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Abstract
Purpose After living with the COVID-19 pandemic for more than 2 years, the impact of lockdown measures on preterm 
birth rates is inconsistent according to data from different countries. In this study, rates of preterm-born infants during the 
time of COVID-19-related lockdowns were analyzed in a tertiary perinatal center at Munich University, Germany.
Methods We analyzed the number of preterm births, infants, and stillbirths before 37 weeks of gestation during the German 
COVID-19 lockdown period compared to the same time periods in the years 2018 and 2019 combined. Additionally, we 
expanded the analysis to Pre- and Post-Lockdown Periods in 2020 compared to the respective control periods in the years 
2018 and 2019.
Results Our database shows a reduction in the rate of preterm infants during the COVID-19 lockdown period (18.6%) 
compared to the combined control periods in 2018 and 2019 (23.2%, p = 0.027). This was mainly based on a reduced rate of 
preterm multiples during the lockdown period (12.8% vs. 28.9%, p = 0.003) followed by a reversed effect showing a threefold 
rise in multiple births after the lockdown. In singletons, the rate of preterm births was not reduced during the lockdown. The 
rate of stillbirths was not affected by the lockdown measures as compared to the control period (0.9% vs. 0.7%, p = 0.750).
Conclusion During the COVID-19 pandemic lockdown period, we found a reduced rate of preterm-born infants compared 
to a combined control period in the years 2018 and 2019 in our large tertiary University Center in Germany. Due to the 
predominant reduction in preterm multiples, we postulate that less physical activity might have led to the protective effect 
by lockdown measures.
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Abbreviations
BQS  Bavarian obstetric quality parameter
COVID-19  Coronavirus disease 2019
SARS-CoV-2  Severe acute respiratory syndrome corona-

virus 2

EMS  Emergency medical services
IUFD  Intrauterine fetal death
IVENA  Interdisciplinary medical care capacity 

management system (“Interdisziplinärer 
Versorgungsnachweis”)

NICU  Neonatal intensive care unit

Introduction

In spring 2020, the world experienced the pandemic spread 
of a novel virus, known as severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2) [1]. This COVID-19 
pandemic has had profound effects on health-care systems, 
societal structures, and the world economy. The adverse 
effects of the COVID-19 pandemic on maternal and peri-
natal health are not limited to the morbidity and mortality 
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caused directly by the disease, like a slightly higher rate 
of preterm births in Germany in 2020 in SARS-CoV-2-in-
fected pregnant women according to the CRONOS register 
study [2]. Nationwide lockdowns, disruption of health-
care services, and fear of attending health-care facilities 
might have also affected the well-being of pregnant women 
and their infants [3]. Recent evidence suggests that rates 
of stillbirths and preterm births might have changed sub-
stantially during the pandemic. Behavioral changes of 
pregnant women, as well as reduced provision of mater-
nity services, have been discussed as possible underlying 
causes [4–6]. Results regarding the effects of the COVID-
19 pandemic on preterm births are divergent. Studies 
showed an increase [7] or a decrease in the preterm birth 
rate [4–6, 8–11], others found no differences [12–15]. In 
a meta-analysis from the Lancet Global Health in 2021 
discussing the effects of lockdown measures on birth 
outcomes, studies from high-income countries showed 
a decrease in numbers of preterm births, in contrast to 
data from low-income countries [16]. A study on Bavarian 
birth data could not show a statistically significant effect 
of the two lockdown periods 2020 on preterm births [17]. 
A special local situation is given in our study due to the 
fact that, in Munich, the first German COVID-19 infection 
was detected at the end of January 2020 [18]. This might 
have led to greater fear of disease and to a good com-
pliance respecting measures during the first lockdown in 
this region. Consequently, we analyzed the preterm birth 
rate during the first COVID-19 LockdownPeriod in spring 
2020 in the Munich University Perinatal Center.

