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STUDY QUESTION: Did the first wave of the COVID-19 pandemic have an impact on monthly birth rates in Europe?

SUMMARY ANSWER: Using datasets on live births per month in Europe, collected from the Human Fertility Database, we found
a �14.1% decline in live births in January 2021 (i.e. 9–10 months after the epidemic peaks and first lockdowns), compared to the average
number of live births in January 2018 and 2019.

WHAT IS KNOWN ALREADY: Previous pandemics in the 20th and 21st centuries have been associated with a decline in birth rates
9 months after their peak, and a rebound in births over time. Lockdowns were necessary to control the first wave of the COVID-19
pandemic and may have had an impact on subsequent birth rates.

STUDY DESIGN, SIZE, DURATION: Monthly time series data on live births from January 2018 to March 2021 were
extracted to provide a time-series analysis of birthrates during and after the first wave of the COVID-19 pandemic in 24 European
countries.

PARTICIPANTS/MATERIALS, SETTING, METHODS: We conducted a random-effect generalized least squares regression to
assess the seasonality of births from January 2018 to March 2021, and to identify potential differences in monthly live births after the first
wave of the COVID-19 pandemic, considering the seasonality of births. To quantify these potential differences, we estimated the variation
rate between the monthly live births observed during 2020 and 2021 and the mean of the 2018–2019 monthly live births in Europe.
Factors potentially associated with a variation in monthly birth rates were assessed using univariable and multivariable generalized linear
regressions.

MAIN RESULTS AND THE ROLE OF CHANCE: When considering the seasonality of births, January 2021 was the only month with a
significant difference in live births. A drop of �14.1% was observed compared to the average number of live births in January 2018 and
2019. At the national level, this drop was observed 9–10 months after the epidemic peaks in 13 countries. The duration of lockdowns was
the variable that had the stronger association with this decrease, whereas higher incomes per capita could be a factor limiting this decline.
A rebound in births compared to the previous years occurred in March 2021 in 13 countries.

LIMITATIONS, REASONS FOR CAUTION: Our data are based on national data, limiting the power in the multivariable models used
and the identification of other potential factors contributing to a decrease or an increase in birth rates. In addition, we collected only live
births up to April 2021, which precludes the identification of a difference in births seasonality in 2021.

WIDER IMPLICATIONS OF THE FINDINGS: As with previous pandemics, the COVID-19 outbreak was associated with a decline in
births 9 months after its first wave. This trend may be associated with the duration of the lockdowns. Although there was a rebound in
births in the following months, it does not seem to compensate for this decline.
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Introduction
The coronavirus disease 2019 (COVID-19) pandemic and social dis-
tancing measures established to control its spread have brought signifi-
cant changes to almost every aspect of life worldwide (Haleem et al.,
2020). While the rapid increase in the number of cases leading to in-
tensive care hospitalizations and high mortality in at-risk groups remain
priority indicators for pandemic control, the demographic consequen-
ces are also important to assess (WHO, 2021). Increased mortality is
not the only demographic consequence of such a pandemic, as fertility
and birth rates may also be affected either through direct exposure or
indirect effects related to social fears and distancing measures (Aassve
et al., 2020). Previous pandemics that occurred in the 20th and 21st
centuries, such as the 1918 H1N1 Influenza, the 2013 Ebola and the
2016 Zika virus outbreaks were associated with a decline in birth rates
9 months after their peaks (Pomar, 2020). The reasons for this decline
were high parental mortality (H1N1 and Ebola) (Dahal et al., 2018) or
high fetal morbi-mortality (Zika) in cases of direct exposure (Coelho
et al., 2017), but also the desire of couples to postpone pregnancy in
a time of crisis (Vrachnis et al., 2014). These may have major conse-
quences on the demographic pyramids, especially in countries with an
already low number of children per couple. Economic concerns as
well as the lack of information on the potential teratogenic effect and
maternal morbidity and mortality associated with SARS-CoV-2 infec-
tion during pregnancy may have played a role in the decision of cou-
ples to postpone pregnancies. Furthermore, it is known that parental
stress is associated with a fertility decrease, which may also prevent
conception during a crisis period (Li et al., 2020). The cessation of
non-emergency activities in hospitals to allow for the management of
COVID-19 patients may also have reduced fertility during the first
wave of the COVID-19 pandemic, particularly for pregnancies resulting
from IVF (Smith et al., 2020).

