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by Edoardo Frattola* and Marco Tonello**

Abstract

In this paper, we leverage newly available rich administrative data to study the heterogeneous
evolution of fertility and newborn health during the pandemic. We focus on Tuscany, a
representative region of Italy, which was one of the first countries to experience the severe
impact of the COVID-19 outbreak in early 2020. Our findings indicate a decline in the number
of births relative to the pre-pandemic trend in late 2020 and early 2021, roughly nine to twelve
months after the pandemic onset. However, starting in March 2021, birth numbers consistently
exceeded the pre-pandemic trend, resulting in a cumulative “baby bump” compared to the
counterfactual scenario. This aggregate increase conceals significant heterogeneity across
sociodemographic groups, with positive deviations entirely driven by native, educated, and
employed parents. During the same period, newborn health indicators showed no signs of
deterioration and, if anything, slightly improved.
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1 Introduction!

In the aftermath of the COVID-19 outbreak, most demographers and social scientists anticipated
a “large, lasting baby bust” in developed countries (Kearney and Levine, 2020). This pessimistic
view, supported by Google searches for fertility-related words (Wilde, Chen, and Lohmann, 2020)
and early aggregate data from vital statistics (Aassve et al., 2021; Sobotka et al., 2021; Caracciolo,
Lo Bello, and Pellegrino, 2021), was grounded in at least two key arguments. First, the public health
emergency immediately led to severe economic consequences in terms of higher unemployment and
lower income, which were expected to lead to fewer births, given the procyclicality of fertility (see
e.g. Sobotka, Skirbekk, and Philipov, 2011; Schaller, Fishback, and Marquardt, 2020).2 Second, the
COVID-19 shock dramatically heightened uncertainty about the future, undermining a key factor
in couples’ fertility decisions (Guetto, Bazzani, and Vignoli, 2022).3

However, as more data became available, these predictions were revised upward, and new evi-
dence revealed that after a substantial drop in births in late 2020, fertility rebounded in 2021 across
several high-income countries (Sobotka et al., 2023; Kearney and Levine, 2023). Using administra-
tive microdata on the universe of births in the US and in Spain, respectively, Bailey, Currie, and
Schwandt (2023) and Gonzélez and Trommlerova (2024) document heterogeneity in fertility patterns
across different groups of mothers. In both countries, while births to foreign women plummeted
and did not fully recover afterward, natives experienced an overall net increase in fertility relative
to the pre-pandemic trend. Additionally, the largest positive deviations among US-born mothers
were observed for first births, women with a college education, and those in the 20-24 and 30-34
age groups. Whether this trend reversal is a temporary phenomenon remains an open question.

In addition to changes in fertility behavior, the pandemic was also expected to lead to more risks

for newborn health, given the established association between maternal stress and preterm births

'We would like to thank the Tuscan Regional Health Agency, and in particular Fabio Voller, Martina Pacifici, and
Monia Puglia, for sharing with us aggregate data on birth certificates. We also thank Luca Casolaro, Federico Cingano,
Andrea Cintolesi, Thomas Crossley, Paolo Del Giovane, Silvia Del Prete, Elena Gennari, Libertad Gonzalez, Andrea
Ichino, Giulio Papini, and all the participants at the BSE Labor Summer School 2024, the SIEP Annual Conference
2024, and the EUI working groups for their insightful comments. The views expressed in the paper are those of the
authors and do not necessarily reflect those of the Bank of Italy.

2The procyclicality observed in various studies at the aggregate level has a microeconomic foundation in Becker
(1960)’s theory of children as “normal goods”, whose demand increases with income.

3Survey evidence from both the US and Europe confirmed that during the first months of the pandemic, many
women expressed a greater willingness to delay or forgo childbearing (Lindberg et al., 2020; Luppi, Arpino, and
Rosina, 2020).



(Dole et al., 2003) or low birthweight (Diego et al., 2006). Empirical results from population-level
studies are conflicting. In a paper closely related to ours, Silverio-Murillo et al. (2024) show a sharp
deterioration of infant health at birth in Mexico following the COVID-19 outbreak; on the other
hand, Been et al. (2020) find that the implementation of mitigation measures in the Netherlands
was associated with a substantial reduction in preterm births, while Shah et al. (2021) report no
unusual change in Canada. The existing evidence from hospital-based studies is similarly mixed
(see, e.g., Khalil et al., 2020; Kim et al., 2021).

In this paper, we examine the evolution of fertility and newborn health in Tuscany, a region
representative of Italy, which was one of the first countries to be severely hit by the COVID-19
pandemic.? Using newly available and very rich administrative data on the universe of birth certifi-
cates collected by the Tuscan Regional Health Agency through December 2022, we analyze fertility
behavior across various sociodemographic groups, defined according to parents’ citizenship, educa-
tion, employment, age, and maternal childbearing history. In particular, this study makes three
key contributions to the literature. First, to the best of our knowledge, it is the first time that not
only mothers’ but also fathers’ characteristics are examined, allowing us to assess potential gender
differences in fertility responses to the pandemic shock. Second, our data enable us to differentiate
between employed and non-employed parents and explore the intersection of occupational status and
education, offering insights into the mechanisms driving the observed heterogeneity. Third, beyond
fertility outcomes, we investigate newborn health, specifically preterm and underweight births, and
assess how these indicators evolved across different sociodemographic groups.