Methods

All birth data from the years 2018 to 2020 at the Perinatal 
Center of the LMU University Hospital, Munich, Germany, 
were extracted from the obstetric medical record system 
(View Point Fetal Database 5, GE Health Care, USA). Data 
were cleaned, infants born prior to 22 + 0 weeks of gestation 
were excluded from the analysis. The Center, where annually 
about 4000 births take place, comprises 2 hospitals, both 
located in the city of Munich. Each location is a tertiary 
center including a same-level neonatology department.

We analyzed births during the first Bavarian COVID-19 
Lockdown Period in 2020 and compared these data to the 
combined birth outcomes from the same period of the pre-
ceding 2 years 2018 and 2019. Because life went back to 
normal very slowly after the first lockdown, we addition-
ally examined an Extended COVID-19 Lockdown Period in 
2020, including four additional weeks and compared those 
with the combination of the equivalent time periods in 2018 
and 2019 (Fig. 1). The following time periods were analyzed 
and labeled as indicated:

COVID-19 Lockdown Period: March 22nd to May 5th, 
2020.

Control Period 1: March 22nd to May 5th, 2018, and 
2019.

Extended COVID-19 Lockdown Period: March 22nd to 
May 30th, 2020.

Control Period 4: March 22nd to May 30th, 2018, and 
2019.

To precisely evaluate lockdown effects, we controlled 
for changes in defined time intervals before and after the 

Fig. 1  Time periods under study
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lockdown periods, always comparing the time intervals of 
the year 2020 to the corresponding combined periods in the 
preceding 2 years. We varied these time intervals in length, 
first analyzing a time interval before and after the actual 
lockdown equivalent in days to the duration of the first lock-
down, second analyzing longer intervals before and after an 
extended lockdown period (Fig. 1).

Pre-Lockdown Period: February 5th to March 21st, 2020.
Control Period 2 Pre-Lockdown: February 5th to March 

21st, 2018, and 2019.
Post-Lockdown Period: May 6th to June 19th, 2020.
Control Period 3 Post-Lockdown: May 6th to June 19th, 

2018, and 2019.
Extended Pre-Lockdown Period: January 1st to March 

21st, 2020.
Control Period 5 Extended Pre-Lockdown: January 1st to 

March 21st, 2018, and 2019.
Extended Post-Lockdown Period: June 1st to July 31st, 

2020.
Control Period 6 Extended Post-Lockdown: June 1st to 

July 31st, 2018, and 2019.
To evaluate the preterm birth rate in a single perinatal 

unit, possible short-term hospital capacity changes must be 
considered. According to state data, there were no changes 
in the number of NICU beds in all 5 tertiary perinatal cent-
ers in Munich, the number of beds was constantly 74 in 
the years under study [19]. With the help of a centralized 
capacity monitoring system that has been in use in Munich 
since 2013, it was possible to control for reduced admission 
rates due to a shortage in beds or staff. This interdisciplinary 
medical care capacity management system (IVENA eHealth, 
mainis IT, Frankfurt, Germany) displays the current health-
care capacities in the whole city of Munich to the dispatchers 
of the emergency medical services (EMS) command center 
who assign rescue vehicles to a receptive hospital. Through 
IVENA, hospitals can indicate lacking capacity in a special 
field. In obstetrics, four categories can be signed out indi-
vidually: 23–29 weeks of pregnancy; 30–32 weeks of preg-
nancy; 33–36 weeks of pregnancy, and ≥ 37 weeks of preg-
nancy. If the Neonatal Intensive Care Unit is occupied, the 
hospital can be closed for emergencies in early pregnancy 
weeks. We analyzed time in minutes per month when our 
center was unable to accept further pregnant patients during 
the COVID-19 lockdown period 2020 compared to the same 
time in 2019. Numbers of nursing and medical staff as well 
as the leading personal remained unchanged throughout the 
whole 3-year period.

For descriptive and statistical analysis, we used SPSS 
Statistics 28 program (IBM, Chicago, IL, USA). Continu-
ous variables are presented as mean with standard deviation. 
Categorical variables are shown as numbers and percent-
ages. To compare groups, Student’s t test, Mann–Whitney U 
test, Fisher’s exact test, and Chi-squared tests were used. A 

p value below 0.05 was considered statistically significant. 
Logistic regression was used to calculate odds ratios with 
95% confidence intervals.

