.71, 95% CI 0.56 to 0.90, p = 0.005), with an eight-day shorter median 

length of stay (14 versus 22 days, p = 0.068). The rates of stillbirth were similar between 

the groups. The median gestational age at birth did not differ significantly between the 

groups in pregnancies affected by pre-eclampsia and in those that resulted in a neonate 

below the 3rd percentile for gestational age (37.6 versus 37.3 weeks, p = 0.285; and 38.3 

versus 38.1 weeks, p = 0.754, respectively), indicating no delay in delivery of complicated 

pregnancies. The improvement in perinatal outcomes was more evident among neonates 

born between 34 and 37 weeks’ gestation (Supplementary Table 1). 

 

Subgroup analyses 

Subgroup analyses (Figure 3) indicated that the effect of restriction measures on 

prematurity was more substantial in women with a previous preterm birth (RR 0.42, 95% 

CI 0.21 to 0.82, p = 0.008), while no effect was seen in parous women without a previous 

preterm birth (RR 0.93, 95% CI 0.63 to 1.38, p = 0.714) (p-value for interaction = 0.044). 

The effect did not differ significantly between women with singleton and multiple 

pregnancies (p-value for interaction = 0.937).   

Among women with a previous preterm birth, the composite adverse perinatal outcome 

occurred in 4.5% in the exposed group and in 8.4% in the control group (RR 0.54, 95% 

CI 0.25 to 1.18, p = 0.116). Supplementary Table 2 shows the baseline characteristics of 

pregnant women with a previous preterm birth, and Supplementary Tables 3 and 4 

summarise their pregnancy and perinatal outcomes, respectively. The reduction in 

preterm birth was also more evident among women who conceived in November 2019 

and those who conceived in February 2020 (Supplementary Figure 3). The magnitude of 

effect on the primary outcome was smaller in the tertiary setting (RR 0.77, 95% CI 0.59 



  

to 1.01, p = 0.062) than in the two secondary hospitals (RR 0.60, 95% CI 0.29 to 1.28, p 

= 0.182).  

 



  

DISCUSSION 

Main findings 

We found a lower risk of preterm birth in pregnant women exposed to restrictions 

implemented to mitigate COVID-19 transmission compared to those who were not 

exposed to the same restrictions. This resulted in better perinatal outcomes: neonates born 

to exposed women experienced less adverse outcomes and shorter hospital admission, 

likely reflecting the lower prematurity rates. The reduction in prematurity was strongest 

in women with a previous preterm birth and, importantly, was neither at the expense of 

delayed delivery in cases of pregnancy complications, nor associated with an increased 

risk of stillbirth.  

 

Strengths and limitations 

Unlike previous reports, this study followed women from pregnancy conception to birth 

to understand the effect of restriction measures on pregnancy duration. Strengths of this 

study include the large sample size with a consistent and standardised collection of all 

birthing data. This is the first study to evaluate the effect of restrictions on obstetric 

outcomes using time-to-event analysis and including women according to the conception 

rather than delivery date. We also investigated the impact of restrictions on different types 

of preterm birth (spontaneous or medically-indicated), on different subgroups according 

to obstetric history, and on other adverse perinatal outcomes that may counterbalance an 

apparently beneficial effect. Stillbirth is considered a worse outcome than preterm 

delivery, hence it would be inappropriate to consider stillbirth in the absence of 

prematurity a success.25 



  

The study’s limitations include its observational nature and the inherent possibility of 

unmeasured confounding. We did not have specific information on conception by fertility 

treatments, on other interventions to prevent preterm birth such as cervical cerclage or 

progesterone use, or on patterns of referral from other hospitals. Our findings may also 

not be generalisable to other settings with less stringent restrictions, and it is not possible 

to completely account for potential seasonal or random variations on obstetric outcomes, 

or for the time-varying nature of the exposure. We also acknowledge that including only 

women who reached 20 weeks, whilst minimizing immortal time bias when investigating 

preterm birth, may introduce some degree of selection bias by excluding pregnancies with 

risk factors for preterm birth. The effect is, however, likely to be similar in both groups. 

The reduction in referrals of women with high-risk pregnancies from other hospitals may 

also be responsible for the lower rates of prematurity observed, possibly reflecting lower 

prematurity rates in the entire state.  

