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ABSTRACT

Background: Italy experienced a sustained excess in total mortality between March 2020 and December 2022,
resulting in approximately 226,000 excess deaths. Ihis study extends the estimate of excess mortality in the country
until June 2023, evaluating the persistence of excess mortality. Methods: We used mortality and population data
from 2011 to 2019 to establish a baseline for expected deaths during the pandemic. Over-dispersed Poisson regression
models were employed, stratified by sex, fo predict expected deaths. These models included calendar year, age group, and
a smoothed function for the day of the year as predictors. Excess mortality was then calculated for all ages and working
ages (25-64 years). Results: From January to June 2023, we found a reduction in the number of deaths compared to
the expected ones: 6,933 fewer deaths across all age groups and 1,768 fewer deaths in the working age category. This
corresponds to a 2.1% and 5.2% decrease in mortality, respectively. Conclusions: 7he excess mortality observed in
1taly from March to December 2022 was no longer observed in the first six months of 2023.

1. INTRODUCTION

During the first half of 2023, there has been a
global decrease in COVID-19-related deaths, hos-
pitalizations, and intensive care unit admissions [1].
This reassuring trend, along with the high levels of
population immunity to SARS-CoV-2, prompted
the WHO Director-General, with the advice of the
International Health Regulations (2005) Emergency
Committee regarding the COVID-19 pandemic, to
determine in May 2023 that COVID-19 has transi-
tioned from being a global public health emergency
to an established and ongoing health issue which
no longer constitutes a public health emergency of
international concern [2]. However, they also ac-
knowledged the remaining uncertainties posed by
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the potential evolution of SARS-CoV-2. In this
regard, some concerns arise from the recent excess
mortality reported in Australia and New Zealand,
countries with high vaccine uptake that did not ex-
perience excess mortality during the previous phases
of the pandemic [3-5].

Thus, collecting and monitoring relevant epide-
miological data on the evolution of the COVID-19
pandemic is important. In this regard, excess total
mortality is a critical metric. This measure captures
the discrepancy between the number of observed
deaths during the pandemic and those expected
based on historical data. Unlike official COVID-19
death counts —which can be influenced by vary-
ing definitions, diagnostic criteria, and potential
underreporting —excess total mortality offers a
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comprehensive and robust understanding of the
pandemic’s overall impact [6].

In our previous work, we estimated a total excess of
approximately 100,000 deaths in Italy from March
to December 2020, around 60,000 and 66,000 ad-
ditional deaths in 2021 and 2022, respectively [7, 8].
This excess mortality affected not only the elderly
population but also working-age individuals, with
approximately 15,000 excess deaths estimated at
ages 25 to 64 from March 2020 to December 2022.
No further excess was instead observed in the initial
months of 2023. The present study extends these
analyses to cover the most recent period.

2. METHODS

National daily mortality data and corresponding
population data from January 1, 2011, to June 30,
2023, were retrieved from the Italian National Insti-
tute of Statistics archives [9]. We computed the dif-
ference between observed and expected deaths using
a counterfactual scenario in which the COVID-19
pandemic had not occurred. Daily expected deaths
were estimated separately for men and women us-
ing an over-dispersed Poisson regression model. The
model included a linear term for the calendar year to
account for temporal trends in mortality, age groups
(<1, 1-4, 5-9, ..., 2100 years) to consider the effect
of age on mortality rate and a natural spline func-
tion of the day of the year to capture seasonal vari-
ations. To account for changes in the population’s
demographic size and age structure, the model in-
cluded the natural logarithm of the population as
an offset term. The number of knots in the spline
function was selected based on the quasi-Akaike
Information Criterion, testing up to 10 equally
spaced knots. Model’s coefficients were estimated
using daily mortality data from January 1, 2011, to
December 31,2019.

Excess mortality was reported in absolute (the
difference between observed and expected deaths)
and relative terms (as percent deviations from ex-
pected mortality) by combining the sex-specific
estimates obtained from the regression models.
Both measures were computed for all ages and the
working-age population, defined as individuals aged
between 25 and 64.

We conducted a Monte Carlo simulation to obtain
the 95% confidence intervals (CI) surrounding ex-
cess deaths. We sampled 10,000 model parameters
from a multivariate normal distribution using the
parameter’s estimates and their variance-covariance
matrix. Subsequently, we calculated the variance of
the excess death estimates for each simulation by
calculating the difference between observed and ex-
pected deaths. The 95% CI was then derived using
the quantiles of the standard normal distribution.

Statistical analyses were conducted using R
software.

3. RESULTS

Table 1 gives the differences between observed
and expected deaths in Italy from January to
June 2023 for individuals of working ages (25-64
years) and for the whole population. Within the
working-age group, we estimated a decrease of ap-
proximately 1,800 deaths compared to the expected
numbers. This reduction was particularly prominent
during the first three months of the year. Similarly,
we estimated a decrease of around 8,000 deaths
when considering the entire population. This reduc-
tion was most notable in March and June.

Figure 1 shows the estimates of excess (or reduced)
deaths in absolute and relative terms across four dif-
ferent periods: from March to December the entire
2020, 2021, and 2022, and January to July 2023.
Excess mortality for the working-age population
stood at approximately +10% in March-December
2020 and 2021, and it decreased to +4.3% in 2022.
In January-June 2023, we estimated a reduction
of 5.2%. Among the whole population, the excess
mortality estimates for March-December 2020
were +18.8%, which decreased to +9.3% in 2021 and
+10.2% in 2022. During the first half of 2023, we
estimated a reduction in total mortality of 2.1%.

