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We examine the joint consequences of the COVID-19 pandemic for fertility and birth
outcomes by drawing on full population administrative data from Spain. We find
a surprising improvement in birth outcomes in November and to a less extent in
December 2020 (eight to nine months after the first wave of the pandemic) compared
with monthly trends in the 10 previous years (2010-2019). The improvement in
birth outcomes was shortly followed by a decline in fertility, which concentrated on
first births, births to women without a tertiary degree, and births to young and old
mothers, respectively. These findings are consistent with the idea that the pandemic
selectively affected conception, which showed up first as an improvement in birth
outcomes due to the missing conceptions of frail-children-to-be (preterm and low birth
weight) and then as a lowered fertility rate due to the missing conception of at-term
children.

Introduction

Demographic change never happens fast, except during wars, natural dis-
asters, and pandemics. Human populations have suffered unprecedented
distress since the WHO's declaration of the COVID-19 crisis as pandemic in
February 2020. Surging literature highlights that the COVID-19 pandemic
had pervasive population effects via life expectancy losses (Aburto et al.
2022), barriers to international and internal migration (Nathan et al. 2020),
and lower fertility rates in many developed countries (Aassve et al. 2020,
2021).
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2 COVID-19, FERTILITY, AND BIRTH OUTCOMES

This article analyzes the joint consequences of the first wave of the
COVID-19 pandemic for fertility and birth outcomes in Spain. Previous
research on the effects of the pandemic on fertility and birth outcomes
presents a puzzle. On the one hand, the pandemic led to a decline in fertil-
ity rates in many countries, which was largely attributed to increased eco-
nomic losses and uncertainty of the future (Aassve et al. 2020, 2021). On
the other hand, the pandemic has also coincided with an overall improve-
ment in birth outcomes in terms of decreased rates of preterm births (PTB)
and low birth weight (LBW), which has been attributed to the reduction of
socioemotional stressors related to stay-at-home orders (Philip et al. 2020;
Gemmill, Casey, Catalano et al. 2022; Been et al. 2020; Hedley et al. 2021;
Chmielewska et al. 2021). We reconcile these seemingly contradictory find-
ings in a narrative that considers the determinants of fertility and birth out-
comes at the time of conception, during pregnancy, and at delivery. We propose
that the first wave of the pandemic affected birth outcomes via selective con-
ception right after the pandemic outbreak (Oberndorfer et al. 2022), worse
social, psychological, and health conditions during pregnancy, and changed
timing and care circumstances around delivery.

Our analysis draws on population administrative data on approxi-
mately four million births and explores how fertility and birth outcomes
trends changed following the first wave of the COVID-19 pandemic in Spain
(which took place between March and May 2020). Spain was one of the
countries that suffered the most from the first wave of the COVID-19 pan-
demic. The central government declared the state of emergency on March
15, 2020, and issued tight nationwide stay at-home orders. These orders
were only relaxed a month and a half later, in late April, and were com-
pletely retracted together with the state of emergency only in late June
2020. Moreover, Spain also experienced one of the largest fertility declines
among developed countries in the aftermath of the pandemic (Aassve et al.
2021). To the best of our knowledge, this article is the first to explore
pandemic-induced fertility behaviors and birth outcomes within a unified
theoretical and empirical framework.

The link between COVID-19, fertility, and birth outcomes: A
framework

This section discusses the main mechanisms linking the COVID-19 pan-
demic with fertility trends and birth outcomes. Figure 1 summarizes the
potential mechanisms at play at three stages: conception, pregnancy, and
delivery (mechanisms during pregnancy and around delivery are grouped
together for simplicity). Red boxes highlight mechanisms related to indi-
vidual choice and fertility behavior. Some pandemic-induced mechanisms
may have contributed toward poorer birth outcomes. Others, like selectiv-
ity in conception, may instead have contributed to better outcomes. Below
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MARCO COZZANI ET AL. 3

FIGURE 1 Pathways linking the first wave of the COVID-19 pandemic with
fertility and birth outcomes
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we discuss the most important mechanisms to characterize the compound
effect of COVID-19 on birth outcomes at the population level.