Primary outcomes were the rate of preterm born infants 
and preterm births related to the total number of births. Sec-
ondary outcomes were the rate of preterm born children in 
different pre- and post-COVID-19 groups in relation to the 
corresponding control groups, as well as the rate of still-
births, mode of delivery, intended mode of delivery, rates of 
multiple pregnancies, rates of preterm multiple pregnancies, 
adverse newborn outcomes (APGAR 5 min < 5 and/or arte-
rial umbilical cord blood-pH < 7), and birth weight in the 
respective comparison groups. Stillbirth was defined when 
intrauterine fetal death (IUFD) had occurred after 22 weeks 
of pregnancy.

Results

A total of 4077 children were born in 2018, 4157 in 2019, 
and 3664 in 2020. Mother’s mean age was 32.9 years with 
a minimum of 14 and maximum of 55 years. There was no 
statistically significant difference in mother’s age between 
the years studied. The Cesarean section rate was similar in 
all 3 years (30.4% in 2018, 29.6% in 2019, and 28.6% in 
2020), as was the percentage of preterm infants (21.4% in 
2018, 20.1% in 2019, and 19.7% in 2020). The rate of multi-
ple pregnancies did not differ significantly between the years 
(8.1% in 2018, 6.9% in 2019, and 7% in 2020), neither did 
the mode of delivery (Table 1).

The Cesarean section rate was similar in the Lockdown 
Period and the Control Period 1, and there was no difference 
in the rate of vaginally intended births between the 3 study 
years. The adverse outcome of the newborns with reference 
to APGAR < 5 at 5 min and/or arterial umbilical cord blood-
pH < 7 was equal during the Lockdown Period and the Con-
trol Period 1. The mean birthweight of all infants was statis-
tically significantly higher during the Lockdown Period with 
a mean of 3263 g in comparison to 3,186 g in Control Period 
1 (p = 0.014). There were less preterm births in the COVID-
19 Lockdown Period (17.9%) compared to the same time 
intervals in the 2 years before (20.4%), though this difference 
does not reach statistical significance (p = 0.158) (Table 2).

Analyzing data based on the infants, we could show that 
in the COVID-19 Lockdown Period, 18.6% of the infants 
were born preterm as compared to 23.2% during the Con-
trol Period 1. This result corresponds to a significant risk 
reduction for being born preterm of 25% during the first 
Lockdown Period (OR = 0.757; [95% KI: 0.574; 0.998]; 
p = 0.027) (Table 2, Fig. 2).

This effect remains statistically significant prolonging 
the analysis to the Extended COVID-19 Lockdown Period 
(March 22 to May 30, 2020). During this time, 19.1% of all 
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infants were born preterm as compared to 22.5% in the cor-
responding Control Period 4 (March 22 to May 30, 2018, and 
2019) (p = 0.037) Fig. 2). In the 6 weeks after the COVID-19 
Lockdown Period (Post-Lockdown Period, May 6 to June 
19th, 2020) compared to Control Period 3 (May 6 to June 
19th, 2018, and 2019) a slightly higher rate of preterm chil-
dren was delivered without statistical significance (23.6% vs. 

20.8%, p = 0.111). However, in the Extended Post-Lockdown 
Period (June 1st to July 31, 2020), the rate of preterm born 
children equalized with 22.1% in both groups (Table 3).