 

Interpretation 

Not all reports have associated restriction measures for COVID-19 mitigation with 

changes in preterm birth rates.26 A study from Ireland showed a four-fold reduction in 

very low birthweight infants during restrictions,10 and a population-wide study from 

Denmark demonstrated a 90% reduction in the rates of extremely preterm birth before 28 

weeks’ gestation.9 Reductions in prematurity were also observed in the Netherlands,11 the 

United States27 and Australia.12 Other studies including a recent meta-analysis, however, 

could not confirm lower preterm birth28,29 or NICU admission rates during restrictions in 

17 countries,30 and a report from the United Kingdom even suggested an increase in the 

rates of stillbirth.31  



  

There are several reasons why the findings of these reports may differ. First, differences 

in previous studies’ results may be due to varying stringency of restrictions adopted in 

different settings, as well as differences in ascertaining gestational age.26 Second, 

previous studies mostly included women based on delivery date, which occurs after 

exposure, potentially not including women who conceived at a similar period but have 

not yet given birth. Previous reports also did not differentiate between medically-

indicated and spontaneous preterm birth, nor did they comment on the effect of 

restrictions in subgroups according to obstetric history. A reduction in preterm birth alone 

may represent the harmful effect of restrictions in delaying births that would have been 

indicated prematurely due to diagnosed pregnancy complications such as pre-eclampsia 

and fetal growth restriction. Hence, we followed women from conception, and included 

stillbirth as a measure of possible harm in the primary outcome. Although changes in 

lifestyle and delayed diagnosis of pregnancy complications are not mutually-exclusive 

hypotheses, the changes seen are mainly driven by a reduction in spontaneous prematurity 

which, together with similar rates of stillbirth and small infants, weaken the plausibility 

of undiagnosed pregnancy complications being the main cause of the observed effect. 

The similar gestational age distributions at birth in pregnancies with pre-eclampsia or an 

SGA infant is also reassuring.  

The COVID-19 pandemic led to many different lifestyle changes including the cessation 

of many women working, an increased focus on hygiene and less contact with the broader 

community resulting in fewer infections of not only COVID-19 but also other common 

pathogens.32,33 Other contributing factors that may be less physical stress and less 

exposure to air pollution, indicated by a decrease in air pollutants after the implementation 

of restrictions.34 Furthermore, it is likely that any potential interventions resulting from 



  

this observation will be beneficial to high-risk women, such as those with a previous 

preterm birth, but not to parous women with previous term babies. The increase in BMI 

may have contributed to the increased pregnancy duration and higher rates of gestational 

diabetes, while the increased rate of gestational hypertension is likely a consequence of 

shift in gestational age distribution during the restrictions period.  

Although the difference seen may be partly explained by a slightly lower rate of multiple 

gestations, a significant risk factor for preterm birth,35 subgroup analyses demonstrated 

stable estimates in singleton and multiple pregnancies. The effect was stronger in women 

with a previous preterm birth, and more evident among women who conceived in 

February 2020 (exposed to the implementation of the second set of restrictions at 20 to 

24 weeks) and, to a lesser degree, in those who conceived in November 2019 (exposed to 

the implementation of the first milder set of restrictions at 17 to 21 weeks) suggesting 

that the second trimester of pregnancy is the most susceptible to a possible benefit of 

restrictions as compared to exposure later in pregnancy. Although we investigated the 

sensitivity window with subgroup analyses per month of conception, the exact gestational 

age window at which women are most susceptible to the effects of restrictions remains 

unclear and may be difficult to address in “natural experiments”.  

In light of our findings and the accumulating evidence from around the world, the 

changed behaviour of women during the pandemic appears to be related to fewer preterm 

births. The association between maternal work-related activity and preterm birth is 

controversial; studies are often conflicting and of low quality, though a modest 

relationship is generally found.36 Given that during the pandemic up to one million people 

lost their jobs in Australia and many others began working from home, maternal workload 

reduction should be considered a potential factor in the decreased prematurity rates.37 



  

Weight gain and reductions in physical activity may also play a role in pregnancy 

prolongation. Air pollution has also been documented in several large studies and meta-

analyses as being implicated in preterm birth.38 Reduced oxidative stress and a systemic 

inflammatory response are the suggested reasons why this may be the case, and could 

also explain why reduced infection rates could potentially protect against preterm birth.5 

However, the precise underlying mechanism by which restriction measures may reduce 

prematurity risk is still unclear, and we are not able to draw mechanistic conclusions from 

our data. Such knowledge could have significant implications, and further research is 

needed to establish causative factors that might drive preventative strategies, particularly 

in high-risk women. 

