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ABSTRACT
Objective  Preterm birth is the leading cause of child 
morbidity and mortality globally. We aimed to determine 
the impact of the COVID-19 mitigation measures 
implemented in China on 23 January 2020 on the 
incidence of preterm birth in our institution.
Design  Logistic regression analysis was used to 
investigate the association between the national COVID-19 
mitigation measures implemented in China and the 
incidence of preterm birth.
Setting  Shanghai First Maternity and Infant Hospital, 
Shanghai China.
Participants  All singleton deliveries abstracted from 
electronic medical record between 1 January 2014 to 31 
December 2020.
Main outcome measures  Preterm birth rate.
Results  Data on 164 107 singleton deliveries were 
available. COVID-19 mitigation measures were consistently 
associated with significant reductions in preterm birth in 
the 2-month, 3-month, 4-month, 5-month time windows 
after implementation (+2 months, OR 0.80, 95% CI 0.69 
to 0.94; +3 months, OR 0.83, 95% CI 0.73 to 0.94; +4 
months, OR 0.82, 95% CI 0.73 to 0.92; +5 months, OR 
0.84, 95% CI 0.76 to 0.93). These reductions in preterm 
birth were obvious across various degrees of prematurity, 
but were statistically significant only in moderate-to-late 
preterm birth (32 complete weeks to 36 weeks and 6 
days) subgroup. The preterm birth difference disappeared 
gradually after various restrictions were removed (7th–
12th month of 2020, OR 1.02, 95% CI 0.94 to 1.11). There 
was no difference in stillbirth rate across the study time 
window.
Conclusion  Substantial decreases in preterm birth rates 
were observed following implementation of the national 
COVID-19 mitigation measures in China. Further study 
is warranted to explore the underlying mechanisms 
associated with this observation.

INTRODUCTION
Wuhan, China, the first place to report 
COVID-19 contagious disease, was placed in 
lockdown status on 23 January 2020 by the 
Chinese government. The whole country 
then entered level 1 emergency. Measures 
were taken to prevent the spread of infection 
and mitigate its population flow and contact. 
The COVID-19 pandemic, the intensity and 
immediacy of the policy responses were 

having an unprecedented impact on medical 
services and public society. China was the first 
country to experience the pandemic and take 
the strict comprehensive mitigation meas-
ures, however, daily life in China returned 
to normal by 18 May 2020 when schools and 

WHAT IS ALREADY KNOWN?
	⇒ We are aware of several studies, mostly originating 
from high-income countries, that explore the associ-
ation of lockdowns implemented in response to the 
COVID-19 pandemic and rates of preterm birth or 
low birth weight.

	⇒ The conclusions from these studies were conflict-
ing, those suggesting that lockdown was associated 
with decreased rates of preterm birth or low birth 
weight and those that conclude it was not.

	⇒ COVID-19 mitigation measures have been im-
plemented by different countries with substan-
tial variation in timing, content, strictness and 
comprehensiveness.

WHAT ARE THE NEW FINDINGS?
	⇒ China was the first country to experience the pan-
demic and take the strict comprehensive mitigation 
measures, however, daily life in Shanghai, China re-
turned to normal by 18 May 2020.

	⇒ The mitigation time window provides a unique op-
portunity to evaluate their effects on preterm.

	⇒ In this large study with 164 107 singleton births, 
substantial reductions in preterm births were ob-
served following implementation of the national 
COVID-19 mitigation measures in China.

	⇒ The reductions in preterm birth disappeared after 
daily life and work returned back to normal.

WHAT DO THE NEW FINDINGS IMPLY?
	⇒ Our study progressed substantially from earlier 
studies that we also had the preterm information 
after the mitigation measures when life and work 
was back to normal in Chinese population, thus 
strengthening causal interpretation of the observed 
association between the COVID-19 mitigation mea-
sures and decreased preterm birth rates, which may 
in turn provide an opportunity to identify novel pre-
ventive strategies for preterm birth.

	⇒ Such efforts could provide new opportunities for 
preterm birth prevention with substantial implica-
tions on global perinatal and public health.

http://gh.bmj.com/
http://crossmark.crossref.org/dialog/?doi=10.1136/bmjgh-2021-006359&domain=pdf&date_stamp=2022-06-30
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childcare facilities, restaurant and entertainment places 
were reopened.1 The mitigation time window provides 
a unique opportunity to evaluate their effects on some 
obstetric issues such as preterm birth as a natural exper-
iment.