Circumstances around the time of conception

The COVID-19 pandemic resulted in reductions in fertility after nine
months. Recent assessments report a 6-9 percent decline in crude birth
rates compared to the same months in 2019. Spain experienced one of
the largest declines among developed countries (Arpino, Luppi, and Rosina
2021; Aassve et al. 2021). These fertility declines may reflect decisions to
delay childbearing due to increased uncertainty of the immediate future
and temporarily barred access to reproductive health care (tempo effects)
but also foregone births because of increased uncertainty or reductions in
(unintended) conceptions due to limited socializing opportunities (quan-
tum effects).

The literature on natural and man-made disasters has highlighted
that fertility responses vary by socioeconomic status (SES) due to different
risks of exposures and adaptive responses (Currie and Rossin-Slater 2013;
Torche and Villarreal 2014; Brown 2018). The large economic uncertainty
generated by the COVID-19 pandemic may have delayed fertility plans
(Luppi, Arpino, and Rosina 2020; Vignoli, Tocchioni, and Mattei 2020),
especially among young, precarious, and low SES workers. If low SES
workers were more likely to postpone fertility behaviors due to uncer-
tainty, birth outcomes observed nine months after would be expected to
improve because low SES mothers are also more likely to deliver children
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4 COVID-19, FERTILITY, AND BIRTH OUTCOMES

with poor birth outcomes (Aizer and Currie 2014; Kramer et al. 2000).
However, another scenario is also possible. High-SES mothers may have
better access to contraception and reproductive healthcare, which improves
their opportunities for avoiding pregnancies under uncertain times; thus,
producing a wave of missing children that would have been more likely to
have better health at birth if born.

The lockdown and stay-at-home orders issued during the first wave of
the pandemic radically cut the possibility to socialize in work environments
and public spaces. Young people were affected the most by the lack of con-
tact and mobility (Caselli et al. 2022). Mobility constraints and lack of social
contacts likely have limited unintended pregnancies among the (younger)
population that is more prone to risky behaviors and lifestyles and also have
worse birth outcomes on average (Nykjaer et al. 2014; Navarro et al. 2020;
Chen et al. 2007).

The halt in access to medical-assisted reproduction (MAR) treatments
during the pandemic (including both artificial reproduction technologies
and intrauterine insemination) may also work toward the improvement in
birth outcomes. MAR children have on average worse birth outcomes than
naturally conceived children (Goisis et al. 2019). Spain stands out as one of
the countries with the highest prevalence of MAR treatments in Europe (De
Geyter et al. 2018). However, all MAR activities were interrupted from mid-
March to mid-April 2020 (Requena et al. 2020). The sudden interruption of
MAR treatments may have had the unintended consequence of improving
birth outcomes by preventing conception of frail-children-to-be.

Circumstances during pregnancy and around delivery

The COVID-19 pandemic strained pregnant women and hospital wards
alike. Pregnant women were subject to both general pandemic-related stres-
sors and the direct strain caused by the infection. Hospitals problems sky-
rocketed due to increased patient inflows, high staff infection rates and
burnout, and obligations to follow COVID-19 protocols. General stressors,
direct infection, and lower service in hospital wards may all relate to birth
outcomes in ways whose effect is not immediately clear.