Interestingly, in the COVID-19 Lockdown Period, the 
rate of births from multiple pregnancies (preterm and 
mature neonates) was only 3.2% compared to 7.7% in the 
Control Period 1 (p < 0.001). This effect was reversed after 

Table 1  Baseline characteristics 2018 2019 2020
N (%) N (%) N (%) P

Infants per year (including IUFD und late TOP)
Singletons
Multiples
 Twins
 Triplets

4077
3746 (91.9)
331 (8.1)
310
21

4157
3871 (93.1)
286 (6.9)
286
0

3664
3407 (93.0)
257 (7.0)
284
9

0.064

Mother ‘s age (y) mean ± STD (all)
Min. (y) / Max. (y)

32.92 ± 5.22
16/52

32.87 ± 5.05
14/55

32.93 ± 4.98
15/51

Mode of delivery (livebirth, > 22 + 0)
Vaginal birth
Cesarean section
Primary planned C-section

2822 (69.6)
1234 (30.4)
519 (12.7)

2910 (70.4)
1223 (29.6)
485 (11.7)

2620 (71.4)
1040 (28.6)
452 (12.3)

0.169
0.330

Preterm infants (22 + 0 – 36 + 6, live births) 867 (21.4) 831 (20.1) 717 (19.7) 0.175

Table 2  Maternal and infants 
characteristics in COVID-19 
Lockdown Period and Control 
Period 1

Bold values indicate statistically significant values (p< 0.05)

COVID-19 Lock-
down Period
March 22nd to May 
5th, 2020

Control Period 1
March 22nd to May 5th, 
2018, and 2019

N (%) N (%) P

Mother’s age (y), mean ± STD 32.62 ± 5.12 32.92 ± 5.18 0.373
Births 266 1,090
Infants (livebirth > 22 + 0 wks)
 Singletons
 Multiples

462
447 (96.8)
15 (3.2)

1,000
923 (92.3)
77 (7.7)

 < 0.001

Gestational age (weeks.days), mean ± STD 38.56 ± 2.43 38.39 ± 2.47 0.234
Birthweight (g) mean ± STD 3,263.3 ± 613.9 3,186.5 ± 629.5 0.014
 < 1500 g 10 (2.2) 16 (1.6) 0.287
 < 2500 g 41 (8.9) 118 (11.8) 0.055
Preterm births (< 37 + 0) 78 (17.9) 188 (20.4) 0.158
Preterm infants (< 37 + 0)
 Singletons
 Multiples

86 (18.6)
75 (87.2)
11 (12.8)

232 (23.2)
165 (71.1)
67 (28.9)

0.027
0.003

Mode of delivery (children)
Vaginal birth
C-section
Primary planned C-section

333 (72.1)
129 (27.9)
57 (12.3)

704 (70.4)
296 (29.6)
110 (11.0)

0.536
0.479

Mode of delivery in preterms
Vaginal birth
C-section
Primary planned C-section

39 (45.3)
47 (54.7)
16 (18.6)

113 (48.7)
119 (51.3)
32 (13.8)

0.615
0.294

Mode of delivery in preterm multiples
Primary planned C-section

6 (54.4) 16 (23.9) 0.06

Adverse newborn outcome (APGAR 5 min < 5 
and/or arterial pH < 7)

3 (0.7) 7 (0.7) 1.00
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the first lockdown, in the Post-Lockdown Period in 2020. 
In the weeks after the Lockdown in 2020, the percent-
age of infants born from multiple pregnancies more than 
tripled (Fig. 3). Compared to the Control Period 3, more 
children from multiple pregnancies (all weeks) were born 
in 2020 (11.2% in 2020 vs. 8.4% in the Control Period 3, 
p = 0.067). In the Pre-Lockdown Period in 2020 (Febru-
ary 5th to March 21st, 2020), no difference in the number 
of multiples could be found compared to the respective 
control interval (Table 4).

Accordingly, during the COVID-19 Lockdown Period, 
12.8% of the preterm newborns were multiples compared to 

28.9% in Control Period 1 (p = 0.003) (Table 2). Considering 
preterm infants from singleton pregnancies alone, we could 
not show a statistical significant difference between the 
different periods (17.1% preterm infants in the Lockdown 
Period, 18.0% in the Control Period 1, p = 0.385).