WHO has estimated >1 in 10 births is preterm. While 
Asian individuals have a relatively low incidence of 
preterm birth, China still has the second largest absolute 
number of preterm births in the world.2 Preterm birth 
is the primary contributor to perinatal morbidity and 
mortality. Additionally, preterm birth survivors and their 
families frequently withstand long-term adverse conse-
quences such as cerebral palsy.3 4 Relatively few cases of 
preterm birth can be prevented using currently available 
strategies because the aetiology of spontaneous preterm 
birth is multifactorial.5

Both Denmark and Ireland studies have provided 
evidence indicating significant reductions in the number 
of extremely preterm and very low birthweight births 
following implementation of national COVID-19 mitiga-
tion measures.6 7 Also, the Netherlands study reported 
the decrease of moderate-to-late preterm incidence.8 
However, the study from Philadelphia, Pennsylvania, 
found no change in preterm birth or stillbirths associated 
with the lockdown.9 COVID-19 mitigation measures have 
been implemented by different countries with substantial 
variation in timing, content, intensity and comprehen-
siveness. Furthermore, various risk factors for preterm 
birth that might be responsive to lockdown measures also 
vary across populations. As such, international data from 
various population are important to further study the 
association between COVID-19 mitigation measures and 
preterm births, to explore differential impact between 
spontaneous and induced preterm deliveries and to iden-
tify the potential underlying mechanisms.

METHODS
Study design and population
We performed logistic regression analysis to investigate 
the association between the national implementation 
of COVID-19 mitigation measures and the incidence of 
preterm birth in Shanghai First Maternity and Infant 
Hospital (SFMIH), Tongji University School of Medicine. 
We examined data from all pregnant women who received 
care at SFMIH from 1 January 2014 to 31 December 
2020. SFMIH is now the largest obstetric care centre in 
Shanghai, as well as in China. According to Shanghai 
guidelines, women with uncomplicated pregnancies are 
offered at least 9–10 antenatal visits, the first one occur-
ring between 8 and 9 weeks of gestation when gestational 
age is determined by ultrasound examination.10

Inclusion criteria for the present study included all 
singleton pregnancy. Multiple births were excluded from 
the analysis due to the more complicated aetiologies 
and increased risk of preterm birth. We also excluded 
infants delivered prior to 24 complete weeks because 
China national perinatal guidelines advise no active 

management for infants of <24 complete weeks. Thus, 
the preterm is defined as birth that occurs after 24 weeks 
and before the completion of 37 gestational weeks. We 
further divided preterm birth into spontaneous preterm 
due to premature parturitional process, and iatrogenic 
preterm because the health of the mother or fetus was at 
risk (eg, with major haemorrhage, hypertension or poor 
fetal growth). Small for gestational age (SGA) and large 
for gestational age (LGA) were defined based on Asian 
sex-specific and gestational age-specific birth weight 
reference curves.11

Data collection and covariates
The information engineer and study group abstracted 
and extracted data from the hospital electronic medical 
records based on criteria set forth on the standardised 
form for data collection.The abstracted information from 
medical records included maternal demographic charac-
teristics, medical and surgical history, obstetric compli-
cations, type of conception (natural or in vitro fertiliza-
tion and embryo transfer assisted), labour and delivery 
summaries, postpartum maternal and neonatal infor-
mation. Based on review of the literature on preterm, 
the following covariates were considered as potential 
confounders: prepregnant body mass index (PPBMI), 
maternal age, education level, insurance status, marriage 
status, conception type, gender of fetus, maternal 
chronic medical conditions and obstetric complications 
including hypertensive disorders, pregestational diabetes 
and gestational diabetes (DM and GDM) and intrahe-
patic cholestasis of pregnancy (ICP).