A cohort study in the USA using electronic medical record surveil-
lance found an initial decline in pregnancy events during and after the
first epidemic peak of the COVID-19 outbreak, and predicted an in-
crease in births remote from the outbreak (Stout et al., 2021). A first
analysis of the European datasets found a drop of �0.5% to �11.4%
in livebirths after the initiation of containments in 11 of 14 countries in-
cluded, and the authors associated this decrease to high excess mor-
tality during the first wave of the COVID-19 pandemic (De Geyter
et al., 2022). Based on national statistics on birth rates available, we
aim to investigate if a similar trend is observed by including 24
European countries in the analysis. As the number of births varies
markedly by season, with typically higher rates during the spring and
lower rates during the last quarter of the year (Dahlberg and
Andersson, 2018), we aimed to use a time-series analysis based on
monthly birth rates before, during and after the first wave of the
COVID-19 pandemic. Finally, we aimed to include factors other than
mortality, such as the duration and the stringency of lockdowns, to in-
vestigate whether a substantial difference in live births could be associ-
ated with these factors.

Materials and methods

Data collection
Datasets on live births per month before, during and after the first
wave of the COVID-19 pandemic were collected from the Human
Fertility Database (Jasilioniene et al., 2016) (collected on 9
September 2021, publicly available at https://www.humanfertility.
org/cgi-bin/stff.php). To be included, national datasets needed to
provide information on live birth rates per month for at least 2
years pre-pandemic (2018–2019) and up to March 2021. Datasets
that were provisional or lacked birthrates per month were not in-
cluded in the present study.

For the included datasets, information on the timing of the first
wave and epidemic peak, the total number of severe acute respiratory
syndrome-corona virus-2 (SARS-CoV-2) cases and deaths at the end
of the first wave, the date and duration of lockdown associated with
the first wave, the maximum occupancy rate of intensive care units
(ICUs), the pre-pandemic incomes per capita and the stringency index
were collected for each country, based on national data available in
the WHO situation reports (WHO, 2021), national statistics offices
and UN databases (UN, UN Databases, 2021).

Definition of variables
Birth rates included all live births. Miscarriages, intra-uterine fetal
demises and stillbirths were excluded.

The timing of the epidemic peak in all European countries was
estimated based on the WHO situation reports (WHO, 2021) and
the evolution of daily new cases was summarized in the ourworldin-
data database (Hannah Ritchie, 2020). The total numbers of
COVID-19 cases and deaths were estimated using the 132nd situa-
tion report of the WHO published 31 May 2020 (WHO, 2021),
and morbidity and mortality rates were estimated for each country.
The impact of the first wave on healthcare systems was estimated
using the European CDC database (ECDC, 2020) and classified as
low (occupancy rate in ICU <80%), moderate (occupancy rate in
ICU 80–100%) or high (occupancy rate in ICU >100%). The dura-
tion of lockdown associated with the first wave of the pandemic
was calculated based on the WHO situation reports for all coun-
tries (WHO, 2021). The stringency of lockdowns was evaluated
through a composite measure developed by researchers of
the University of Oxford based on nine indicators including school
closures, workplace closures and travel bans, rescaled to a value
from 0 to 100 (100 the strictest and 0 the least strict) (https://
www.bsg.ox.ac.uk/research/research-projects/oxford-covid-19-govern
ment-response-tracker) (Hale et al., 2021). The pre-pandemic income
per capita in all countries was assessed using the World Bank classifi-
cation for 2019 (https://blogs.worldbank.org/opendata/new-world-
bank-country-classifications-income-level-2020-2021).
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.Statistical analyses
For all countries included, we described the average annual rate of
change in live births between 2015 and 2019, to assess the general
trend before the pandemic: growth (>1.0% per year), stability (�1.0%
to 1.0% per year) or decline (>�1.0% per year).

Using a time series analysis between January 2018 and March 2021,
we assessed the seasonality of births in countries included in a
random-effect generalized least squares (GLS) regression. This regres-
sion permitted the identification of potential differences in monthly live
births after the first wave of the COVID-19 pandemic, considering the
seasonality of births. To quantify these potential differences, we esti-
mated the variation rate between the monthly live births observed
during 2020 and 2021 and the mean of the 2018–2019 monthly live
births in Europe. We then calculated variation rates for all European
countries with data available.

