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STUDY QUESTION: How did the coronavirus disease 2019 (COVID-19) pandemic affect live birth numbers in Europe?
SUMMARY ANSWER: In |4 European countries with validated datasets on live birth numbers during the ongoing COVID-19 pandemic,

excess mortality was inversely correlated with live birth numbers.

WHAT IS KNOWN ALREADY: Since March 2020, in order to minimize spread of severe acute respiratory syndrome coronavirus 2
and reducing strain on the health care systems, many national authorities have imposed containments and restricted both indoor and out-
door recreational activities. Historical events, such as electricity blackouts, have repeatedly been shown to exert incremental effects on
birth numbers.

STUDY DESIGN, SIZE, DURATION: We evaluated the effect of the COVID-19 pandemic and the containments on reproduction and
birth numbers in |4 European countries with complete and validated datasets, until March 2021.

PARTICIPANTS/MATERIALS, SETTING, METHODS: The national demographic offices of 20 European countries were requested
to provide the monthly birth numbers from 2015 to March 2021. Among them, |14 countries provided those data. Taking into account sea-
sonal variations, the live birth numbers were compared with excess mortality at two different time intervals during the pandemic.

MAIN RESULTS AND THE ROLE OF CHANCE: At 9 months after the initiation of containments in many European countries, || of
|4 European countries (78.5%) experienced a decline in live birth numbers, ranging between —0.5% and — I 1.4%. The decline in live birth
numbers was most pronounced in eight European countries with the highest degree of excess mortality. From January to March 2021, live
birth numbers continued to decline in 5 of 8 European countries with high excess mortality, whereas live births started to recover in 8 of
|4 countries (57.1%).

LIMITATIONS, REASONS FOR CAUTION: The live birth numbers of some key European countries were not available.

WIDER IMPLICATIONS OF THE FINDINGS: The demographic changes linked to the COVID-19 pandemic may add to the overall
socio-economic consequences, most particularly in those countries with pre-existing reduced reproduction rates.
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to declare.
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Introduction

The World Health Organization declared coronavirus disease 2019
(COVID-19) a pandemic on | | March 2020. Confronted with the out-
break of the pandemic, initially in China in late 2019 and in Italy from
January 2020 onward, and then rapidly spreading, the authorities of
most European countries reacted by imposing travel restrictions, by
closing public spaces including schools, and by reducing social contacts
through both regional and national lockdowns. The COVID-19 case-
load in each European country followed different waves at different
time points, as did the degree and duration of containments, which
were imposed in most European countries in March 2020. All these
measures had a profound global disruptive effect on socio-economic
activities, which, together with the costs of increased public expendi-
ture, are likely to have a long-lasting impact on society. In some coun-
tries, including England and Wales, the excess mortality owing to the
COVID-19 pandemic has been demonstrated to exert a shortening of
overall life expectancy (Aburto et al., 2021; Spiers et al., 2021). The ef-
fect of the COVID-19 pandemic on live birth numbers has remained
unexplored so far. Uncertainty about the economic prospects and
concerns about the impact of a COVID-19 infection during pregnancy
on the health status of both mother and offspring may have resulted in
fewer pregnancies, but containment at home may also have provided
the opportunity for more intimacy among couples, resulting in preg-
nancies. Historical events, such as power outages/electricity blackouts,
reducing both indoor and outdoor recreational activities, have repeat-
edly been shown to exert incremental effects on birth numbers (Udry,
1970; Burlando, 2014). COVID-19 may also directly interfere with
male and female fertility (Jing et al., 2020; Wang et al., 2020; Aitken,
2021; Gacdi et al., 2021). Here, we quantify the live birth numbers in
several European countries before and during the COVID-19 pan-
demic and correlate these with excess mortality during the pandemic.

Materials and methods

The very different attitudes and management approaches of the au-
thorities during the COVID-19 pandemic in the various European
countries, together with distinct incidences of infection and mortality
rates, provide an excellent opportunity to evaluate the differential im-
pact of the pandemic on live birth numbers. We therefore surveyed
the available datasets from the public health offices of 20 European
countries or contacted them by email and retrieved monthly live birth
numbers from 2015 to March 2021 in 14 of the 20 contacted coun-
tries (Supplementary Table SI and Figs S, S2, S3, S4, S5, S6, S7, S8,
$9, S10, SI'1, S12, S13, S14, S15, S16, S17, S18, which include the data
of 4 countries with incomplete or not yet validated datasets). No such
datasets were made available from Ireland and Greece. No data from
January to March 2021 were available from England, Wales and
Luxembourg. The live birth numbers from Scotland and Northern
Ireland in 2020 and 2021 were labeled as provisional.

Description of P-scores

During the ongoing pandemic, COVID-19 detection methods changed
over time and differed among countries. For that reason, comparison
between the COVID-19 caseload and birth numbers was not feasible.