Recent reviews and meta-analyses find that COVID-19 infection dur-
ing pregnancy was associated with increased risk for PTB, preeclampsia, ce-
sarean delivery, and LBW (Allotey et al. 2020; Elsaddig and Khalil 2021;
Khalil et al. 2020 Wei et al. 2021; Yee et al. 2020). Only some studies
reported an increased risk of pregnancy losses (Kazemi et al. 2021), al-
though the difficulty in measuring pregnancy losses, especially in the first
months of pregnancy (Woods 2009) probably mean that they are under-
reported. There is also mixed evidence on whether pregnancy increased
the risk of COVID-19-related mortality (Elsaddig and Khalil 2021; Rajewska
et al. 2020; Jamieson and Rasmussen 2022). Thus, it is difficult to adjudicate
whether COVID-19 infections led to better birth outcomes due to positive
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MARCO COZZANI ET AL. 5

selection of fetuses (increased pregnancy losses) or worse birth outcomes
due to worsening perinatal health of survivors.

Ironically, the introduction of nonsanitary measures to contain the in-
fection may have improved birth outcomes. Lockdowns reduced pregnant
women’s exposure to socioemotional and environmental stressors that af-
fect life in ordinary circumstances. The lowered exposure to stressors may
have contributed to better birth outcomes because stress during pregnancy
is linked with premature deliveries (McLean et al. 1995; Torche 2011; Coz-
zani, Triventi et al. 2021). Moreover, pregnant women may have experi-
enced less travel-related stress and viral or bacterial infection due to fewer
social interactions, as well as they may have benefitted from reduced ex-
posure to pollution. However, stay-at-home orders may have also trig-
gered mechanisms that worsen birth outcomes. For example, lockdowns
increased exposure to domestic violence (Piquero et al. 2021), deterio-
rated health behaviors (Mata et al. 2021), increased load in housework
(Brini et al. 2021), reduced access to medical care, and increased economic
uncertainty.

Lockdowns have been linked to declining PTB in many countries in-
cluding Denmark (Hedermann et al. 2021), Ireland (Philip et al. 2020), the
Netherlands (Hedermann et al. 2021), Italy (De Curtis, Villani, and Polo
2021), Australia (Matheson et al. 2021), Austria (Kirchengast and Hart-
mann 2021), and Botswana (Caniglia et al. 2021). Other studies found no
change or even increasing rates of prematurity in Argentina (Cuestas et al.
2021), Jordan (Badran et al. 2021), and Spain (Arnaez et al. 2021). A recent
systematic review and meta-analysis found indications of a decrease in PTB
but no indication of an increase in stillbirths (Yang et al. 2021).

The congestion and strain of hospital wards may have also played a
role. Hospitals suffered due to supply shortage (Ranney, Griffeth, and Jha
2020), personnel shortage (Garcia-Basteiro et al. 2020; Houlihan et al. 2020;
Nguyen et al. 2020), and burnout (Torrente et al. 2021; Shechter et al. 2020;
Quintana-Domeque et al. 2021). A direct consequence of hospital strains
was delay in deliveries (Breman et al. 2021), which may have increased
the risk of complications during deliveries. However, a potential decline or
delay in the use of c-sections and medically induced labor increase gesta-
tional age and, consequently, birthweight (Saccone et al. 2019). Lower use
of c-sections and induced labor have been causally linked to better birth
outcomes during nonpandemic periods (Maibom et al. 2021), and a similar
logic may play out during the pandemic.

Data and methods

Data

We use Spanish birth certificate data to assess early trends in fertility and
birth outcomes after the onset of the COVID-19 pandemic. Birth certificates
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6 COVID-19, FERTILITY, AND BIRTH OUTCOMES

are cross-sectional population-level birth registers including the whole uni-
verse of births in Spain, and they are collected by the Spanish Statistical
Institute (Instituto Nacional de Estadistica—INE) since 1975. They are con-
structed from a questionnaire filled by parents at the time of the inscription
of the newborn into the civil register and collection of information on the
circumstances of delivery, parental sociodemographic characteristics, and
children’s anthropometric measures. It is worth noting that anthropomet-
ric measures in the birth certificates are generally consistent with hospital
records, especially for frail deliveries (Juarez et al. 2012). Our target popu-
lation consists of about 4.2 million births occurred in Spain between 2010
and 2020.