Factors potentially associated with a variation in monthly birth rates
were assessed using univariable and multivariable generalized linear
regressions. The multivariable model included variables with a P-value
<0.10 in univariable analysis. As the overoccupancy of ICUs may be
related to the decision to increase the duration and the stringency of
the first lockdown, we included only one of these variables (i.e. the
lockdown’s duration) in the multivariable model in case of collinearity.
A factor was considered to be independently associated with the vari-
ation of monthly birth rates when it had a P-value <0.05 in multivari-
able analysis. To test the validity of our findings, we performed a
second analysis where a substantial drop in monthly birth rates was
defined as a variation rate >�10% (i.e. three times the European de-
crease observed in previous years) and a rebound as a variation rate
>þ1%. Statistical analyses were done using Stata 15.

Ethics approval was not required for this study.

Results
Monthly birth rates between January 2018 and April 2021 were avail-
able for 24 European countries (24/27, 88.9%): Austria, Belgium,
Croatia, Czechia, Denmark, Estonia, Finland, France, Germany,
Hungary, Italy, Latvia, Lithuania, the Netherlands, Portugal, Romania,
Russia, Slovenia, Spain, Sweden, Switzerland, England and Wales,
Scotland and Ukraine. Data available for these countries were
extracted and included in the analysis (Supplementary Table SI). Data
for monthly births in Bulgaria, Iceland and Norway stop in December
2020, so these three countries were not included.

Evolution of birthrates during the
pre-pandemic period
Overall, an average decline in live births of �2.9% per year (py) was
observed in Europe between 2015 and 2019. A progressive decline in
annual birth rates was observed between 2015 and 2019 in Finland
(�4.8% py), France (�1.6% py), Italy (�2.9% py), Latvia (�3.8% py),
Lithuania (�3.4% py), Russia (�6.4% py), Slovenia (�1.6% py), Spain
(�3.7% py), the UK (�2.1% py in England and Wales, and �2.7% py
in Scotland) and Ukraine (�6.9% py). During the same period, a pro-
gressive growth was observed in Denmark (þ1.3% py) and Germany

(þ1.4%). Birth rates were stable in the other countries during this pe-
riod (Supplementary Table SII).

Seasonality of live births
Between January 2018 and March 2021, a seasonality of live births was
observed in the European countries included, with more births be-
tween March and October than between November and February
(Fig. 1). Raw data are presented in Supplementary Table SIII, and a
random-effects GLS regression clustered by country to assess season-
ality is in Supplementary Table SIV. When considering this seasonality,
January 2021 was the only month with a significant difference in live
births compared to the previous years: the adjusted coefficient of the
GLS regression clustered by country was �1467 (95% CI �2329 to
�605), P¼ 0.001 (Table I).

Potential impact of the first wave of
COVID-19 on birth rates
When considering the total of live births in the 24 countries included,
a drop of �14.1% was observed in January 2021 compared to the av-
erage number of live births in January 2018 and 2019 (Table I, Fig. 2).
This drop occurred 9–10 months after the epidemic peaks and lock-
downs related to the first wave of COVID-19 in Europe. This drop
was observed at the national level in Belgium (�12.2%), Estonia
(�12.8%), France (�14.4%), Italy (�17.2%), Latvia (�15.5%),
Lithuania (�28.1%), Portugal (�17.8%), Romania (�23.3%), Russia
(�19.1%), Spain (�23.5%), Ukraine (�24.4%) and the UK (�13.0% in
England and Wales; �14.0% in Scotland).

March 2021 was the only month with a rate of live births similar to
the pre-pandemic monthly rate (þ0.6%), corresponding to a rebound
9–10 months after the end of lockdowns. A rebound in March 2021
was observed in Austria (þ1.8%), Belgium (þ6.0%), Croatia (þ8.1%),
Czechia (1.2%), Denmark (7.2%), Estonia (2.3%), Finland (þ11.3%),
France (þ2.5%), Germany (þ5.2%), Hungary (þ10.9%), the
Netherlands (þ10.2%), Russia (þ1.4%) and Sweden (þ1.2%,
Supplementary Table SV).

Potential determinants of birth drop or
rebound during the COVID-19 pandemic
Table II presents the pre-pandemic birth rate trend, the estimated
number and prevalence of COVID-19 cases and deaths at the end
of the first wave, the occupancy of ICUs during the first wave, the
duration and stringency index of the first lockdown and the pre-
pandemic income per capita for each country included. In univari-
ate analysis, the birthrate trend before the pandemic, the lockdown
length and the income per capita were significantly correlated to
the difference in live births between January 2021 and January of
the pre-pandemic years (2018–2019). In a multivariable analysis,
the duration of lockdowns was the only factor associated with a
negative difference in live births between January 2021 and January
of the pre-pandemic years (2018–2019), whereas the income per
capita was the only factor associated with a positive difference: ad-
justed coefficients (log OR (odds ratio)) �0.0014 (95% CI �0.0026
to �0.0001) and 3.2e�6 (0.3e�6 to 6.0e�6), respectively
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Figure 1. Live births between January 2018 and April 2021 in the 24 European countries included, according to a logarithmic
scale.
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Table I Evolution of monthly live births in 2020–2021 compared to the mean monthly rates in 2018–2019 and according to
birth seasonality.