Instead, excess mortality is considered the more reliable measure of
the impact of the pandemic (Leon et al., 2020; Cerqua et al., 2021;
Giattino et al., 2021). Based on this, we compared the monthly birth
numbers with the excess mortality in 14 European countries. Weekly
mortality numbers from all included countries are available online
(www.mortality.org) (Németh et al, 2021). Owing to differences in
population sizes, the raw numbers do not allow the comparison of the
effects of the pandemic on the demographic events among countries.
The P-score measures excess mortality as the percentage difference
between the observed mortality during the pandemic and that before
the pandemic, and is commonly used to compare the impact of the
pandemic on excess mortality rates among countries (Giattino et dl.,
2021). For each of the 14 European countries with complete and vali-
dated datasets, we calculated the excess mortality P-score using the
following formula:

P-score excess mortality (%)
{ [no. deaths during pandemic / no. weeks] }

— [no. deaths before pandemic / no. weeks] x 100

[no. deaths before pandemic / no. weeks]

We compared the excess mortality P-score 2020 with that of
2015-2019. In analogy, we also calculated differences in the live birth
numbers using the P-score formula:

P-score live births (%)
{ [no. live births during pandemic / no. months ] }

— [no. live births before pandemic / no. months] x 100

[no. live births before pandemic / no. months |

Birth numbers were only available per month. As live birth numbers
are characterized by seasonal variability, we compared the live birth
number P-scores during the time interval from October 2020 to
December 2020 (9 months after the outbreak of the pandemic in
Europe) with the time interval from October 2019 to December 2019
(before the outbreak). We also compared the live birth number
P-scores from January 2021 to March 2021 (most recent phase of the
pandemic with available birth number datasets) with those from January
2020 to March 2020 (early in onset of the pandemic in Europe).

Statistical analysis

We compared the excess mortality P-scores 2020 with the live birth
P-scores of the 14 European countries using both Spearman rank cor-
relation (r;) and linear regression analysis.

Differences in live birth P-scores between the five countries with the
highest excess mortality rates (P-scores >10%) were compared with
those of the nine countries with lesser excess mortality rates (P-score
<10%). The differences between both groups were analyzed with the
Mann—Whitney U-test and the results presented by their median val-
ues =+ interquartile range. Statistical analyses were carried out with
IBM SPSS Statistics Workpackage 24 (Chicago, IL, USA).

Results

Live birth P-scores were compared with excess mortality P-scores dur-
ing two different time intervals after the onset of the COVID-19
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pandemic. The live birth P-scores of all |4 European countries from
October to December 2020 (Fig. |A) are presented in columns and
compared with the excess mortality P-scores during the same time in-
terval. Similarly, the live birth P-scores from January to March 2021 are
presented in columns and ranked according to excess mortality
P-scores (Fig. 1B), with the five most affected on the right. The first
time interval was chosen to start ~9 months after the initiation of con-
tainments in most European countries, and the second approximately
after 12 months. In each of the two comparisons, the results of the
Spearman rank correlation indicated that there was a significant nega-
tive association between the excess mortality P-scores and the live
birth P-scores: ry = —0.7418 in January to March 2021; r, = —0.7231
in October to December 2020 (both P=0.005) (Fig. 2). Among the
|4 European countries with complete and validated live birth datasets,
only three countries (Iceland, Finland and Germany) reported a posi-
tive live birth P-score both 9 and 12 months after the start of the pan-
demic (Fig. 2 and Table I).

At 9 months after the
European countries, || of |4 European countries experienced a

initiation of containments in most

decline in live birth P-scores, ranging between —0.5% and —11.4%
(Fig. IA). The decline in live birth P-scores was significantly more
pronounced in countries with excess mortality P-scores >10% as
compared to countries with excess mortality P-score <10% (median
—4.5% versus +0.2%, respectively, P=0.008). When comparing the
live birth P-scores from January to March 2021 (12 months after the
onset of the pandemic) (Fig. 1B) with the live birth P-scores from
October to December (9 months after the onset of the pandemic in
Europe) (Fig. IA), the live birth P-scores in five of eight countries
with high excess mortality (P-score >10%) continued to decline.
The decline in live birth P-scores was significantly more pronounced
in countries with excess mortality P-score >10% (—6.8% versus
+5.3%, respectively, P=0.012). Whereas in October to December
2020, the live birth P-scores were positive in 3 of 14 countries
(Fig. 1A), in 8 countries the live birth P-scores were on the rise dur-
ing first 3 months of 2021 (Fig. 1B). This discrepant evolution of ex-
cess mortality and live birth numbers in different European
countries corresponds with the different slopes of the regression
lines (Fig. 2), correlating excess mortality P-score and live birth P-