Variables

We combine information from birth certificates and population statistics
from INE to construct age-specific fertility rates (ASFR) and total fertility
rates (TFR) at the monthly level. ASFR measures the number of children
born per thousand women at each age. We calculate the ASFRs across age
15-49. Since we use monthly data on births, we multiply the thus calcu-
lated ASFRs by 12 months to transform them into more commonly used
annualized measures. TFR captures the expected number of children born
to a woman if she was to follow the current ASFR across her reproductive
lifetime.

We use four widely adopted indicators of perinatal health that proxy
for children’s developmental potential (Torche and Conley 2016; Boardman
et al. 2002)—two continuous indicators measuring birth weight (grams)
and gestational age (weeks), and two binary indicators reporting whether
the child is born preterm (<37 weeks of gestation, PTB) or LBW (<2,500
g, LBW). The latter binary indicators are particularly relevant as they
capture frail newborns more at risk of future morbidity and mortality
(Aarnoudse-Moens et al. 2009).

Some of the analyses are performed separately by parity and maternal
education. Parity distinguishes firstborns from other siblings. Maternal ed-
ucation is used as a proxy for maternal SES and measures whether mothers
have a tertiary degree.

Analytical strategy

First, we estimate monthly development in (seasonally adjusted') TFR and
decompose TFR changes in October-December 2020 across age, parity, and
maternal education. Second, we perform OLS regressions to examine if
birth outcomes (birth weight, gestational age, PTB, and LBW) changed im-
mediately after the outbreak of the COVID-19 pandemic. More specifically,
we estimate a separate OLS model for each birth outcome predicting their
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MARCO COZZANI ET AL. 7

value for each month between January 2010 and December 2020 (based
on a model including a combination of month and year of birth among the
predictors). In this way, we highlight any deviation in the trends over 2020
compared to the 10 years prior. All analyses are adjusted for the sex of the
newborn, maternal age, parity, maternal marital status, municipality size,
and the province of birth. Also, these analyses are performed separately by
parity and maternal education. The unadjusted results are largely similar to
the ones reported in the main text (see Supplementary Figures A1-A3 and
Supplementary Tables A1-A4 for the unadjusted birth outcomes monthly
levels). We further cross-validate main findings on birth outcomes using an
alternative empirical strategy.

The impact of the pandemic on birth outcomes may not have been
constant along the distribution of birthweight and gestational age. If, for
example, the pandemic led to early pregnancy loss of very frail fetuses, the
effect on birthweight should be driven by fewer very low birthweight births
and concentrated at the bottom of the distribution. On the other hand, if
the pandemic caused mothers to be more cautious, thereby general increas-
ing gestational length and birthweight, we should expect a more uniform
impact across the birthweight distribution. To consider heterogeneity across
the continuous outcome variables, we estimate counterfactual distributions
(Chernozhukov, Fernandez-Val, and Melly 2013). This allows us to exam-
ine what parts of the distribution of birthweight and gestational age changed
the most during the pandemic, including considering the possibility effect
may be heterogeneous and even of opposite sign at different parts of the dis-
tribution under the assumption of rank stability (i.e., that no children’s birth
outcomes switched places in the distribution conditional on covariates).

As a robustness check, we account for seasonal patterns and autocor-
relation (Gemmill, Casey, Margerison et al. 2022) by estimating changes in
birthweight and gestational age using an interrupted time series design (Box
and Tiao 1975), examining whether including the last three months of 2020
as distinct events corroborated the findings from the OLS models. This al-
lows us to examine how these months departed from expected trends. For
the sake of brevity, we briefly comment on these findings in the main text
and include the results in the Supporting Information.