In summary, pregnant women exposed to strict restrictions to mitigate the coronavirus 

pandemic had lower rates of preterm birth than women who were not exposed. Such 

reduction is mainly due to lower rates of spontaneous prematurity and more substantial 

in women with a previous preterm birth.   
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FIGURE LEGENDS 

 

Figure 1. Flow chart of participants in the cohort study.  
 
Figure 2. Distribution of gestational age at birth in the groups exposed to restrictions measures 
to mitigate COVID-19 transmission (red) and controls (blue).  
A) Entire population. Hazard ratio for preterm birth or stillbirth among the exposed compared 
to controls derived with a Cox regression model: 0.81 (95% CI 0.69 to 0.95), p = 0.008. Test 
for proportional hazards: Chi-squared statistic1df = 0.58, p-value = 0.447.  
B) Women with previous preterm birth.  
 
Figure 3. Forest plot representing the effect of restrictions on the primary outcome (preterm 
birth before 34 weeks’ gestation or stillbirth) in subgroups of women according to plurality and 
previous history of preterm birth. CI: Confidence interval; PTB: preterm birth.  
 
Supplementary Figure 1. A) Daily number of new COVID-19 cases in Melbourne, Australia. 
B) Timeline of restriction measures during the COVID-19 pandemic in Melbourne, Australia.  
 
Supplementary Figure 2.  
Bottom curves: Cumulative incidence of spontaneous birth (bottom curves) in the exposed 
group (red) and the control group (light blue), derived with competing risks regression with 
censoring of deliveries at term and treating stillbirths and medically-indicated preterm births 
as competing events (subdistribution Hazard Ratio: HR 0.81, 95% CI 0.64 to 1.03, p = 0.087).  
Top curves: occurrence of medically-indicated birth (given as 1 – cumulative incidence 
function) in the exposed group (red) and the control group (blue), derived with competing risks 
regression with censoring of deliveries at term and treating stillbirths and spontaneous preterm 
births as competing events (subdistribution HR 0.89, 95% CI 0.70 to 1.12, p = 0.305). 
sHR: subdistribution Hazard Ratio. 
 
Supplementary Figure 3. Time-to-birth analysis per month of conception. The red curves 
represent the exposed group, and the blue curves represent the control group. A: November 
(Log-rank test p-value = 0.422); B: December (p-value = 0.987); C: January (p-value = 0.987); 
D: February (p-value = 0.159). The green and blue bars at the top of each figure represent the 
duration of the first and the second sets of restrictions, respectively. The black lines indicate 
the start of the set of restriction measures.  
 



  

TABLES 

Table 1. Characteristics of the study population. 

 Exposed group 
n = 3150 

Control group  
n = 3175 p-value 

Age at conception in years, mean (SD) 30.9 (5.1) 30.9 (5.1) 0.686 
Weight in Kg, median (IQR) 67.0 (58.0 – 79.0) 66.0 (58.0 – 78.0) 0.152 
Height in cm, mean (SD) 162.3 (7.1) 162.5 (6.8) 0.234 
BMI in Kg/m2, median (IQR) 25.6 (22.4 – 29.7) 25.1 (22.3 – 29.2) 0.045 
Smoking in pregnancy, n(%) 172 (5.5)  153 (4.8) 0.248 
Region of birth    

Australia / New Zealand, n (%) 1358 (43.1) 1393 (43.9) 

0.482 

Central / South Asia, n (%) 954 (30.2) 902 (28.4) 
Southeast / East Asia, n (%) 462 (14.7) 503 (15.8) 
Pacific Islands, n (%)  47 (1.5) 39 (1.2) 
Europe / Middle East, n (%) 164 (5.2) 187 (5.9) 
North / Central America, n (%) 18 (0.6) 18 (0.6) 
South America, n (%) 16 (0.5) 15 (0.5) 
Africa, n (%) 131 (4.2) 118 (3.7) 

Marital status    
Married / De Facto, n (%) 2722 (86.4) 2811 (88.5) 