Modes of delivery across preterm singletons or multiples 
did not differ regarding vaginal births and Cesarean sections 
between the COVID-19 Lockdown Period compared to the 
Control Period 1 (p = 0.615). Nonetheless, the reduction of 
infants born preterm during the Lockdown Period 2020 was 
accompanied by a reduction of spontaneous onset of labor 
in preterm births. The rate of elective Cesarean sections in 

Fig. 2  Statistically significant 
number of preterm infants in the 
COVID -19 Lockdown Period / 
Extended COVID-19 Lock-
down Period compared with 
respective control periods; bars 
reflect the percentage of preterm 
infants of the distinctive time 
period.
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0%

5%

10%

15%

20%

25%

COVID-19 Lockdown Period Control Period 1 Extended COVID-19 Lockdown
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p=0.027 p=0.037

Table 3  Preterm infants in varying periods

Bold values indicate statistically significant values (p< 0.05)

N (%) N (%) P

COVID-19 Lockdown Period
March 22nd to May 5th, 2020

Control Period 1
March 22nd to May 5th, 2018, and 2019

Preterm infants < 37 + 0 86 (18.6) 232 (23.2) 0.027
Pre-Lockdown Period
February 5th to March 21st, 2020

Control Period 2 Pre-Lockdown February 
5th to March 21st, 2018, and 2019

Preterm infants < 37 + 0 88 (17.6) 186 (18.6) 0.355
Post-Lockdown Period
May 6th to June 19th, 2020

Control Period 3 Post-Lockdown May 6th to 
June 19th, 2018, and 2019

Preterm infants < 37 + 0 124 (23.6) 224 (20.8) 0.111
Extended COVID-19 Lockdown Period
March 22nd to May 30th, 2020

Control Period 4
March 22nd to May 30th, 2018, and 2019

Preterm infants < 37 + 0 144 (19.1) 359 (22.5) 0.037
Extended Pre-Lockdown Period January 1st to March 21st, 

2020
Control Period 5 Extended Pre-Lockdown
January 1st to March 21st, 2018, and 2019

Preterm infants < 37 + 0 158 (18.2) 343 (19.3) 0.271
Extended Post-Lockdown Period June 1st to July 31st, 2020 Control Period 6 Extended Post-Lockdown

June 1st to July 31st, 2018, and 2019
Preterm infants < 37 + 0 153 (22.1) 319 (22.1) 0.521
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preterm infants was higher during the Covid-19 Lockdown 
Period in comparison to the Control Period 1 (18.6% vs. 
13.8%; p = 0.294). For preterm multiples, this difference was 
more pronounced almost reaching statistical significance 
(23.9% elective Cesarean sections during Control Period 1 
and 54.5% elective Cesarean sections during the COVID-19 
Lockdown Period p = 0.065) (Table 2).

During the COVID-19 Lockdown Period, no difference 
in the IUFD rate in relation to the Control Period 1 was 
detected (0.9% vs. 0.7% in Control Period 1). Interestingly, 
after the liberalization of lockdown restrictions and with 
lower incidence of COVID-19 infections, the IUFD rate 
tended to rise in the Post-Lockdown Period (June 1st to July 
31st, 2020) as compared to the Control Period 6 (0.9% vs. 
0.5%; p = 0.068) (Table 5).

The capacity monitoring system (IVENA) did not show 
any capacity reduction during the COVID-19 Lockdown 
Period, neither for obstetrics nor for neonatology. With 
regard to capacity shut down, no difference could be found 
in any of the analyzed sign-out sub-groups (Table 6).

Discussion

In this study, we confirm a decreased number of preterm 
infants born during the COVID-19 Lockdown Period, com-
parable to data shown in other studies, especially from high-
income countries [4–6, 8]. The reasons for this decrease of 
preterm deliveries during the COVID-19 Lockdown Period 
are still unclear, but several explanations are postulated. 
Among others, reduced working hours, reduced physical 
and/or emotional stress related to work, fewer infections 
(better hygiene and fewer social interactions), less smoking 
and drug use, being at home with support of the family, hav-
ing time for exercise, and reduced exposure to environmental 
pollutants, less car driving (less stress and fewer accidents) 
could all be possible reasons [8]. Overall, this could have 
led to a feeling of less daily stress. Especially in the study 
area, lockdown measures and contact restrictions were 
strictly enforced and taken seriously because the first Ger-
man COVID-19 case was detected in the Munich area [16].