Months Evolution of monthly birth rates
compared to 2018–2019

Random-effects GLS regression adjusted on
births seasonality, clustered by country

Total (min to max) Coef. [95% CI] P

January 2020 �3.99% (�9.82% to þ8.18%) �1043.76 [�2654.23 to 566.71] 0.243

February 2020 �1.50% (�7.36% to þ5.46%) 194.11 [�225.52 to 613.74] 0.365

March 2020 �5.39% (�26.47% to þ4.30%) �793.29 [�2784.12 to 1197.54] 0.478

April 2020 �4.63% (�11.82% to þ5.72%) �164.61 [�847.53 to 518.31] 0.753

May 2020 �6.74% (�14.73% to þ2.72%) �441.46 [�1220.70 to 337.78] 0.267

June 2020 �4.38% (�13.73% to þ5.84%) 38.27 [�131.17 to 207.72] 0.989

July 2020 �5.12% (�14.10% to þ3.96%) �831.67 [�2252.85 to 589.51] 0.271

August 2020 �6.87% (�17.41% to þ1.99%) �1003.88 [�2420.83 to 413.08] 0.165

September 2020 �1.45% (�7.89% to þ6.95%) �207.32 [�1687.37 to 1272.73] 0.548

October 2020 �5.20% (�11.34% to þ1.86%) �1095.19 [�2587.45 to 397.07] 0.158

November 2020 �6.24% (�15.23% to þ1.55%) �1053.12 [�2172.32 to 66.08] 0.063

December 2020 �2.26% (�22.99% to þ8.40%) �525.97 [�2075.00 to 1023.06] 0.506

January 2021 214.12% (228.06% to 11.94%) 21466.93 [22329.14 to 2604.71] 0.001

February 2021 �5.17% (�22.88% to þ11.79%) �504.17 [�2118.24 to 1109.90] 0.689

March 2021 þ0.64% (�16.13% to þ11.33%) 1030.85 [�378.80 to 2440.49] 0.152

Coefficients with 95% CIs and P-values were estimated with random-effects GLS regressions adjusted on births seasonality, clustered by countries. These coefficients correspond to
the average difference in live births for each country, taking into account variations due to the seasonality of births since 2018.
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COMBINED VARIATION RATES OF LIVE BIRTHS IN EUROPE COMPARED TO 2018-
19

Ukraine

UK: Scotland

UK: England and Wales

Switzerland

Sweden

Spain

Slovenia

Russia

Romania

Portugal

Netherlands

Lithuania

Latvia

Italy

Hungary

Germany

France

Finland

Estonia

Denmark

Czechia

Croa�a

Belgium

Austria

First wave of
the COVID-19
pandemic in

Europe

First wave of
the COVID-19
pandemic in

Europe

Figure 2. Combined variation rates of live births in Europe compared to 2018–2019. Variation rate between the monthly live births ob-
served during 2020 and 2021 and the mean of the 2018–2019 monthly live births were weighted by the number of births in each country to present
cumulative rates of change, corresponding to the total variation observed in Europe. Raw data are presented in the Supplementary Table SIV.
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Table II COVID-19 cases and deaths, impact on intensive care units (ICUs), lockdowns duration and stringency, variation in birth rates and pre-pandemic incomes in
the countries included.

Country Date of
epidemic

peaks

Total
cases

(31 May 2020)

Total deaths
(31 May 2020)

Impact
on ICUs*

Date of
lockdown

Lockdown
length (days)

Stringency
index

Income
per capita
($/year)**

Birth rate
trend before
the pandemic
(2015–2019)

Variation in births
in January 2021
compared to

January
2018–2019

Lithuania April 3 1670 (0.61&) 70 (0.03&) Low March 16 94 81.48 High, 37 420 �3.4% �28.1%

Ukraine Mai 7 23 672 (0.54&) 708 (0.02&) Low March 17 38 88.89 High, 13 260 �6.9% �24.4%

Spain March 31 239 600 (5.12&) 29 043 (0.62&) High March 14 56 85.19 High, 42 250 �3.8% �23.5%