Results
Trends in fertility

The upper panel of Figure 2 shows the monthly TFR trends from January
2016 to December 2020. The lighter line shows the actual TFR trend, and
the darker line refers to the seasonally adjusted TFR using the software
provided by Sax and Eddelbuettel (2018). The middle-upper panel shows
changes in ASFR decomposed by parity in comparison to the same month
in 2019. The middle-lower panel displays relative changes in the ASFR
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COVID-19, FERTILITY, AND BIRTH OUTCOMES

FIGURE 2 Spanish TFR (2016-2020) and differences in ASFR (2019-2020)
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NOTE: The upper panel shows monthly TRF (lighter line) and seasonally adjusted monthly TFR (darker line).
We adjust for seasonality using the X-13ARIMA-SEATS seasonal adjustment program (Sax and Eddelbuettel
2018). The upper-middle panel shows ASFR decline (2020 vs. 2019) decomposition by parity. The
lower-middle panel displays relative changes in the ASFR between the same month in 2019 and 2020. The
bottom panel shows ASFR decline decomposition by maternal education. For the lower middle figure for
December 2020, we have left out women at age 49.

SOURCE: Spanish birth certificates (2010-2020) and population figures from INE (women aged 14-49)
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MARCO COZZANI ET AL. 9

between the same months in 2019 and 2020. Finally, the bottom-lower
panel shows ASFR changes between 2019 and 2020 decomposed by mater-
nal education.

Although there is an ongoing trend of TFR decline for the entire pe-
riod considered, we observe a sharp drop in TFR in November and espe-
cially, December 2020. TFR drops to about 1.13 in November and below 1
in December, thus reaching unprecedentedly low levels. Most of the fertil-
ity decrease is driven by first births in November and especially December
(see the middle-upper panel). In December, the decline is heavily driven by
both young mothers without a tertiary degree and highly educated mothers
above 34 years of age (lower panel). The largest relative ASFR decrease oc-
curred in women at the beginning and the end of the reproductive age span
(below 20 and above 40), around 20-25 percent in October and November
and 40-50 percent in December (middle-lower panel), respectively.

Trends in birth outcomes following the COVID-19 pandemic

Figure 3 shows the monthly averages of birthweight and gestational age
for the period 2010-2020, without (lighter line) and with (darker line) sea-
sonal adjustment. Births likely to be affected by the pandemic (October—
December 2020) are marked by a gray box. Even after adjusting for season-
ality, the average birthweight in October—-December 2020 was well above
any monthly average recorded in 10 ten years prior. November 2020 repre-
sents the highest average gestational age in the entire time series, and the
average gestational age in December 2020 was also higher than the average
since 2010.

Figure 4 displays trends and 95 percent confidence intervals of birth
weight (grams), gestational age (weeks), PTB, and LBW for each month be-
tween January 2010 and December 2020, obtained using OLS models and
adjusting for covariates. Supplementary Figure S1 reports the unadjusted
results. Gray lines show monthly trends in birth outcomes for each year
between 2010 and 2019; the red line displays the monthly trend in birth
outcomes for 2020. We generally observe deviations from decennial trends
in birth outcomes eight-to-ten months after the declaration of the state of
emergency in March 2020. A remarkable improvement in the month of
November occurred for all the birth outcomes considered, accompanied by
smaller improvement in December and partly in October (for gestational
age, the difference is only statistically significant in November). These re-
sults are in line with evidence from the United States, where it is found
that the largest improvement in birth outcomes occurred in November 2020
(Gemmill, Casey, Catalano et al. 2022).

In November 2020, children weighted on average about 3,257 g, 27
g more than the highest average of the same month within the previous
decade (2011: 3,230 g). In December, the same increase was of about 19 g
(3,247 g in 2020 vs. 3,228 in December 2019). Similarly, the share of LBW
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10 COVID-19, FERTILITY, AND BIRTH OUTCOMES

FIGURE 3 Monthly trends in birth weight and gestational age with (dark
line) and without (lighter line) seasonal adjustment for Spain, 2010-2020
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SOURCE: Spanish birth certificates 2010-2020.
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MARCO COZZANI ET AL. 11

FIGURE 4 Birth outcome trends 2010-2020
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children reached the decade trough (5.9 percent) in November 2020 com-
pared to the previous one of 7 percent in November 2010. In December, 6.7
percent of children were born LBW, that is 0.4 percentage point less than
the lowest figure for the same month in the previous decade (in 2011).
Estimated trends for the rest of the 2020 are in line with trends from the
previous years. Results for gestational age and PTB follow a similar pattern.
November 2020 is the month with the largest improvements. Gestational
age increased by about one-third of a day (0.048 weeks) in November 2020
with respect to the previous peak in November 2015. The incidence of PTB
dropped to 5.2 percent, one percentage point lower than at the previous
trough in the same month (2019).