The decrease in preterm birth rates in our cohort was pre-
dominantly caused by a decrease of preterm births in mul-
tiple pregnancies. This focus on preterm births in multiple 

Fig. 3  Comparison of the per-
centage of multiples in different 
periods on the left: Pre-Lock-
down 2020, COVID-19 Lock-
down 2020, and Post-Lockdown 
2020 which shows a significant 
dip in the lockdown period with 
a compensation post-lockdown. 
On the right, the respective 
control periods in 2018 and 
2019 which show no interperiod 
difference. Bars reflect the 
percentage of multiples in the 
distinctive time periods.
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Table 4  Characteristics of multiples in COVID-19 Lockdown Period and Control Period 1

Bold values indicate statistically significant values (p< 0.05)

N (%) N (%) P

COVID-19 Lockdown Period
March 22nd to May 5th, 2020

Control Period 1
March 22nd to May 5th, 2018, and 2019

Multiples all livebirths 15 (3.2) 77 (7.7)  < 0.001
Pre-Lockdown Period
February 5th to March 21st, 2020

Control Period 2 Pre-Lockdown February 5th to 
March 21st, 2018, and 2019

Multiples all livebirths 37 (7.4) 82 (8.2) 0.614
Post-Lockdown Period
May 6th to June 19th, 2020

Control Period 3 Post-Lockdown May 6th to June 
19th, 2018, and 2019

Multiples all livebirths 59 (11.2) 90 (8.4) 0.067
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pregnancy during COVID-19 Lockdown is one strength of 
our study. Most of the other international studies excluded 
multiple pregnancies in their calculations [4, 5, 20].Thus, 
this novel observation of our study may help to understand 
the mechanisms driving impact of lockdown measures on 
the prevalence of premature birth. Preterm births in twins, 
more than in singletons, may predominantly be caused 
mechanically by early contractions, followed by cervical 
insufficiency finally leading to preterm birth. In addition, 
we identified more twin births in the Post-Lockdown period 
in 2020 in comparison to the same period in the preceding 
years. This indicates that the neonates that were not born 
preterm during the lockdown period were born later and thus 
less likely to be preterm. As in other studies, the reduction in 
preterm births was accompanied by a reduction in spontane-
ous preterm births [16, 21]. Therefore, our results point at a 
reduction in physical activity and daily stressors as reason 
for the protective effect of lockdown measures.

According to our data, published data from the Bavar-
ian medical quality control system (BQS) showed unad-
justed significantly lower preterm birth rates in Lockdown 
Period 2020 for singleton pregnancies (5.71% vs. 6.41%; OR 

0.88; p < 0.001). However, these effects could not be con-
firmed after adjusting for long-term trends (adj. OR = 0.99; 
p = 0.73). For twin pregnancies, lower preterm birth rates 
during lockdown could be demonstrated without statisti-
cal significance (52.99% vs. 56.26%; adj.p = 0.31). These 
region-wide dataset [17] further supports that our data show 
a real local effect and not just a shift in preterm births to 
other hospitals in the area.

Besides the preterm born infants, an evaluation of still-
birth rates in the study group during the COVID-19 Lock-
down Period compared to the respective time intervals in 
2018 and 2019 was made. No difference could be seen in 
stillbirth rates between the COVID-19 Lockdown Period 
compared to Control Period 1 in 2018 and 2019. These 
results corroborate findings from other studies conducted in 
high-income countries, which also did not detect an increase 
in the stillbirth rate during the first COVID-19 Lockdown 
Period [12–14, 19, 20]. In contrast to that, the analysis of the 
Bavarian perinatal survey of the first COVID-19 Lockdown 
Period showed higher stillbirth rates than in the correspond-
ing periods from 2010 to 2019. However, the effects on the 
stillbirth rate in this study could no longer be observed after 