Romania April 21 19 133 (0.99&) 1253 (0.06&) Low March 25 48 87.04 High, 31 410 0.1% �23.3%

Russia May 12 405 843 (2.78&) 4693 (0.03&) Moderate March 28 43 78.24 High, 27 550 �6.4% �19.1%

Portugal April 3 32 203 (3.16&) 1396 (0.14&) Moderate March 19 14 82.41 High, 33 980 0.3% �17.8%

Italy March 27 232 664 (3.85&) 33 340 (0.55&) High March 9 70 91.67 High, 42 270 �2.9% �17.1%

Latvia April 1 1065 (0.56&) 24 (0.01&) Low No lockdown 69.44 High, 31 590 �3.8% �15.5%

France April 17 148 436 (2.24&) 28 717 (0.43&) High March 17 55 87.96 High, 50 400 �1.6% �14.4%

UK April 10 272 830 (4.01&) 38 376 (0.56&) High March 23 103 79.63 High, 47 620 �2.4% �13.5%

Estonia April 5 1865 (1.41&) 67 (0.05&) Low March 11 31 77.78 High, 37 940 0.4% �12.8%

Belgium April 12 58 186 (5.02&) 9453 (0.81&) High March 18 47 81.48 High, 55 370 �0.9% �12.2%

Slovenia April 2 1473 (0.72&) 108 (0.05&) Low March 15 35 89.81 High, 40 530 �1.6% �8.8%

Germany March 30 181 482 (2.23&) 8500 (0.42&) Moderate March 22 29 76.85 High, 55 220 1.4% �7.1%

Switzerland March 25 30 762 (3.64%) 1656 (0.23&) Moderate March 17 41 73.15 High, 73 620 �0.1% �5.4%

Sweden June 28 37 113 (3.73&) 4395 (0.41&) Moderate No lockdown 59.26 High, 56 270 0.0% �4.5%

Austria March 28 16 638 (1.85&) 668 (0.07&) Moderate March 16 28 81.48 High, 58 940 0.2% �3.4%

Czechia March 31 9230 (0.86&) 319 (0.03&) Low March 16 27 82.41 High, 40 360 0.3% �3.2%

Hungary April 14 3867 (0.40&) 524 (0.05&) Moderate March 28 13 76.85 High, 33 070 �0.7% �3.2%

Croatia April 13 2246 (0.55&) 103 (0.03&) Low March 18 54 96.3 High, 28 630 �0.9% �2.9%

Netherlands April 14 46 257 (2.70&) 5951 (0.34%) Moderate March 15 22 78.7 High, 59 700 �0.1% �1.8%

Finland March 30 6826 (1.23&) 316 (0.06&) Moderate March 08 20 71.3 High, 51 150 �4.8% 0.5%

Denmark April 8 11 633 (2.01&) 571 (0.10&) High March 12 31 72.22 High, 62 180 1.3% 1.9%

*Low ¼ no overload in ICU (occupancy rate <80%), Moderate: overload in ICU (occupancy rate 80–100%) requiring changes in healthcare activities, High: outdated healthcare systems (occupancy rate of ICUs >100%), during the epidemic
peak. Data are available at: https://www.ecdc.europa.eu/en/publications-data/download-data-response-measures-covid-19.
**Low <1045, lower-middle income [1045–4095], upper-middle income [4096–12 695], high income >12 695 (Gross National Income per capita, US$, according to the World Bank classifications of countries).
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(Table III). The secondary analysis confirmed that the duration of
lockdowns was higher in countries that experienced a difference
>�10% of live births in January 2021 compared to those that did
not experience this drop: average duration of 54 days versus
27 days, adjusted coefficient 0.0076 (95% CI 0.0016 to 0.0137,
Table IV); and tended to be lower in countries that experienced a
rebound (>þ1%) in live births in March 2021: average duration of
31 days versus 55 days, adjusted coefficient 0.0066 (95% CI
�0.0135 to 0.0003, Table V).

In this multivariable analysis, countries that experienced a difference
>�10% of live births in January 2021 also tended to have lower

per capita incomes: average income of 38 360$/y versus 50 879$/y, ad-
justed coefficient �1.3e�5 (95% CI �2.8e�5 to 10.4e�5, Table IV).

Discussion
The first wave of COVID-19 appears to have resulted in a 14% de-
crease in live births in Europe 9–10 months after the epidemic peak
(January 2021). This decline at the European level appears to be the re-
sult of a substantial drop of 12–28% in 13 European countries. Within a
few months (March 2021), corresponding to 9 months after the end of

.............................................................................................................................................................................................................................