0.011 
Single / Divorced, n (%) 428 (13.6) 364 (11.5) 

Pre-existing hypertension 41 (1.3) 56 (1.8) 0.135 
Nulliparous, n (%) 1280 (40.6) 1320 (41.6) 

0.447 
Parous 1870 (59.4) 1855 (58.4) 

Previous Term Birth       1667 / 1862  (89.5) 1654 / 1848 (89.2) 
0.730 

Previous Preterm Birth       195 / 1862 (10.5) 200 / 1848 (10.8) 
Previous Medically-indicated PTB       100 / 1862 (5.4) 97 / 1848 (5.2) 0.869 
Previous Spontaneous PTB       95 / 1862 (5.1) 103 / 1848 (5.6) 0.523 

Previous Caesarean Section 544 / 1870 (29.1) 508 / 1855  (27.4) 0.227 
Referred from other hospitals 90 (2.9) 166 (5.2) < 0.001 
Multiple pregnancy, n (%) 60 (1.9) 81 (2.6) 0.082 

SD: Standard deviation. IQR: Interquartile Range. BMI: Body Mass Index. PTB: Preterm Birth.   
BMI missing in 62 women (1.0%).  
Previous pregnancies details missing in 15 of 3725 parous women (0.4%). 



  

Table 2. Comparison of pregnancy outcomes between women who conceived between 1 November 2019 and 29 February 2020 (exposed to 
restrictions during pregnancy) and women who conceived between 1 November 2018 and 28 February 2019 (not exposed to restrictions during 
pregnancy). 

 Exposed group 
n = 3150 

Control group  
n = 3175 

Risk ratio  
(95% CI) p-value 

Primary outcome     
Preterm birth < 34 weeks or stillbirth 95 (3.0) 130 (4.1) 0.74 (0.57 – 0.96) 0.021 

     
Secondary outcomes     

Preterm birth < 37 weeks* 252 / 3129 (8.1) 298 / 3154 (9.4) 0.85 (0.73 – 1.00) 0.051 
                        Spontaneous 118 (3.8) 146 (4.6) 0.81 (0.64 – 1.03) 0.090 
                        Medically-indicated 134 (4.3) 152 (4.8) 0.89 (0.71 – 1.11) 0.308 

Preterm birth < 34 weeks* 75 / 3129 (2.4) 106 / 3154 (3.4) 0.71 (0.53 – 0.95) 0.022 
            Spontaneous 39 (1.2) 61 (1.9) 0.64 (0.43 – 0.96) 0.029 

Medically-indicated 36 (1.2) 45 (1.4) 0.78 (0.52 – 1.25) 0.332 
Preterm birth < 28 weeks 17 / 3129 (0.5) 24 / 3154 (0.8) 0.71 (0.38 – 1.33) 0.284 
            Spontaneous 11 (0.4) 20 (0.6) 0.55 (0.27 – 1.16) 0.110 

Medically-indicated 6 (0.2) 4 (0.1) 1.51 (0.43 – 5.35) 0.519 
Preterm premature rupture of the membranes 111 (3.5) 118 (3.7) 0.95 (0.74 – 1.22) 0.682 
Presumed chorioamnionitis 16 (0.5) 14 (0.4) 1.15 (0.56 – 2.36) 0.698 
Induction of labour at term 1233 (39.1) 1198 (37.7) 1.04 (0.97 – 1.10) 0.249 

Maternal indication 655 (20.8) 602 (19.0) 1.10 (0.99 – 1.21) 0.068 
Fetal indication 578 (18.3) 596 (18.7) 0.98 (0.88 – 1.08) 0.666 

Spontaneous vaginal delivery 1574 (50.0) 1681 (52.9) 0.94 (0.90 – 0.99) 0.018 
Vaginal instrumental delivery 515 (16.3) 505 (15.9) 1.03 (0.92 – 1.15) 0.631 
Caesarean section 1061 (33.7) 989 (31.1) 1.08 (1.01 – 1.16) 0.031 

Emergency CS suspected fetal distress 275 (8.7) 272 (8.6) 1.02 (0.87 – 1.20) 0.817 
Emergency CS non-progressive labour 220 (7.0) 185 (5.8) 1.20 (0.99 – 1.45) 0.060 
Elective CS 444 (14.1) 428 (13.5) 1.05 (0.92 – 1.18) 0.478 