Modeling birthweight and gestational age as time series yield similar
results. The time-series models reported in table S5 in the Supporting Infor-
mation show a 11-gincrease in birthweight in October 2020, a 34-g increase
in November, and a 21-g increase in December relative to expected levels
(after adjusting for general and seasonal autoregressive terms). For gesta-
tional age, we find no significant increase in October and 1.4 and 0.8 days
increases in November and December 2020, respectively.

To investigate if the observed reduction in fertility in December and
the improvements in birth outcomes in November originated at the same
time, we explore whether they coincide at the time of conception. Precise
information on the date of birth was not available as the data only included
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FIGURE 5 Trends in conceptions by preterm status 2019-2020, week 1 to
week 15
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NOTE: The left panel displays a number of conceptions of children born before the 37th week of gestation.
The right panel displays the number of conceptions of children born between the 37th and 39th week of
gestation. Figure obtained by estimating the week of conception by randomly assigning the date of birth and
by subtracting the weeks of gestation. Estimates obtained by bootstrapping 1000 simulations.

SOURCE: Spanish birth certificates 2010-2020.

information on birth month. We reconstructed the week of conception
using information on gestational weeks and randomly assigned the exact
day of birth in a month in 1,000 simulation draws. Because we do not know
neither day nor week of birth, and because gestational age has an error
margin of 14 days, we cannot expect to see a clear drop in conceptions
at the start of the pandemic even if our hypothesis holds. What we instead
should see is a gradual decline in the weeks leading up to the pandemic.
Figure 5 displays the number of preterm and at-term conceptions in the
first 15 weeks of 2020 compared to 2019. We observe that a sharp decline
starts around the ninth week of 2020 (February 24-March 2), two weeks
before the declaration of the state of emergency and the nationwide stay-
at-home order in Spain (March 14, 2020) for PTB, and slightly before for
conceptions resulting in at-term birth. Assuming a two-week difference
between the last menarche and when the conception occurred, it seems
that the decline in conceptions ending up in a preterm delivery occurred
in coincidence with the beginning of the first COVID-19 wave in Spain.

Heterogeneities by parity, maternal education, and along the
distribution of birth weight and gestational age

Figure 6 replicates Figure 4 by parity. Supplementary Figure S2 reports re-
sults without conditioning on covariates. Overall, second or higher parity
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FIGURE 6 Birth outcome trends 2010-2020 by parity
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NOTE: Estimates obtained by adjusting for maternal age, migrant status, child’s sex, province, and municipal
size. Standard error clustered at the province level.
SOURCE: Spanish birth certificates 2010-2020.

born have better average birth outcomes than firstborns. And yet improve-
ments in birth outcomes in November concentrate on firstborns (especially
when looking at LBW and PTB). For example, LBW decreased to 7 percent
in November 2020 from a previous low of 8.2 percent in 2010 for firstborns.
Declines are even stronger in PTB. In November 2020, PTB decreased to 5.3
percent from a low of 6.9 percent in November 2019.

Figure 7 replicates Figure 4 by the mother’s education. Results from
models that do not adjust for covariates are in Supplementary Figure S3.
Overall, birth outcomes improved in November and December regardless
of the mother’s education, with mothers with tertiary degrees seeing bigger
improvement in birthweight and gestational age, but mothers without uni-
versity education seeing larger improvements with regard to LBW and PTB.