Table III Factors associated with the differences observed in livebirths after the first wave of COVID-19 compared to the
pre-pandemic period (2018–2019).

Difference in live births between January 2021 and January of pre-pandemic years (2018–2019)

Univariable analysis Multivariable analysis

Coef (95% CI) P Coef (95% CI) P

Birthrates trend before the pandemic 2.0 (0.6 to 3.3) 0.004 0.5 (�1.0 to 2.1) 0.502

Deaths related to COVID-19, per 1000 �0.035 (�0181 to 0.11.0) 0.637

Overocupancy in ICUs (>100%) �0.025 (�0.102 to 0.510) 0.513

Lockdown length �0.0013 (�0.0024 to �0.0002) 0.019 �0.0014 (�0.0026 to �0.0001) 0.032

Stringency index �0.0039 (�0.0081 to 0.0002) 0.066 0.0017 (�0.0051 to 0.0086) 0.611

Income per capita 3.6e�6 (1.4e�6 to 5.8e�6) 0.001 3.2e�6 (0.3e�6 to 6.0e�6) 0.031

Coefficients with 95% CIs and P-values were estimated with generalized linear models. These coefficients correspond to the mean difference in birth rates for every additional unit in-
crease in the independent variables. All variables are continuous, except for the overoccupancy of intensive care units (ICUs) (binary variable). Variables with a P< 0.10 in the univari-
able analysis were included in the multivariable analysis.

.............................................................................................................................................................................................................................

Table IV Factors associated with a drop >210% in livebirths in January 2021 compared to January 2018–2019.

Countries with a sub-
stantial drop (>210%)

in livebirths in
January 2021

Countries without
substantial drop in

livebirths in January
2021

Univariable analysis Multivariable analysis

n 5 13 n 5 11 Coef [95% CI] P Coef [95% CI] P

Birthrates trend before
the pandemic—mean
(min–max)

�2.6% (�6.9% to 0.4%) �0.5% (�4.8% to 1.4%) �10.5 [�18.6 to �2.4] 0.011 �3.9 [�12.7 to 5.0] 0.393

COVID-19 mortality—
mean (min–max)

0.29& (0.01& to 0.81&) 0.16& (0.03& to 0.42&) 0.6 [�0.3 to 1.4] 0.172

Occupancy of ICUs
>100%—n (%)

6 (46.2%) 1 (9.1%) 0.4 [0.1 to 0.9] 0.037 *

Lockdown length (d)—
mean (min–max)

54 (0 to 103) 27 (0 to 54) 0.0086 [0.0020 to 0.0152] 0.010 0.0076 [0.0016 to 0.0137] 0.014

Stringency index—mean
(min–max)

82.4 (69.4 to 91.7) 78.0 (59.3 to 96.3) 0.017 [�0.008 to 0.152] 0.180

Income per capita—mean
(min–max)

38 360$/y
(13 260 to 55 370)

50 879$/y
(28 630 to 73 620)

�1.7e�5

[�3.1e�5 to 3.6�6]
0.013 �1.3e�5

[�2.8e�5 to 10.4e�5]
0.069

Coefficients with 95% CIs and P-values were estimated with generalized linear models. These coefficients correspond to the mean difference in birth rates for every additional unit in-
crease in the independent variables. All variables are continuous, except for the overoccupancy of intensive care units (ICUs) (binary variable). Variables with a P< 0.10 in the univari-
able analysis were included in the multivariable analysis.
*Variable not included in the multivariable analysis due to collinearity with the lockdown length.

COVID-19 and birth rates in Europe 7
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the first lockdown, a rebound in births also occurred in 13 countries.
This trend in birth rates seems to be similar to what has been described
in other high-income countries or following previous crises (Aassve
et al., 2020; Ullah et al., 2020; Aassve et al., 2021; Stout et al., 2021).
The decline we found is larger than the one previously described by De
Geyter et al. (2022) in 11 European countries, which is mainly explained
by a difference in the methods used to assess the variation in births in
Europe. De Geyter et al. (2022) used P-scores to compare a 3-month
period (October to December) with a previous reference for that pe-
riod, whereas we used a comparison of monthly rates to identify the
month with the largest decline in birth rate (January 2021). They also
found an association between an excess of mortality in the general pop-
ulation and a decline in births after the first wave of the pandemic (De
Geyter et al., 2022). In our study, the mortality related to COVID-19
was higher in the countries that experienced a decline in births >10%
in January (Table IV), but this difference did not reach statistical signifi-
cance. Once again, this difference seems to be explained by the meth-
ods used, as we preferred not to consider the variation in mortality
compared to the previous years, but the estimated number of deaths
related to COVID-19, which may be underestimated and less reliable
than the P-scores used by De Geyter et al.