Statistical analysis
A single large dataset was created with deidentified 
annual data collected from medical records. The 
research group examined data for missing and extreme 
values and logic check. Descriptive statistics included 
numbers and percentages for categoric variables, means 
and SD for continuous variables. We assessed the differ-
ences between two groups using χ2 test for dichotomous 
variables and Student’s t-test for continuous outcomes. 
The association between the national COVID-19 mitiga-
tion measures and the incidence of preterm births was 
studied using logistic regression analysis. In the primary 
analyses, we studied the overall incidence of preterm 
birth (ie, number of neonates born at a gestational age 
of <37 complete weeks). In additional stratified analyses, 
we assessed whether there were differential impact of 
mitigation measures on preterm birth rates according 
to the degree of prematurity: 24 complete weeks to 31 
weeks and 6 days, and 32 complete weeks to 36 weeks and 
6 days. To explore the regression continuity in preterm 
birth incidence, we analysed spontaneous or iatrogenic 
preterm birth separately surrounding the implementa-
tion of mitigation measures.

We assessed six time windows in separate analyses: 1 
month, 2 months, 3 months, 4 months and 5 months after 
dates of implementation (23 January 2020) and the last 
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half year of 2020 when mitigation measures were relaxed 
(from July 2020 to December 2020). We compared the 
period after implementation of the measures in 2020 to 
the exact same time periods in each year preceding the 
COVID-19 pandemic (2014–2019). Logistic regression 
was used to determine the ORs and 95% CIs of preterm 
while adjusting for confounders. Based on review of the 
literature, the following covariates were considered as 
potential confounders or effect modifiers: maternal age, 
PPBMI, education, insurance status, type of conception, 
parity, maternal chronic medical conditions, pregnancy 
complications, gender of fetus. All data were analysed 
with SPSS software (V.22; IBM, Chicago, Illinois, USA). 
A probability value of <0.05 was considered to be statisti-
cally significant.

We used these relatively short time windows to exclude 
other interventions or major impacts and assumed that 
any change observed in preterm birth was due to the 
COVID-19 mitigation measures. Furthermore, we studied 
the preterm incidence when mitigation measures were 
relaxed (from July 2020 to December 2020) to explore 
whether the preterm rates would return to baseline level 
without the influence of the measures.

RESULTS
We abstracted data on 169 073 deliveries. None of these 
women was infected with COVID-19. After excluding 
4937 multiple pregnancies and 29 deliveries prior to 
24 gestational weeks, 164 107 singleton deliveries were 
included in our analysis. More than 99% of the women in 
our research population were of Han ethnicity. Smoking 
or alcohol use was very unusual in this population (data 
not shown). Other demographic baseline and obstetric 
characteristics of the study subjects are shown in table 1. 
The women delivered in 2020 were complicated with 
higher incidences of hypertensive disorders and ICP, but 
lower incidences of diabetes. The early preterm rate (<32 
weeks) was lower in 2020, and more LGA and less SGA 
babies were delivered in this year. Women were more 
likely to undergo caesarean delivery in 2020. While there 
were statistically significant differences between groups 
with regard to BMI, insurance, parity and education, the 
differences were not clinically meaningful because of the 
large sample size.

Online supplemental figure 1 depicts the annual 
trends in preterm birth rates over time (2014–2020). The 
preterm birth rates were generally stable during the study 
period with rates of 5.2%–5.6%. A clear discontinuity of 
preterm rate in the regression lines was observed for the 
COVID-19 mitigation measures introduced on 23 January 
2020 (figure  1). In additional stratified analyses, we 
could determine the discontinuity mainly stemmed from 
spontaneous preterm (figure  1) and moderate-to-late 
preterm birth (32 complete weeks to 36 weeks and 6 days, 
figure  2). The rate of iatrogenic preterm was relatively 
constant surrounding implementation of measures to 
reduce the spread of the virus. Accordingly, the lockdown 

measures were consistently associated with significant 
reductions in preterm birth in the 2-month, 3-month, 
4-month, 5-month time windows after implementation 
(+2 months, OR 0.80, 95% CI 0.69 to 0.94; +3 months, OR 
0.83, 95% CI 0.73 to 0.94; +4 months, OR 0.82, 95% CI 
0.73 to 0.92; +5 months, OR 0.84, 95% CI 0.76 to 0.93, 
table 2). These reductions in preterm births were obvious 
across various degrees of prematurity, but were statisti-
cally significant only in moderate-to-late preterm birth 
(32 complete weeks to 36 weeks and 6 days) subgroup 
(table  2). The preterm difference disappeared when 
mitigation measures were relaxed (7th–12th month of 

Table 1  Baseline and obstetric characteristics of the study 
subjects (n=164 107)

Characteristic
2020 (n=24 
312)