Were improvements in birth outcomes heterogeneous along the dis-
tribution of birthweight and gestational age? To analyze this question, we
compare the cumulative distribution of birth weight and gestational age in
2020 and 2019. Figure 8 shows the probability of children born between
September and December 2020 to remain below a certain threshold of birth
weight and gestational weeks compared to the same months in 2019. We
also include September to benchmark a month where we expect no ma-
jor differences. Vertical lines show the WHO thresholds for LBW (2,500 g)
and very LBW (1,500 g) and PTB (37 weeks), very PTB (32 weeks), and
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FIGURE 7 Birth outcome trends by maternal education (2010-2020)
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NOTE: Estimates obtained by adjusting for maternal age, migrant status, child’s sex, province, and municipal
size. Sample limited to those with educational information. Standard error clustered at the province level.
SOURCE: Spanish birth certificates 2010-2020.

extremely PTB (27 weeks). Overall, we find that in November children’s
birth weight and gestational age shifted toward the center of the distribu-
tion, with firstborns being particularly less likely to be born around the LBW
and PTB thresholds. Higher order births experienced a similar shift toward
higher weight and longer gestational ages, but predominantly among the
part of the distributions located at the right of the thresholds for LBW and
PTB. In December, only firstborns in the middle of the distribution improved
their birth weight and gestational age.

Trends in maternal age and multiple births

We now compare the composition of births in 2020 and 2019 in terms of
maternal age and multiple births. We choose the 2019 as comparison year
because the general increase in maternal age across the 2010s and the sec-
ular trends in twin births may introduce unwanted biases in gauging the
magnitude of the 2020 change (Pison, Monden, and Smits 2015). Results
are presented in Supplementary Figure S4. In line with ASFR estimates,
there is a substantial decrease in maternal age in December 2020 (smaller
in November). Regarding multiple births, there is a similar decrease in both
November and December. The simultaneous decrease in multiple births and
maternal age, together with ASFR reduction among women at the end of
their fertile age, suggests that access to MAR may have played a role in
shaping the fertility dip in November and December 2020. Older women
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FIGURE 8 Difference across birth weight and gestational age
distributions between 2019 and 2020 (September-December)
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are more likely to use MAR and deliver multiple births (Goisis et al. 2019;
ESHRE 2003). MAR is also linked with worse birth outcomes (Goisis et al.
2019), and thus fewer MAR children due to unavailability of treatments
during lockdowns may have contributed to the general improvement in
birth outcomes.

Conclusions and discussion

Birth outcomes improved while fertility declined in the wake of the first
wave of the COVID-19 pandemic in Spain. These two observations were
reported by many studies analyzing either fertility or birth outcomes in a
variety of countries. To the best of our knowledge, this article is the first to
jointly observe the two dynamics by adopting a coherent theoretical and
empirical framework. We reconcile these seemingly contradictory findings
by linking determinants of fertility and birth outcomes at the time of con-
ception, pregnancy, and delivery. We showed that birth outcomes improved
in November 2020, eight months after the first wave of the COVID-19 pan-
demic hit Spain. This was then followed by a reduction in the fertility rate
beginning in November 2020 but with the largest reduction occurring in De-
cember. The reduction occurred predominantly for first births, for women
without tertiary education, and at the tails of the reproductive age span.

Why did the first wave of the COVID-19 pandemic result in reduced
fertility and improved birth outcomes eight-nine months later? And why
did we observe an improvement in birth outcomes first and a reduction in
fertility only after? We argued that the COVID-19 pandemic had a selective
impact on fertility and changed the composition of live births in November
and December. The selective fertility response to the first wave of the pan-
demic thus generated a wave of ““missing children’”” that would have been
at higher risk of frailty.