Monthly live births in 2020 in Europe varied between �1% and
�7% compared to the pre-pandemic period, with an annual variation
rate of �3.1%, which is close to the average annual variation of
�2.9% found in the pre-pandemic period. Thus, the COVID-19 pan-
demic does not appear to have changed the trend of live births in
Europe in the early months of the pandemic. This suggests that direct
exposure of pregnant women to COVID-19 at the beginning of the
pandemic does not seem to be the primary factor resulting in a decline
in births 9 months later. If direct exposure had a significant negative
impact, it would have led to a drop in live births a few weeks/
months after exposure, related to severe maternal complications or

fetal/neonatal adverse outcomes. The incidence of COVID-19 during
the first wave varied from 0.5& to 5.1& in the countries included.
The case fatality rate among pregnant women with COVID-19 was es-
timated to be 1.3% (Karimi et al., 2021) and the rate of stillbirth
among infected mothers was 0.5–5.0% (Hcini et al., 2021; Vouga
et al., 2021; Wei et al., 2021). These rates are much lower than those
described as having directly impacted birth rates in previous pandemics
(Bloom-Feshbach et al., 2011; Dahal et al., 2018; Pomar et al., 2018;
Foeller et al., 2020). Even if we cannot exclude that direct exposure
could have increased the rate of miscarriage, partially contributing to a
decrease 9 months later in births expected to reach term (Baud et al.,
2020), it seems unlikely that direct exposure to COVID-19 during
pregnancy is the only factor responsible for the observed decline in
live births 9 months after the epidemic peak.

A decline in births 9 months after the epidemic peak appears to be
more common in countries where the health system capacity was
exceeded during the pandemic. Six of the seven countries with the
higher rates of ICU overoccupancy (>100%) during the first wave en-
countered a decline in births 9 months later, while none of the coun-
tries and only two of the nine countries where health systems were
slightly or moderately impacted, respectively, experienced a decline in
births 9 months later. The overoccupancy of ICUs led to lockdowns
and social distancing measures to contain the pandemic. Data from
the included countries suggest that the longer the containment, the
fewer pregnancies occurred during this period, even in countries not
severely affected by the COVID-19 crisis. Conversely, Sweden, which
had a high number of deaths but no lockdown, did not show a drop
in live births. We hypothesize that the political decision about the
lockdowns were taken according to the overoccupancy of ICUs. From
our data, it seems that a decrease in birth rates was more associated
with the duration of lockdowns (which directly impact the couples)
than with the overoccupancy of ICUs, explaining why we chose to

.............................................................................................................................................................................................................................

Table V Factors associated with a rebound (>11%) in livebirths in March 2021 compared to March 2018–2019.

Countries with a sub-
stantial rebound

(>11%) in livebirths
in March 2021

Countries without
substantial rebound
in livebirths in March

2021

Univariable analysis Multivariable analysis

n 5 13 n 5 11 Coef [95% CI] P Coef [95% CI] P

Birthrates trend before
the pandemic—mean
(min–max)

�0.1% (�6.4% to 1.4%) �2.7% (�4.77% to 1.4%) 7.5 [�1.2 to 16.2] 0.090 5.4 [�3.1 to 14.0] 0.210

COVID-19 mortality—
mean (min–max)

0.22& (0.03& to 0.81&) 0.26& (0.01& to 0.62&) �0.2 [�1.0 to 0.7] 0.699

Occupancy of ICUs >
100%—n (%)

3 (23.1%) 4 (36.4%) �0.2 [�0.6 to 0.3] 0.490

Lockdown length (d)—
mean (min–max)

31 (0 to 55) 55 (0 to 103) �0.0077 [�0.0145 to
�0.0009]

0.025 0.0066
[�0.0135 to 0.0003]

0.061

Stringency index—mean
(min–max)

78.5 (59.3 to 96.3) 82.6 (69.4 to 91.7) �0.016 [�0.041 to 0.009] 0.213

Income per capita—mean
(min–max)

47 444$/y
(27 550 to 62 180)

40 142$/y
(13 260 to 73 620)

1.0e�5 [�4.8e�6 to 2.5�6] 0.185

Coefficients with 95% CIs and P-values were estimated with generalized linear models. These coefficients correspond to the mean difference in birth rates for every additional unit in-
crease in the independent variables. All variables are continuous, except for the overoccupancy of intensive care units (ICUs) (binary variable). Variables with a P< 0.10 in the univari-
able analysis were included in the multivariable analysis.
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.
include only the duration of the lockdowns in our multivariable model
due to collinearity between these two variables.