We adopt the methodology of Bailey, Currie, and Schwandt (2023) by comparing observed
outcomes to a counterfactual based on pre-pandemic trends. Our findings show that the overall
number of births fell below the pre-pandemic trend in late 2020 and early 2021, i.e., approximately
nine to twelve months after the beginning of the pandemic, but rebounded in the rest of 2021 and in
2022. Conceptions generally dipped below the counterfactual around the major pandemic waves but
were offset by positive deviations between these waves, resulting in a cumulative net increase in births
relative to the pre-pandemic trend. This aggregate “baby bump” masks significant heterogeneity

across sociodemographic groups. Births exceeded the trend only among mothers who were Italian,

4The first contagion in Italy was recorded on February 21, 2020, and the first death was as early as February 22.
The corresponding values for Tuscany are February 25 and March 9, respectively.



held at least a high school degree, were employed, and aged 30 to 39. In contrast, foreigners, less
educated, unemployed women, and those at the younger and older extremes of reproductive age
experienced a “baby bust” during the pandemic. The pattern is almost identical when analyzed by
fathers’ characteristics, an aspect that has not been highlighted in previous literature. These findings
suggest that the positive fertility response to the pandemic was concentrated among individuals in
relatively favorable economic conditions, with stable jobs, more likely to already be in a couple,
and able to benefit from new arrangements, such as remote work, which became more diffused after
2020.

In addition, the data from birth certificates allow us to examine whether newborn health was
heterogeneously affected during the pandemic. Using two widely recognized indicators of infant
health (preterm and underweight births), we find no evidence of deterioration, contrary to the
findings shown in a different context by Silverio-Murillo et al. (2024). If anything, both indicators
slightly improved, possibly reflecting (i) a shift in births from groups more exposed to health
risks to those less exposed or (ii) a general reduction in maternal stress among certain pregnant
women. Our heterogeneity analysis support both hypothesis. On the former, we observe that the
increase in the number of birth is concentrated in groups potentially less exposed to preterm and
underweight births, such as mothers in the median age range for their first delivery. Supporting the
latter hypothesis, we observe that the improvement in newborn health was more pronounced among
native, educated, and employed parents, that is, once again, among groups in better economic
conditions and more likely to benefit from remote working opportunities.

The rest of the paper is structured as follows. Section 2 summarizes the key features of the
pandemic in Italy. Section 3 presents the administrative data and the methodology employed to
assess the dynamics of fertility and newborn health during the pandemic. Section 4 shows and

discusses the results of our analysis. Section 5 concludes.

2 Background

Italy was one of the first Western countries to experience severe impacts from the spread of COVID-
19. The pandemic first emerged in late February 2020, when the country reported its initial con-

firmed cases in the northern region of Lombardy. By early March, Italy became the epicenter of the



pandemic in Europe, witnessing a rapid escalation in infections and deaths. The Italian government
responded swiftly, imposing a nationwide lockdown on March 9, 2020, which included stringent
travel restrictions, the closure of non-essential businesses and schools, and social distancing mea-
sures. Italy’s healthcare system was overwhelmed as hospitals faced shortages of medical supplies
and intensive-care unit (ICU) beds. The government later implemented widespread testing, contact
tracing, and phased reopening strategies to curb the virus’s spread, but Italy experienced multiple
waves of infection throughout 2020, 2021, and into early 2022. In particular, four major pandemic
waves have been identified based on the number of ICU patients. The first one, from February to
May 2020, coincided with the initial state of emergency declared by the Italian Ministry of Health.?
The second, third, and fourth wave followed in October-December 2020, March-May 2021, and
January-February 2022, respectively.

In our analysis, we use novel administrative data from birth certificates ( Certificati di Assistenza
al Parto, henceforth CAP) collected by the Tuscan Regional Health Agency, which are not available
at the national level. For this reason, we focus our study on Tuscany, a region that remains
representative of broader Italian dynamics across various domains.® Both its population (3.7 million)
and nominal GDP (115 billion euros) weigh around 6% of Italy’s totals, with a per-capita GDP
very close to the national average (31,200 and 30,100 euros, respectively). Similarly, demographic
indicators such as mean age (47.7 years), birth rate (5.9 per 1,000), and total fertility rate (1.16)
are comparable to their national counterparts (46.2, 6.7, and 1.24, respectively). The severity of
the pandemic was also almost identical in the two areas: the proportion of the population infected
at least once was 45.2% in Tuscany, compared to 45.3% nationally, while the respective COVID-19

death rates were 341 and 333 per 100,000 inhabitants.