Use of antenatal corticosteroids 141 (4.5) 171 (5.4) 0.83 (0.67 – 1.03) 0.095 



  

Pre-eclampsia 109 (3.5) 131 (4.1) 0.84 (0.65 – 1.08) 0.166 
Gestational hypertension 105 (3.3) 61 (1.9) 1.73 (1.27 – 2.37) < 0.001 
HELLP syndrome 2 (< 0.1) 4 (0.1) 0.50 (0.09 – 2.75) 0.420 
Eclampsia 0 1 (< 0.1) – – 
Maternal death 0 1 (< 0.1) – 0.322 
Gestational diabetes 835 (26.5) 745 (23.5) 1.13 (1.04 – 1.23) 0.005 
Obstetric cholestasis 32 (1.0) 36 (1.1) 0.90 (0.56 – 1.44) 0.649 

Note: Note: Outcomes are given as absolute numbers and percentage. Pregnancies of fetuses with major abnormalities or that resulted in stillbirths excluded from analysis of 
the other neonatal outcomes.  
BMI: Body Mass Index. CS: Caesarean Section. HELLP: Haemolysis, Elevated Liver enzymes, Low Platelets. 
* Denominator of the rates of preterm birth is the number of pregnancies that resulted in at least one live birth (3129 in the exposed group and 3154 in the control group). 



  

Table 3. Comparison of neonatal outcomes between infants born to women who conceived from 1 November 2019 to 29 February 2020 
(exposed to restrictions during pregnancy) and those born to women who conceived from 1 November 2018 to 28 February 2019 (not exposed 
to restrictions during pregnancy). 

 Exposed group 
n = 3210 neonates 

Control group 
n = 3257 neonates 

Risk ratio  
(95% CI) p-value 

Composite adverse perinatal outcome 69 (2.1) 96 (2.9) 0.73 (0.54 – 0.99) 0.042 
           Stillbirth 23 (0.7) 28 (0.9) 0.83 (0.48 – 1.44) 0.515 
                
Admission to NICU or SCN* 510 (16.0) 552 (17.1) 0.94 (0.84 – 1.04) 0.239 
NICU admission > 48 hours* 108  (3.4) 154 (4.8) 0.71 (0.56 – 0.90) 0.005 
Birthweight*     

Birthweight < 10th percentile 322 (10.1) 336 (10.4) 0.97 (0.84 – 1.12) 0.690 
Birthweight < 3rd percentile 78 (2.4) 62 (1.9) 1.27 (0.92 – 1.77) 0.148 
Birthweight < 2500 g 281 (8.8) 328 (10.2) 0.87 (0.75 – 1.01) 0.067 
Birthweight < 1500 g 48 (1.5) 79 (2.4) 0.62 (0.43 – 0.88) 0.007 

Neonatal morbidity and mortality*     
Apgar score ≤ 4 at 5 minutes 11 (0.3) 21 (0.7) 0.53 (0.26 – 1.10) 0.083 
Respiratory distress syndrome requiring intubation 31 (1.0) 34 (1.1) 0.92 (0.57 – 1.50) 0.748 
Intraventricular haemorrhage grade III or IV 7 (0.2) 3 (< 0.1) 2.36 (0.61 – 9.13) 0.198 
Neonatal seizures 3 (< 0.1) 5 (0.2) 0.61 (0.15 – 2.54) 0.491 
Culture-positive neonatal sepsis 9 (0.3) 16 (0.5) 0.57 (0.25 – 1.29) 0.171 
Retinopathy of prematurity requiring treatment 4 (0.1) 2 (< 0.1) 2.03 (0.37 – 11.1) 0.405 
Necrotising enterocolitis  2 (< 0.1) 7 (0.2) 0.29 (0.06 – 1.39) 0.099 
Chronic lung disease 15 (0.5) 26 (0.8) 0.58 (0.31 – 1.10) 0.093 
Neonatal death 11 (0.3) 9 (0.3) 1.24 (0.51 – 2.98) 0.633 
Note: Note: Outcomes are given as absolute numbers and percentage. NICU: Neonatal intensive care unit; SCN: Special scare nursery. 
* Estimates of neonatal morbidity and mortality are calculated among neonates born alive (3187 in the exposed group and 3229 in control group). 
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