Table 5  IUFD in varying periods; all probabilities

N (%) N (%) P

COVID-19 Lockdown Period
March 22nd to May 5th, 2020

Control Period 1
March 22nd to May 5th, 2018, and 2019

IUFD 4 (0.9) 7 (0.7) 0.750
Pre-Lockdown Period
February 5th to March 21st, 2020

Control Period 2 Pre-Lockdown February 5th to 
March 21st, 2018, and 2019

IUFD 3 (0.6) 6 (0.6) 1.00
Post-Lockdown Period
May 6th to June 19th, 2020

Control Period 3 Post-Lockdown May 6th to 
June 19th, 2018, and 2019

IUFD 1 (0.2) 5 (0.5) 0.670
Extended COVID-19 Lockdown Period
March 22nd to May 30th, 2020

Control Period 4
March 22nd to May 30th, 2018, and 2019

IUFD 4 (0.5) 12 (0.7) 0.789
Extended Pre-Lockdown Period January 1st to March 21st, 2020 Control Period 5 Extended Pre-Lockdown

January 1st to March 21st, 2018, and 2019
IUFD 3 (0.3) 13 (0.7) 0.178

Extended Post-Lockdown Period June 1st to July 31st, 2020 Control Period 6 Extended Post-Lockdown
June 1st to July 31st, 2018, and 2019

IUFD 6 (0.9) 4 (0.3) 0.088

Table 6  Additive sign-out time 
in the IVENA system of both 
hospitals in April 2019 and 
April 2020

Sign-out time in minutes (IVENA system) April 2019 April 2020 P value

Complete sign-out time 276,520 289,280 1.00
Obstetrics 23—29 week of pregnancy 76,090 85,520 1.00
Obstetrics 30 – 32 week of pregnancy 76,210 85,520 1.00
Obstetrics 33 – 36 week of pregnancy 81,810 83,360 1.00
Obstetrics > 37 week of pregnancy 42,410 34,880 0.937
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adjustment for seasonal and long-term trends [22]. Interest-
ingly, after the liberalization of COVID-19 restrictions and 
when lower incidences of COVID-19 infections occurred 
later after the COVID-19 Lockdown Period (June 1st to July 
31st, 2020), the rate of stillbirths tended to rise in the pre-
sent study compared to the control periods 2018 and 2019. 
One possible explanation could be that pregnant women 
avoided routine appointments during COVID-19 Lock-
down, and therefore fetal risks for perinatal death were not 
detected early enough. Another theory for this finding could 
be asymptomatic SARS-CoV-2 infections in these stillbirth 
events. It is described that especially SARS-CoV-2 infection 
in early pregnancy could lead to placental pathology like 
fetal vascular malperfusion [23]. Thus, potentially asymp-
tomatic SARS-CoV-2 infection in earlier pregnancy might 
be the reason for the higher stillbirth rate in the Extended 
Post-Lockdown Period 10–18 weeks after the first COVID-
19 Lockdown. In the German CRONOS register study, an 
increased risk of stillbirth in patients after SARS-CoV-2 
infection in early pregnancy could be shown [24].

The single-center setup of the study can be seen as a 
potential limitation as it might not be representative for all 
obstetrical units in Germany. However, an advantage of our 
analysis in this single center with over 4000 births annually 
lies in the possibility to look deeper into the details of the 
patients and to be aware of the surrounding confounders 
and resources during the time intervals studied. A further 
strength of our study is that we include multiple pregnan-
cies. We also provide an external control by the city-wide 
capacity system, which showed no difference with regard 
to closure of the unit during the lockdown, so an artificial 
reduction of preterm births due to logistical reasons can be 
ruled out. Besides, Bavaria-wide data do not show a rise of 
preterm births in any other nearby hospital.

Conclusion

The present analysis demonstrates a statistically significant 
reduction in the rate of preterm children and preterm deliv-
eries in a German perinatal center during the COVID-19 
Lockdown Period in 2020 compared to control periods in 
2018 and 2019. The results show a dominant reduction of 
preterm births in multiple pregnancies. We postulate that 
stress reduction and less activity might have led to a protec-
tive effect by lockdown measures. There was no increase in 
the stillbirth rate during the Lockdown Period.
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