3 Data and methodology

Our dataset covers the universe of births that took place in public or private hospitals in Tuscany
between 2002 and 2022. The CAP is filled in by a birth attendant (a doctor or a midwife) or the

physician responsible for the delivery unit, no later than ten days after birth. This record provides

5The Ttalian Ministry of Health declared the COVID-19 health emergency on January 31, 2020, following the
World Health Organization’s declaration of a public health emergency of international concern.
SAll data cited here are sourced from Istat and the Italian Ministry of Health.



detailed information on the pregnancy, newborn characteristics, parental demographics, and several
indicators of infant health at birth, which are not available in national vital statistics. We had
access to an aggregate version of the CAP dataset,” which contains the monthly number of live
births for different sociodemographic groups categorized by parents’ citizenship (Italian or foreign),
age (under 30, 30-34, 35-39, or 40 and above), education level (with or without a high school degree),
occupational status (employed or not), and the mother’s childbearing history (first-time mother or at
least one prior delivery). Additionally, the dataset provides information on preterm and underweight
births, two widely recognized indicators of infant health, disaggregated by the sociodemographic
groups defined above. Preterm births are classified as those occurring before 37 weeks of gestation,
while underweight births refer to infants weighing less than 2,500 grams at birth.® To the best
of our knowledge, this is the first time that all these pieces of information can be combined so
to provide a comprehensive analysis of the heterogeneous effects of the pandemic on both fertility
and newborn health. For example, no prior research has examined fathers’ characteristics alongside
those of mothers or jointly considered both parents’ employment status and education.

Our main outcome variables are the monthly birth count, the monthly share of preterm births,
and the monthly share of underweight births. To examine the evolution of these outcomes during
the COVID-19 pandemic, we follow the methodology outlined in Bailey, Currie, and Schwandt
(2023). First, we seasonally adjust the outcomes by regressing them on calendar month fixed
effects, using only observations from the pre-pandemic period (2015-2019) to avoid taking into
account any effect of the pandemic. We then predict the residuals of this regression for the entire
period (2015-2022) and add them to the pre-pandemic mean of the outcome. Second, we estimate an
outcome-specific pre-pandemic trend by regressing the seasonally adjusted outcome on a linear trend
with observations from January 2015 to December 2019 and then predicting the fitted values (and
their confidence intervals). Finally, we calculate the absolute or percent deviations from the pre-
pandemic trend’s extrapolated values in 2020-2022, which correspond to our counterfactual scenario
during the pandemic. This procedure follows the approach of Bailey, Currie, and Schwandt (2023)

for the U.S., but in a later Section we will also check for the robustness of our findings to alternative

"Due to privacy concerns, access to individual-level data was not granted. Consequently, our analysis is confined to
the groups and subgroups defined by the Tuscan Regional Health Agency so to comply the Italian privacy restrictions
set by the law.

8 These definitions follow the global standards adopted by health authorities, including the Tuscan Regional Health
Agency.



pre-pandemic trend specifications.

4 Results

4.1 Birth count

We first look at the aggregate birth count. Figure 1 plots the seasonally adjusted birth count from
January 2015 to December 2022, alongside the pre-pandemic linear downward trend (solid blue
line) and its 95% confidence interval (dashed blue lines). The shaded grey areas correspond to
the four major pandemic waves (February-May 2020, October-December 2020, March-May 2021,
January-February 2022), each shifted forward by nine months to reflect the typical gestation period.
Since we only have monthly data on deliveries, we assume that births in month m correspond to
conceptions in month m — 9. In late 2020 and early 2021, i.e. approximately nine months after the
first wave and lockdown, the observed number of births fell significantly below the pre-pandemic
trend, reaching a negative peak in November 2020, the earliest point at which a behavioral response
to the pandemic could be expected. However, from March 2021 onwards, birth counts rebounded
quickly and remained above the trend line for most of the period of analysis, with some months even
exceeding the upper bound of the confidence interval. Notable exceptions occurred in mid-2021,
late 2021, and late 2022, where the number of births again dipped below the trend, likely due to
missed conceptions around the second, third, and fourth waves, respectively. As reported in Table
1, we estimate a 2.0% drop in total births in 2020 relative to the counterfactual trend, more than
compensated by positive deviations of 3.1% in 2021 and 3.7% in 2022. Overall, the cumulative
absolute deviation during the three-year pandemic period amounts to just over 1,000 excess births,
representing an increase of 2.2%.

Using aggregate data from the Italian National Bureau of Statistics (Istat), we can replicate
the same exercise for Italy as a whole. As shown in Figure A1, the results closely mirror those
for Tuscany, with a negative deviation from the pre-pandemic birth trend in late 2020, followed
by substantial rebounds in 2021 and 2022. This similarity reinforces the notion that Tuscany is
representative of the national average also in this domain, as discussed in Section 2. Given that
national-level data do not allow to perform any heterogeneity analysis, for the remainder of the

paper, we will focus exclusively on Tuscany, leveraging the richness of the data provided by the
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Figure 1: Birth count
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Notes: Authors’ calculations on aggregate birth certificates (Certificati di Assistenza al Parto, CAP) provided
by the Tuscan Regional Health Agency. The number of births is seasonally adjusted. The solid blue line is
the outcome-specific linear pre-pandemic trend estimated for the period between January 2015 and December
2019. The dashed blue lines are the upper and lower bound of a 95% confidence interval around the trend. The
shaded grey areas correspond to the four major pandemic waves (February-May 2020, October-December 2020,
March-May 2021, January-February 2022), moved forward by nine months.