Regarding the selective nature of the fertility response, we presented
evidence from three groups of women that substantiate this narrative. First,
the large decline in first births and births to relatively young and low edu-
cated mothers is compatible with the narrative of decreases in fertility due
to increased uncertainty of the future (Aassve et al., 2021; Arpino, Luppi,
and Rosina, 2021). Whether this reflects a postponement or a more per-
manent forgoing of childbearing depends on the willingness and ability of
these women to have children in the future. Because mothers with low
education are more likely to deliver children with poorer birth outcomes
(Kramer et al. 2000; Aizer and Currie 2014), this (temporary) decline has
likely contributed to the aggregate-level improvements in birth outcomes
that we observe.

Second, we observed a simultaneous decline in births to older highly
educated mothers as well as in multiple births eight-to-nine months after
the sudden closure of MAR centers in March 2020 (Vermeulen et al. 2020).
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FIGURE 9 Conceptual model on the timing of conceptions, birth outcomes,
and TFR changes
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MAR conceptions are more likely among childless highly educated older
women and more often result in multiple births (Cozzani, Aradhya et al.
2021; Goisis et al. 2020). MAR conceptions are also more likely to result
in an early delivery and poor birth outcomes more in general (Goisis et al.
2019).

Third, we observe a simultaneous decline in births among (very)
young women and first births in November and December 2020. This sug-
gests a decline in unplanned pregnancies, which are at higher risk of poor
birth outcomes (Chen et al. 2007), immediately after the introduction of
stay-at-home orders in March 2020.

Altogether, these fertility-related factors suggest that the first wave of
the COVID-19 pandemic (March 2020) may have contributed to a wave of
“missing children” at higher risk of frailty through a reduction in fertility
of three groups of women among whom poor birth outcomes are overrep-
resented: the very young, the low educated, and women conceiving with
the aid of MAR treatments.

How did this selective reduction in conceptions translate to an im-
provement in population-level birth outcomes in November that weakened
in December, but a decline in births in November that gained strength in
December? We summarize our argument in Figure 9.

The reduction in March conceptions that would have led to PTB (and
LBW) meant that fewer children were born prematurely (seven to eight
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months after conception) in November than in the preceding months. In
other words, there was a reduction in the numerator (premature births)
of the PTB rate (Zeeimbiths ) However, since at-term births—which consti-
tute the bulk of all births—in November were conceived already before the
start of the first COVID-19, the denominator of the PTB rate (all births) was
less affected. This changed in December when the effect of the decrease in
March conceptions became fully visible with a drop in at-term births. This
can have contributed to the weakening of population-level birth outcomes
compared to November through a decrease in the denominator of the PTB
rate. As the number of births declined, the PTB rate would increase even
without a change in PTB. Yet the latter may also have changed, as MAR
clinics opened again in April (Requena et al., 2020) and socialization be-
came possible again after the relaxation of stay-at-home measures after late
May 2020, which may have led to an increase in conceptions in April and
May and increase in PTB births in December. Although the above narrative
relates primarily to PTB, it will account for a majority of LBW births as well
as most LBW can be attributed to PTB in modern societies such as Spain.

In addition to selective conception rates, pregnancy losses (Woods,
2009) due to the socioemotional circumstance around the onset of the
COVID-19 pandemic as well as the direct consequences of infections can
have contributed to the selective decline in births, where the frailest fetuses
are most likely to be lost. Unfortunately, data on early pregnancy losses,
when most of them occur (Holman and Wood 2001), are usually not avail-
able in large-scale administrative data, including ours, and we leave for fu-
ture research to assess the role of pregnancy loss in accounting for the joint
decline in fertility and improvement in population-level birth outcomes.

In conclusion, we caution overinterpreting improvements in birth out-
comes in the aftermath of the first wave of the COVID-19 pandemic as pos-
itive side effects from a social justice or a public-health perspective. Indeed,
they appear at least in part to be explained by selectivity into conception,
thus representing a change in the composition of children being born. A
follow-up on the cohort of children exposed to the COVID-19 pandemic in
utero with the compositional changes in mind may be necessary for a better
understanding of the long-term consequences.
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