2014–2019 
(n=139 795)

Maternal age, years—%

 � ≥35.0 18.8 16.1

 � 25.0~34.9 78.6 80.0

 � <25.0 2.6 3.9

 � Insurance—% 73.4 71.3

 � Married—% 99.2 99.2

 � Nulliparity—% 73.9 74.8

BMI at first prenatal visit—%

 � ≥30.0 1.8 1.5

 � 25.0–29.9 12.5 11.9

 � 20.0–24.9 57.3 57.8

 � <20.0 28.4 28.8

 � Education—years (mean±SD) 15.3±2.8 14.9±2.6

 � Assisted conception—% 2.9 3.2

 � DM and GDM—% 11.3 12.3

 � Hypertensive disorders—% 5.8 5.4

 � ICP—% 1.2 1.0

Gestational age at delivery—%

 � <32 GW 0.5 0.7

 � 32–36 GW 4.7 4.7

 � ≥37 GW 94.8 94.6

 � Stillbirth—% 0.2 0.2

Birth weight—%

 � Large for gestational age 4.7 4.5

 � Average for gestational age 92.4 92.3

 � Small for gestational age 2.9 3.2

Delivery mode—%

 � Spontaneous delivery 54.5 60.6

 � Assisted vaginal delivery 1.5 1.3

 � Caesarean delivery 44.0 38.1

BMI, body mass index; DM, pregestational diabetes; GDM, 
gestational diabetes; GW, gestational week; ICP, intrahepatic 
cholestasis of pregnancy.

https://dx.doi.org/10.1136/bmjgh-2021-006359
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2020, OR 1.02, 95% CI 0.94 to 1.11). There was no differ-
ence in stillbirth rate across the study time window.

DISCUSSION
In this large study with 164 107 singleton births, we 
observed substantial decreases in preterm birth rates 
following implementation of the national COVID-19 
lockdown measures in China. These decreases were 
consistent across early to late preterm birth. The reduc-
tions in preterm birth disappeared after daily life and 
work returned back to normal. Our study adds important 
evidence to the existing data on this subject and confirms 
the observation from some other studies that mitiga-
tion measures are associated with preterm birth reduc-
tion, which may provide an opportunity to identify novel 
preventive strategies for preterm birth.

Our large study assessed the impact of COVID-19 miti-
gation measures implemented in China on the incidence 
of preterm birth with data abstracted directly from elec-
tronic medical records, which was different from the Neth-
erlands and Danish studies using blood spot screening 
programme.6 8 Our dataset had individual-level infor-
mation on relevant covariates, including demographic 
information, parity, medical and obstetric complica-
tions, induction and delivery information, therefore, 
we could minimise the influence of changes in demo-
graphic composition of the population following mitiga-
tion measures (eg, through the mitigation of population 
flow), which might have contributed to the findings. 
Also, our analysis was able to explore differential impact 

between spontaneous and iatrogenic preterm deliveries. 
By using the same quasi-experimental approach as the 
Netherlands study did, our study progressed substantially 
from earlier studies that we also had the preterm infor-
mation after the mitigation measures when life and work 
was back to normal in Chinese population, thus strength-
ening causal interpretation of the observed association 
between the COVID-19 mitigation measures and reduced 
preterm birth incidences.

Our study also has some limitations. The unanticipated 
nature of the COVID-19 pandemic and associated miti-
gation measures allows for a retrospective analysis and 
makes randomised assignment or a prospective cohort 
approach impossible. The rate of preterm birth increased 
in June right after the COVID-19 restrictions being eased 
(18 May). We noticed the increase in June was masked in 
the logistic regression analysis by overlapping windows. 
This increases might be explained by seasonal influence 
as the preterm rate also increased in summer in previous 
year as shown in figure 1. We used these relatively short 
time windows to exclude major influences as season. The 
1/6~1/5 of babies in Shanghai have been delivered in 
SFMIH in past 8 years, thus, the present study population 
is a good representative sample of Shanghai and devel-
oped areas in China, but our results may not be general-
isable to undeveloped areas in China.

Consistent with the Netherlands study, we observed 
a significant reduction of moderate-to-late preterm (ie, 
32 complete weeks to 36 weeks and 6 days), whereas the 
decrease was fairly constant in early preterm even though 

Figure 1  Regression discontinuity in monthly preterm birth incidence surrounding implementation of COVID-19 mitigation 
measures.