Regional Health Agency.

4.2 Heterogeneity in fertility by parents’ characteristics

The aggregate fertility dynamics mask a substantial heterogeneity across sociodemographic groups.
First, the overall positive deviation from the trend during the pandemic is driven entirely by Italian
mothers and fathers, as illustrated in Figure 2. In contrast, births to foreign parents exhibited
strongly negative deviations each year, with foreign mothers experiencing declines between 9% and
10% and foreign fathers between 3% and 6% (Table 1). In particular, births to foreign mothers
sharply fell below the pre-pandemic trend in the first half of 2020, dipping below the confidence
interval as early as April, well before any behavioral response to the COVID-19 outbreak could have
been anticipated. This early decline in births among foreign mothers likely reflects a reduced inflow
of pregnant women arriving in Italy following the declaration of a health emergency, driven by either
international travel restrictions or concerns for safety in leaving their home countries. For foreign
women already residing in Tuscany prior to the pandemic, behavioral changes may have emerged
in late 2020. This is evident in Figure 2b, which shows that the number of births significantly

lagged behind the trend from November 2020 to February 2021, with monthly negative deviations
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Table 1: Births and deviations from trend by parents’ characteristics

2019 2020 2021 2022 2020-22

Births Births Dev. Dev.% Births Dev. Dev.% Births Dev. Dev.% Dev. Dev.%
A. Mother’s characteristics
Italian 17,317 16,845 149 0.9 17,277 1,339 84 16,583 1,404 9.2 2892 6.0
Foreigner 6,692 6,038 -618 -9.3 5,747 -644 -10.1 5504 -622 -10.1 -1,883 -9.8
With HS degree 17,414 16,847 78 0.5 18,334 2479 156 17,664 2,722 182 5,279 11.1
Without HS degree 6,595 6,036 -547 -8.3 4,690 -1,783 -27.5 4,423 -1940 -30.5 -4,269 -22.0
Employed 15,224 14,597 -256 -1.7 14,609 371 2.6 14,511 888 6.5 1,002 2.3
Not employed 8,785 8,286 -212 -2.5 8,415 325 4.0 7,576 -106 -1.4 7 0.0
Age -29 6,958 6,456 -298 -4.4 6,156 -197  -3.1 5845 -106 -1.8 -601 -3.2
Age 30-34 8,066 7,815 -107 -1.3 8,005 355 4.6 7,741 363 4.9 611 2.7
Age 35-39 6,570 6,284 11 0.2 6,638 647 10.8 6,198 489 8.6 1,146 6.4
Age 40+ 2,415 2,328 -74  -3.1 2,225 -109 4.7 2,303 37 1.6 -147 0 -2.1
2nd delivery or more 12,175 11,618 -341 -2.8 11,98 371 3.2 11,159 -112 -1.0 -82 -0.2
1st delivery 11,834 11,265 -128 -1.1 11,038 325 3.0 10,928 894 89 1,091 34
Total 24,009 22,883 -469 -2.0 23,024 696 3.1 22,087 782 3.7 1,009 2.2
B. Father’s characteristics
Italian 18,628 17,893 -163 -0.9 18,084 853 5.0 17,323 917 56 1,608 3.1
Foreigner 5381 4,990 -306 -5.8 4,940 -157 -3.1 4764 -135 -28 -598  -3.9
With HS degree 15,052 14,636 222 1.5 16,256 2,688 19.8 15,679 2,958 23.2 5868 144
Without HS degree 8,957 8,247 -691 -7.7 6,768 -1,993 -22.7 6,408 -2,175 -25.3 -4,859 -18.5
Employed 22,902 21,727 -607 -2.7 22,062 596 2.8 21,403 805 3.9 795 1.2
Not employed 1,107 1,156 138 13.6 962 99 11.5 684 -23 -3.3 214 8.3
Age -29 3,543 3,315 -180 -5.2 3,117 -211  -6.3 3,082 -78 -2.5 469  -4.7
Age 30-34 6,632 6,282 -35 -0.5 6,508 502 8.4 6,177 482 8.5 949 5.3
Age 35-39 7,239 7,073 -2 0.0 7,161 397 5.9 6,789 335 5.2 730 3.6
Age 40+ 6,595 6,213 -252 -3.9 6,238 8 0.1 6,039 44 0.7 -201 -1.1
Total 24,009 22,883 -469 -2.0 23,024 696 3.1 22,087 782 3.7 1,009 2.2

Notes: Authors’ calculations on aggregate birth certificates ( Certificati di Assistenza al Parto, CAP) provided by
the Tuscan Regional Health Agency. All outcomes are seasonally adjusted. For each year between 2020 and 2022
and each sociodemographic group, we report the number of births (column “Births”), the difference between the
actual number of births and the predicted number based on the pre-pandemic linear trend (column “Dev.”), and
the same difference expressed as a percentage (column “Dev.%”). The last two columns show the cumulative net
difference between the actual and the predicted number of births based on the pre-pandemic linear trend for the
period 2020-2022. “HS” stands for high school.
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exceeding 20%. Furthermore, births to foreign mothers remained consistently below the trend line
for the subsequent two years.