P-score live births 10.2020-12.2020 versus 10.2019-12-2019
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Figure I. Live birth numbers in Europe during the ongoing coronavirus disease 2019 pandemic. The live birth P-scores, as given in
percentages and registered in October to December 2020 (A) and in January to March 202 (B), were ranked according to excess mortality P-scores
in |4 European countries. The mean live birth P-scores (with standard deviation) of the eight most affected countries with excess mortality P-scores
>10% were compared with those of the six less affected countries with excess mortality P-scores <10% at two different time intervals during the

pandemic. IQR, interquartile range.
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score, which were observed during the two different phases of the
ongoing pandemic (f =—0.458 in October to December 2020 to
f = —0.949 in January to March 2021), despite a similar monotonic
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Figure 2. Live birth numbers versus excess mortality in
Europe during the coronavirus disease 2019 pandemic. Using
Spearman rank analysis (rs), we correlated excess mortality P-scores
(2020) with the live birth P-scores from October to December 2020
(black squares and line) and from January to March 2021 (red squares
and line) in 14 European countries with complete and validated data-
sets. For visualization purposes, we added linear regression lines to-
gether with the corresponding equations.

relation (from ry = —0.7231 in October to December 2020 to
rs = —0.7418 in January to March 2021).

Discussion

We aimed to quantify the impact of the pandemic and of the contain-
ments on the birth numbers in European countries 9 months after on-
set of the COVID-19 pandemic in Europe. The often repeated and
long-lasting containments imposed by the authorities of most
European countries on their citizens and inhabitants during the
COVID-19 pandemic have restricted travel and both indoor and out-
door recreational activities. Similar historical containments caused by
power outages and electricity blackouts in the past have resulted in
higher live birth numbers (Udry, 1970; Burlando, 2014). However, the
current survey demonstrates an opposite effect: in || of 14 European
countries with validated and complete datasets, a drop in the monthly
birth numbers was observed ~9 months after the early phase of the
pandemic (Figs | and 2). The drop in live birth numbers, as given by
live birth P-scores, was most pronounced in those countries with the
highest excess mortality P-score (Fig. 2).

Socio-economic considerations may have motivated affected popula-
tions to refrain from pregnancy (Aassve et al, 2020; Kahn et al,
2021), as has been observed in the USA (Chandra et al., 2018) and
among the Maori population of New Zealand (Wilson et al., 2019)
9 months after the first excess death peak during the Spanish influenza
pandemic of 1918-1920. Concerns about the higher incidence of com-
plications caused by COVID-19 during pregnancy may have played a
minor role (Favre et al., 2020; Rasmussen et al., 2020; Sentilhes et dl.,
2020). Although COVID-19 may also interfere directly with fertility,

Table I Excess mortality P-scores and live birth P-scores for 14 European countries at different time points in the coronavirus

disease 2019 pandemic.

Countries Excess mortality,
2020-March 2021
(P-score, in %)
Norway —-0.5
Denmark 1.9
Iceland 23
Finland 3.0
Germany 55
Sweden 7.3
France 10.7
Austria 10.9
Portugal 1.7
The Netherlands 12.0
Switzerland 13.6
Italy 15.3
Belgium 15.4
Spain 17.9

October to December 2020

Live births,
January to March 2021
(P-score, in %)*

Live births,

(P-scores, in %)'

2.7 +53
—0.5 +3.4
+0.9 +79
+1.7 +6.3
+2.9 +52
—1.3 —0.6
-5.0 -7.2
-1.9 +2.4
—-34 —13.0
—0.8 +4.5
—4.3 +2.4
—4.6 —6.4
—55 —15.7
—11.4 —-8.7

'Nine to || months after the onset of the pandemic.
“Twelve to |5 months after the onset of the pandemic.
For excess mortality, all months in 2020 were used.



Reproduction during the COVID-19 pandemic

particularly the male partner (Aitken, 2021; Gacci et al., 2021), this ef-
fect can only be marginal.

The economic and financial consequences of excess mortality as
caused by COVID-19 have been discussed intensively (Lui et al.,
2021). The effect of fewer children born during the pandemic has not
yet become part of the debate. In several European countries, an up
to 13% decline in live birth numbers was observed in 2020 and 2021.
This decline is most pronounced in those countries with already low
pre-pandemic reproduction rates (Supplementary Data) and became
more accentuated during the first 3 months of 2021 in countries that
experienced the highest excess mortality (Fig. 1B).

In contrast to historical events, such as power outages and electric-
ity blackouts, which often resulted in an intermediate rise in birth num-
bers, the COVID-19 pandemic significantly reduced the birth numbers
in most European countries, most particularly in those with the highest
excess mortality rates. The demographic consequences of this decline
in birth numbers in European countries must be acknowledged in the
current debate on the long-term economic consequences of the
COVID-19 pandemic.

Supplementary data

Supplementary data are available at Human Reproduction online.

Data availability

The data underlying this article are available in the article and in its on-
line supplementary material.
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