Figure 2  Regression discontinuity in monthly different prematurity incidence surrounding implementation of COVID-19 
mitigation measures. GW, gestational week.
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the result was not statistically significant due to the insuf-
ficient cases in this subgroup. In the Irish study, rates of 
extremely low birthweight and very low birthweight births 
were lower between 1 January 2020 and 30 April 2020, than 
in the same period in the preceding 19 years.7 Only one 
extremely preterm birth had been observed in the Danish 
study using national blood spot screening data in the first 
month following COVID-19 lockdown, whereas five to 
six were calculated. The observed reduction in preterm 
births in Denmark and Ireland predominantly affected 
the smallest babies, and the numbers were small.6 7 The 
information on stillbirths was unavailable in these two 
studies, thus one cannot discern whether a part of the 
observed reduction in very early preterm births occurred 
at the expense of an increase in stillbirths. A study in a 
London (UK) hospital compared birth outcomes before 
and after the outbreak of COVID-19 pandemic revealed 
no changes in the incidence of births prior to 34 or 37 
gestational weeks.12 The authors observed an increase in 
stillbirths of six per 1000 births following the pandemic. 
However, this study had a small sample size and it did 
not specifically investigate the effect of the mitigation 
measures. Importantly, we did not observe an increase in 
the stillbirth rate during the COVID-19 pandemic. The 
study from Philadelphia, Pennsylvania, found no change 
in preterm birth or stillbirths associated with the lock-
down.9 The differences between studies may be due to 
varieties in the strictness and comprehensiveness of lock-
down measures, enforcement of lockdown orders, access 
to healthcare or financial and social stressors.

Countless studies have been carried to clarify the 
aetiology of spontaneous preterm and to explore effec-
tive preventive strategies. Efforts have been largely 
disappointing because the aetiology of prematurity is 
complex.13 The COVID-19 mitigation measures might 
affect some known risk factors for preterm birth. These 
risk factors include asymptomatic infection and inflam-
mation which can cause intrauterine infection and 
inflammation through vertical transmission, initiating 
a succession of mechanism resulting in preterm birth. 
Wearing masks, keeping physical distance and staying at 
home, closing of schools and childcare facilities, lack of 
population flow and increased awareness of hygiene (eg, 
hand washing and window opening) all reduce contact 
with pathogens and minimise the risk of some infections. 
It had been reported that common infectious disease 
morbidity decreased during the COVID-19 emergency 
response, thus reducing overall inflammatory state of 
pregnant women.14 The literature on a potential asso-
ciation between work and premature birth however is 
contradictory.15 The potential reduced physical demands 
associated with less work, less travel and even reductions 
in minor transportation accidents could all be possible 
contributors. Women were more likely to prepare food 
at home as opposed to eating in a restaurant which may 
have improved nutrition and working from home may 
have also optimised sleep duration, which could all have 
a positive influence on prematurity rates.16 Substantial Ta
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reductions in air pollution have also been reported 
following COVID-19 mitigation measures, including in 
China.17 Given exposure to air pollution is the recognised 
increased risk of delivering preterm, this finding could 
also explain the observed reductions.18 The short timing 
window of the observed preterm birth reductions in our 
study suggests that hygiene measures and behavioural 
changes related to mitigation measures might have been 
instrumental.

Approximately one-third preterm births are iatro-
genic, usually for maternal or fetal health concerns.19 
Changes in obstetric practice or care-seeking behaviour 
of pregnant women might also have contributed induced 
preterm delivery rates. In our dataset, we did observed 
a slightly higher incidences of hypertensive disorders 
and ICP in 2020 which might increase preterm deliv-
eries, however the iatrogenic preterm rate was generally 
constant over the study period, and the preterm reduc-
tion associated with mitigation measures we observed was 
primarily among spontaneous preterm births.

CONCLUSION
In summary, we have reported that national imple-
mentation of COVID-19 mitigation measures in China 
was associated with a substantial reduction in preterm 
births, adding new evidence to preliminary findings from 
other countries and generating the hypothesis that the 
COVID-19 mitigation measures could reduce preterm 
births. Identification of the underlying mechanisms is 
an essential next step, which could be vital to developing 
novel preventive strategies for preterm birth.
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