The pattern of births to Italian mothers is quite the opposite (Figure 2a). Despite experiencing
sharp declines associated with missed conceptions around the first three waves of the pandemic,
the birth count for Italian mothers never fell below the lower bound of the confidence interval.
In several instances, particularly in the spring and fall of 2021 as well as mid and late 2022, the
birth count significantly exceeded the upper bound. Notably, positive deviations from the trend
were particularly pronounced after the first and second waves, reaching 13% in March 2021 and
19% in September 2021. Overall, between 2020 and 2022, Italian women had approximately 2,900
more births than predicted by the pre-pandemic trend, effectively compensating for the 1,900 fewer
births recorded among foreign mothers. The Italian-foreign divide is also evident when considering
fathers instead of mothers (Figures 2c and 2d), although with lower deviations in absolute value.
In addition to the mechanical effect resulting from fewer foreign individuals arriving in Italy after
the pandemic’s onset, these opposing trends likely reflect the adverse economic conditions that
disproportionately affected foreigners.”

Differences in fertility behaviors during the pandemic become even more pronounced when ex-
amining the heterogeneity by parents’ education, as illustrated in Figure 3. Births to mothers and
fathers with at least a high school degree consistently exceeded the upper bound of the confidence in-
terval surrounding the pre-pandemic trend, with percent deviations even larger than 25% in certain
months. The cumulative number of additional births from 2020 to 2022 compared to the counter-
factual trend amounts to 5,300 for educated mothers and 5,900 for educated fathers, indicating a
significant baby bump among these groups following the COVID-19 outbreak. In stark contrast,
parents without a high school diploma experienced a sharp decline in birth counts starting in late
2020, consistently falling below the lower bound of the confidence interval without any subsequent
recovery. The annual percent deviations from the trend reached -28% in 2021 and -30% in 2022
for non-educated mothers, and -23% and -25% for non-educated fathers. Since foreign parents are
typically less educated than their Italian counterparts residing in Tuscany, one might argue that

this educational disparity may merely reflect the Italian-foreign divide observed earlier. However,

9For instance, in 2023, the incidence of poverty in Italy was almost six times higher for foreigners compared to
Italians (35.6% versus 6.4%; source: Istat). Data at the regional level are not available, but they are expected to
mirror this national pattern.
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Figure 2: Birth count by parents’ citizenship
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Notes: Authors’ calculations on aggregate birth certificates (Certificati di Assistenza al Parto, CAP) provided by
the Tuscan Regional Health Agency. All outcomes are seasonally adjusted. The solid blue line is the outcome-
specific linear pre-pandemic trend estimated for the period between January 2015 and December 2019. The
dashed blue lines are the upper and lower bound of a 95% confidence interval around the trend. The shaded grey
areas correspond to the four major pandemic waves (February-May 2020, October-December 2020, March-May
2021, January-February 2022), moved forward by nine months.
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Figure A2 shows that the pronounced difference between individuals with and without a high school

degree persists even when considering only births to Italian parents.

Similarly, between 2020 and 2022, the cumulative net increase in births above the trend was more

pronounced for employed mothers and fathers (Figure A3 and Table 1), particularly among those

who were both employed and more educated (Figure A4). This group likely benefited from higher

average incomes, more stable employment, and improved work-life balance, this latter plausibly

due to the more diffused adoption of remote working arrangements during the pandemic, especially

among individuals with higher education levels.

Number of births

Number of births

Figure 3: Birth count by parents’ education
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Notes: Authors’ calculations on aggregate birth certificates (Certificati di Assistenza al Parto, CAP) provided by
the Tuscan Regional Health Agency. All outcomes are seasonally adjusted. The solid blue line is the outcome-
specific linear pre-pandemic trend estimated for the period between January 2015 and December 2019. The
dashed blue lines are the upper and lower bound of a 95% confidence interval around the trend. The shaded grey
areas correspond to the four major pandemic waves (February-May 2020, October-December 2020, March-May
2021, January-February 2022), moved forward by nine months. “HS” stands for high school.
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The fertility response to the pandemic also varied substantially across different age groups of
parents. As shown in Figure A5 and Table 1, mothers aged 30 to 39 experienced minimal deviation
in birth counts during 2020, followed by a substantial increase compared to the pre-pandemic trend
in 2021 and 2022, resulting in a cumulative birth count exceeding the counterfactual by more than
1,700. In contrast, both younger and older women faced a baby bust during the same period. The
underlying reasons for these trends likely differ between the two groups. Women under 30, who
were less likely to be in stable relationships, may have been particularly affected by the restrictions
on social interactions implemented during the pandemic. Additionally, their fertility intentions
might have been constrained by less stable economic conditions. Conversely, the decline in births
among women aged 40 and above may be attributed to increased challenges in accessing assisted
reproductive technologies (ART) and in-vitro fertilization (IVF), as many fertility clinics were closed
for several months to mitigate the spread of the virus.'® On the other hand, the positive deviation
in birth counts among the 30-39 age group may reflect a higher prevalence of established couples
with more stable employment. The pattern for fathers mirrors that of mothers (Figure A6).