At the beginning of the lockdowns, the media suggested there was
an increase in intercourse frequency for couples who worked from
home, however, this period instead seems to be associated with a de-
crease in sexual desire (Li et al., 2020; Schiavi et al., 2020), even more
in unemployed women (Fuchs et al., 2020). The stress related to the
lack of information available on the maternal and fetal consequences
of SARS-CoV-2 infection at the beginning of the pandemic, and a po-
tential social, health and economic crisis at the end of the pandemic
could be one of the main factors influencing the choice of couples to
postpone pregnancies until after the end of the first wave (Luppi et al.,
2020; Puig-Barrachina et al., 2020; Ceulemans et al., 2021). The deci-
sion by couples to delay conception during a health crisis may also
be a consequence of health recommendations (the American Society
for Reproductive Medicine and the European Society of Human
Reproduction and Embryology released an advisory to avoid reproduc-
tive care at the beginning of the pandemic), although these recommen-
dations were controversial and temporary (Rasmussen et al., 2020;
Townsend et al., 2021).

Finally, the rebound observed 2 months later does not seem to
compensate for decline in birth rates observed in January 2021.
According to Aassve et al. (2020), the consequences of a drop in
births could result in socioeconomic concerns in high-income coun-
tries, related to population aging and long-term decline. Advances in
economic and social development, however, reinforcing the well-being
and reinsurance of the population could have the potential to reverse
a fertility decline during a crisis (Myrskyla et al., 2009). This could ex-
plain why the countries without a decline that did have a rebound in
births in March 2021, are mostly those with the highest income per
capita in Europe (Austria, Denmark, Finland, Germany, the
Netherlands and Sweden). It should be noted that maternity services’
anticipation of a rebound in births is crucial as health care providers,
who are already at higher risk of anxiety, depression and sleep distur-
bances due to the increased workload during the pandemic, may now
have to cope with an increase in births (Marvaldi et al., 2021).

The main limitation of the present study is that it is based on cur-
rently available data and did not allow the inclusion of some
European countries for which data are not yet available. However,
it is unlikely that the evolution of births in these countries will
change our conclusions at the European level given the inclusion of
the most populous countries. Our data are based on national data,
limiting the power in the multivariable models used and the identifi-
cation of other potential factors contributing to a decrease or an in-
crease in births. In addition, we collected only live births up to
April 2021, which precludes the identification of a difference in
births seasonality in 2021. The seasonality we observed in the pre-
pandemic years suggests that the first and last quarters of the year
are those with the fewest births in Europe. But this seasonality
could be impacted by the pandemic and containment, and result in
an increase in births in the last months of 2021, which would mini-
mize the decline of births over the whole year. This variation in
birth seasonality might be more expected in countries with high so-
cioeconomic and educational levels (Bobak and Gjonca, 2001). The
health crisis associated with the COVID-19 pandemic, and the
choice of measures used to control its spread, are complex phe-
nomena based on many health, but also social, economic and

political variables. Identifying the factors associated with a decline in
births in such a crisis is limited by the complexity of the phenome-
non, but also by the limited data yet available on some factors.
Thus, our study seems to show an association between a decrease
in birth rates and the duration of lockdowns, but we cannot ex-
clude that other factors interfere in this association, and we cannot
conclude a causal link.

Future studies should be undertaken as more data become available
to assess the consequences of the various waves of the pandemic on
fertility and the impact of public health policies based on national and
individual data. Individual questionnaires on the determinants of the
decisions about pregnancy timing during the COVID-19 crisis may pro-
vide a deeper understanding of the trends in birthrates.

Conclusion
The COVID-19 pandemic seems to have contributed to a drop in birth-
rates 9–10 months after its first wave in Europe. This drop could particu-
larly affect countries with a declining birth rate prior to the pandemic
and those which were severely affected by the first wave, requiring long
and harsh lockdowns to contain the pandemic. Social distancing meas-
ures, fears related to the pathogen and the social/economic crisis may
be indirect factors that played a role in the decision of couples to post-
pone pregnancies and could be investigated in future research.
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