Finally, we observe notable heterogeneity based on the mother’s childbearing history (Figure
A8).'! Women with no previous deliveries experienced a negative deviation in birth counts only in
2020, followed by a substantial recovery in the subsequent two years; their monthly births consis-
tently exceeded the trend line, except for a few months around the first two pandemic waves. This
pattern aligns with the fact that these women did not have to care for other children during a period
marked by frequent school closures in Tuscany.'? The absence of parental responsibilities during
such a challenging time may have contributed to lower stress levels and an increased willingness to
have a baby. In contrast, mothers with at least one previous delivery did not see their cumulative

birth count exceed the pre-pandemic trend.

10As shown in Figure A7, the share of births supported by ART plummeted to nearly zero in December 2020 and
January 2021.

' Childbearing history does not exactly align with birth parity, as a single delivery can result in multiple births.

12 A1l schools in Tuscany were closed from March to June 2020. In the following school year (September 2020 -
June 2021), schools were fully or partially closed for an average of 32% of the calendar school days (Banca d’Italia,
2021).
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4.3 Newborn health

Despite concerns regarding a potential decline in newborn health during the pandemic, stemming
from increased maternal stress and restricted access to healthcare facilities, our indicators of health
at birth do not reflect any significant deterioration. In fact, both preterm and underweight births
became less frequent following the COVID-19 outbreak (Figure 4). The monthly share of preterm
births consistently hovered around 8% throughout the pre-pandemic period; however, from early
2020 onwards, it was almost always below the linear trend, reaching record lows of 5.2% in November
2020 and 5.5% in December 2021 (Figure 4a). The mean deviation from the trend for the 2020-22
period is approximately -1.0 percentage points, equating to a 13% decline. For underweight births,
deviations were less pronounced, with their share generally remaining between the trend line and the
lower bound of the confidence interval during the pandemic (Figure 4b). On average, the share of
underweight births was 0.4 percentage points (6%) lower than the trend during the 2020-22 period.

This puzzling result contrasts with the findings reported by Silverio-Murillo et al. (2024) for
Mexico, where indicators of newborn health deteriorated. Two factors may provide partial expla-
nations for this discrepancy. First, there may have been a shift in births from groups that were, on
average, more vulnerable to health risks at birth to those that were less vulnerable. For instance,
pregnancies are typically considered riskier for newborn health when the mother is either very young
or very old. As discussed in Section 4.2, both of these age groups experienced a significant decline
in births beginning in 2020, whereas births to mothers of median maternal age, a group generally
associated with lower risks, increased sharply relative to the trend during the same period. Second,
the diffused adoption of remote work during the pandemic might have alleviated maternal stress
for those pregnant women able to take advantage of this work arrangement, potentially leading to
improvements in newborn health rather than deterioration. While we cannot directly test these
hypotheses with the available data, we can look at the heterogeneity of infant health at birth by
parents’ characteristics. Figures A9 and A10 show that the improvement in newborn health was
much more pronounced for native, educated, and employed mothers, that is, once again, for groups
in better economic conditions and more likely to benefit from remote working opportunities.'® For

instance, the mean deviation from the trend in preterm births between 2020 and 2022 was -15% for

13Results for fathers are very similar and available upon request.

17



Italian compared to -5% for foreign mothers; even larger gaps emerge between educated and non-

educated (-18% vs. -5%) and between employed and non-employed mothers (-19% vs. +1.0%).14

Figure 4: Share of preterm and underweight births
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Notes: Authors’ calculations on aggregate birth certificates (Certificati di Assistenza al Parto, CAP) provided by
the Tuscan Regional Health Agency. All outcomes are seasonally adjusted. The solid blue line is the outcome-
specific linear pre-pandemic trend estimated for the period between January 2015 and December 2019. The
dashed blue lines are the upper and lower bound of a 95% confidence interval around the trend. The shaded
grey areas correspond to the four major pandemic waves (February-May 2020, October-December 2020, March-
May 2021, January-February 2022), moved forward by eight months in panel a (to take into account the shorter
distance between conception and delivery for preterm births) and by nine months in panel b.

4.4 Robustness to alternative trends

In our main analysis, we estimate the pre-pandemic trend using a linear model based on data from
January 2015 to December 2019, as in Bailey, Currie, and Schwandt (2023). To check the robustness
of our findings to alternative trend specifications, we leverage the extensive time span of the CAP
data by estimating 32 different models. These models vary in the length of the pre-pandemic
period and the functional form of the long-term trend. Specifically, we set the starting point of
the models between January 2002 and 2017, with 16 models using a linear trend and 16 using a
quadratic trend. Following Gonzalez and Trommlerova (2024), we assess model performance by
training them through December 2018 and then predicting outcomes for the period from January
to December 2019. We evaluate prediction accuracy using three metrics: mean squared error, mean

absolute error, and mean percent error. Each of the 32 models is ranked independently based on

4The corresponding values for underweight births are -7% for Ttalian vs. -1% for foreign mothers; -12% for
educated vs. -1% for non-educated; -12% for employed vs. +6% for non-employed.
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these criteria, and a final ranking is derived from the average of the three. Table A1l presents the
estimated cumulative deviation in total births and mean deviation in the share of preterm and
underweight births for 2020-22 across the different models. In particular, it compares the results of
our preferred model (using a linear pre-pandemic trend starting in January 2015) with the mean
estimates from all 32 models, the top 10 models in each outcome-specific ranking, and the top
5 models. In anything, for each outcome, our baseline model provides conservative estimates (in

absolute terms) of the deviations from the pre-pandemic trend, regardless of the comparison group.

5 Concluding remarks

In this paper, we exploit new administrative data to study the evolution of fertility and newborn
health during the pandemic in Tuscany, a representative region of Italy, which was one of the
first countries to experience the COVID-19 outbreak and its severe consequences. We document
that the long-standing downward trend in births was at least temporarily reversed from mid-2021
onward, resulting in a notable “baby bump” during the pandemic period. While the 2.0% negative
deviation from the pre-pandemic trend in 2020 is in line with the result shown by Bailey, Currie,
and Schwandt (2023) for the US and by Gonzalez and Trommlerova (2024) for Spain (-2.0% and
-2.3%, respectively), we estimate a much stronger rebound in 2021 (3.1%, compared to 1.0% in the
US and 1.4% in Spain), which in our data continued into 2022 (with a 3.7% deviation). Consistent
with prior literature, the aggregate result conceals significant heterogeneity across sociodemographic
groups. The net increase in births was driven entirely by parents who were Italian, held a high school
diploma, were employed, and aged between 30 and 39, as well as mothers experiencing their first
delivery. As discussed in Section 4, these individuals likely benefited from more favorable economic
conditions and the ability to leverage new arrangements, such as remote working, that emerged
after 2020. Contrary to the findings of Silverio-Murillo et al. (2024), we observe no deterioration
in newborn health, as measured by preterm or underweight births. In fact, both indicators showed
slight improvements, particularly among native, educated, and employed parents.

Whether the dynamics observed in this paper will persist remains uncertain, as our dataset ends
in December 2022. Some of the new arrangements that emerged during the pandemic, particularly

the expansion of remote working, could represent a structural shift that facilitates childbearing and
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improves work-life balance for segments of the population. If this is the case, the reversal of the
pre-pandemic decline in fertility may prove stronger and more enduring than initially anticipated.
However, it is also possible that the scope and duration of this fertility rebound will be too limited
to significantly influence long-term demographic trends. Future research should address this critical

question as new data become available.
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A Additional Tables and Figures

Table Al: Robustness to alternative pre-pandemic trends

Birth count Share preterm births Share underweight births

Baseline model 1,009 -0.97 -0.42
[Model ranking] [11] [11] [29]
Mean all models 1,514 -1.18 -0.65
Mean top-10 models 4,115 -1.07 -0.65
Mean top-5 models 4,347 -1.12 -0.65

Notes: Authors’ calculations on aggregate birth certificates (Certificati di Assistenza al Parto, CAP) provided
by the Tuscan Regional Health Agency. For the birth count, the table reports the estimates of the cumulative
deviation from the trend in 2020-22. For the share of preterm and underweight births, it reports the estimates of
the mean deviation (in percentage points) from the trend in 2020-22. The first row shows the estimate using our
preferred model (linear pre-pandemic trend, starting in 2015) and the model ranking (in brackets). The second
row shows the mean estimate of the 32 models (16 linear and 16 quadratic pre-pandemic trends, with starting
year ranging from 2002 to 2017), the third row the mean estimate of the top-10 models in the ranking, and the
last row the mean estimate of the top-5 models in the ranking. Rankings are computed as the average of three
separate rankings based on the mean squared error, the mean absolute error, and the mean percent error of the
outcome predictions from January to December 2019.
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Figure A1l: Birth count in Italy
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Notes: Authors’ calculations on Istat aggregate data. The number of births is seasonally adjusted. The solid
blue line is the outcome-specific linear pre-pandemic trend estimated for the period between January 2015 and
December 2019. The dashed blue lines are the upper and lower bound of a 95% confidence interval around
the trend. The shaded grey areas correspond to the four major pandemic waves (February-May 2020, October-
December 2020, March-May 2021, January-February 2022), moved forward by nine months.
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Figure A2: Birth count by parents’ education - Only Italian parents
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Notes: Authors’ calculations on aggregate birth certificates (Certificati di Assistenza al Parto, CAP) provided by
the Tuscan Regional Health Agency. All outcomes are seasonally adjusted. The solid blue line is the outcome-
specific linear pre-pandemic trend estimated for the period between January 2015 and December 2019. The
dashed blue lines are the upper and lower bound of a 95% confidence interval around the trend. The shaded grey
areas correspond to the four major pandemic waves (February-May 2020, October-December 2020, March-May
2021, January-February 2022), moved forward by nine months. “HS” stands for high school.
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Figure A3: Birth count by parents’ occupational status
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Notes: Authors’ calculations on aggregate birth certificates (Certificati di Assistenza al Parto, CAP) provided by
the Tuscan Regional Health Agency. All outcomes are seasonally adjusted. The solid blue line is the outcome-
specific linear pre-pandemic trend estimated for the period between January 2015 and December 2019. The
dashed blue lines are the upper and lower bound of a 95% confidence interval around the trend. The shaded grey
areas correspond to the four major pandemic waves (February-May 2020, October-December 2020, March-May
2021, January-February 2022), moved forward by nine months.
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Figure A4: Birth count by parents’ education - Only employed parents
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Notes: Authors’ calculations on aggregate birth certificates (Certificati di Assistenza al Parto, CAP) provided by
the Tuscan Regional Health Agency. All outcomes are seasonally adjusted. The solid blue line is the outcome-
specific linear pre-pandemic trend estimated for the period between January 2015 and December 2019. The
dashed blue lines are the upper and lower bound of a 95% confidence interval around the trend. The shaded grey
areas correspond to the four major pandemic waves (February-May 2020, October-December 2020, March-May
2021, January-February 2022), moved forward by nine months. “HS” stands for high school.
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Figure A5: Birth count by mother’s age
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Notes: Authors’ calculations on aggregate birth certificates (Certificati di Assistenza al Parto, CAP) provided by
the Tuscan Regional Health Agency. All outcomes are seasonally adjusted. The solid blue line is the outcome-
specific linear pre-pandemic trend estimated for the period between January 2015 and December 2019. The
dashed blue lines are the upper and lower bound of a 95% confidence interval around the trend. The shaded grey
areas correspond to the four major pandemic waves (February-May 2020, October-December 2020, March-May
2021, January-February 2022), moved forward by nine months.
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Figure A6: Birth count by father’s age
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Notes: Authors’ calculations on aggregate birth certificates (Certificati di Assistenza al Parto, CAP) provided by
the Tuscan Regional Health Agency. All outcomes are seasonally adjusted. The solid blue line is the outcome-
specific linear pre-pandemic trend estimated for the period between January 2015 and December 2019. The
dashed blue lines are the upper and lower bound of a 95% confidence interval around the trend. The shaded grey
areas correspond to the four major pandemic waves (February-May 2020, October-December 2020, March-May
2021, January-February 2022), moved forward by nine months.
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Figure A7: Share of births supported by assisted reproductive technologies
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the Tuscan Regional Health Agency. All outcomes are seasonally adjusted. The solid blue line is the outcome-
specific linear pre-pandemic trend estimated for the period between January 2015 and December 2019. The
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Figure A8: Birth count by mother’s childbearing history
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dashed blue lines are the upper and lower bound of a 95% confidence interval around the trend. The shaded grey
areas correspond to the four major pandemic waves (February-May 2020, October-December 2020, March-May
2021, January-February 2022), moved forward by nine months.
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Figure A9: Share of preterm births by mother’s characteristics
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Notes: Authors’ calculations on aggregate birth certificates (Certificati di Assistenza al Parto, CAP) provided by
the Tuscan Regional Health Agency. All outcomes are seasonally adjusted. The solid blue line is the outcome-
specific linear pre-pandemic trend estimated for the period between January 2015 and December 2019. The
dashed blue lines are the upper and lower bound of a 95% confidence interval around the trend. The shaded grey
areas correspond to the four major pandemic waves (February-May 2020, October-December 2020, March-May
2021, January-February 2022), moved forward by eight months (to take into account the shorter distance between
conception and delivery for preterm births). “HS” stands for high school.
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Figure A10: Share of underweight births by mother’s characteristics
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Notes: Authors’ calculations on aggregate birth certificates (Certificati di Assistenza al Parto, CAP) provided by
the Tuscan Regional Health Agency. All outcomes are seasonally adjusted. The solid blue line is the outcome-
specific linear pre-pandemic trend estimated for the period between January 2015 and December 2019. The
dashed blue lines are the upper and lower bound of a 95% confidence interval around the trend. The shaded grey
areas correspond to the four major pandemic waves (February-May 2020, October-December 2020, March-May
2021, January-February 2022), moved forward by nine months. “HS” stands for high school.

32