Figure 2 shows the temporal trends of officially
reported COVID-19 cases and our estimates of
excess mortality in Italy over the pandemic period
and up to June 2023. The initial phase, spanning
from March to April 2020, showed a sharp increase
in excess mortality, even though there were only a
limited number of officially registered COVID-19

cases. The subsequent phase, which extended from
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Table 1. Difference between observed and expected deaths from all causes in the first six months of 2023 in Italy among the
working-age population (25-64 years) and the whole Italian population.

Age group Month Observed Deaths Expected Deaths' Difference 95% CI
Working-age January 6,167 6,746 -579 -623 to -534
(25-64 years) February 5,445 5,865 -420 -458 to -381
March 5,451 6,009 -558 -595 to -520
April 5,256 5,309 -53 -86 to -19
May 5,176 5215 -39 73 to -4
June 4,946 5,062 -116 -148 to -83
Total 32,441 34,209 -1,768 -1964 to -1571
All Ages January 66,607 66,614 -7 -370 to 356
February 58,311 57,908 403 98 to 707
March 56,382 59,351 -2,969 -3269 to -2668
April 52,534 52,468 66 -209 to 341
May 50,162 51,506 1,344 1627 to 1060
June 46,863 49,942 -3,079 -3340 to -2817
Total 330,859 337,792 -6,933 -8404 to -5461

CI: Confidence Interval.

! Estimated from 2011-2019 mortality and population data, separately by sex, through over-dispersed Poisson regression models in-
cluding a linear term for the calendar year, age groups as a categorical variable, a smooth function of the day of the year with seven

equally spaced knots, and the natural logarithm af the population as an oﬁcez‘ term. Values were rounded up to the smallest integer.

September 2020 to April 2021, was characterized by a
complex scenario with multiple waves of COVID-19
cases and important peaks in excess mortality. These
peaks were notable but less pronounced than those
observed in the first phase. In January 2022, during
the Omicron peak, despite a substantial increase in
COVID-19 cases, there was no corresponding rise
in excess mortality. Later in 2022, different subvari-
ants of Omicron became dominant, leading to new
COVID-19 cases and sustained excess mortality. It
is worth noting that the mortality peak observed
in July 2022 was partially attributed to the extreme
temperatures recorded during that month, which
was related to an estimate of approximately 12,000
excess deaths. In addition, seasonal influenza peaked
in Italy in November-December 2022. The latter
part of 2023 displays a significant reduction in both
COVID-19 cases and excess mortality.

4. DISCUSSION

We estimated a decrease of over 2% in the total

number of deaths in Italy during the first half of

2023 compared to the expected figures based on his-
torical trends. There was also a decrease of over 5%
in the working-age population.

The statistical office of the European Union
reported that during the first semester of 2023, the
entire European Union-27 experienced a level of
mortality comparable to or slightly higher than the
expected one based on a baseline period spanning
from 2016 to 2019 [10]. However, when individual
countries are examined, the results are mixed. Some
countries, such as Austria and Netherlands, showed
important excesses that in some months exceeded
10%, while others, including Bulgaria, Croatia,
Lithuania,and Romania, showed decreased mortality.

In England, the Office for Health Improvement &
Disparities used a statistical model based on histori-
cal trends to derive the expected number of deaths
in the absence of the pandemic and found an excess
mortality of approximately 18,500 deaths (+6.1%)
for the whole population of England in the first
six months of 2023 [11]. In the same period, the
number of deaths with COVID-19 mentioned on
the death certificate was only around 11,500.
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Figure 1. Differences between observed and expected deaths in Italy at all ages and working ages (25-64 years) in March-
December 2020, 2021, 2022, and from January to June 2023.
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Figure 2. Monthly trend in COVID-19 cases and difference between observed and expected deaths from March 2020
to June 2023 in Italy.
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Notably, the excess mortality in England also
persisted among the working-age population and
was higher than in the older age groups (+12.9%
vs. 5.8%) [12]. These excesses were mainly driven
by increased mortality from cardiovascular diseases
observed in England since the first phase of the
pandemic and sustained all over the first semester
of 2023.

During the COVID-19 pandemic, mortality
from other chronic conditions, including cardio-
vascular diseases and diabetes, remarkably increased
in several countries, including the UK [12]. This
increase in excess mortality due to cardiovascular
diseases was more pronounced in the younger pop-
ulation than the older one in the UK and several
other high-income countries.

The Center for Disease Control and Prevention
used a similar model-based approach and reported
excess mortality rates of 14%, 9.2%, and 5.2% in the
first three weeks of January 2023 for the entire US
population, with no significant excesses reported
thereafter [13].

Identifying the possible reasons for these dif-
ferences is challenging, given that countries like
Austria, the Netherlands, England, and Italy have
all achieved a high level of vaccine uptake and have
relaxed non-pharmaceutical interventions im-
plemented during earlier phases of the pandemic.
Therefore, structural characteristics of these coun-
tries, such as the preparedness and resilience of
their health and social care systems in responding
to pandemic-induced disruptions, may have played
a role.

Variations in the methodology employed to es-
timate excess mortality, particularly using different
baseline periods, should be considered when inter-
preting our estimates and those provided by other
institutions or research groups [14]. Another sig-
nificant source of differences across countries lies in
the provisional data released during the pandemic,
along with delayed registration of deaths, both of
which can impact cross-country comparisons.

6. CONCLUSIONS

Our estimates indicate that during the first half
of 2023, there was no excess mortality in Italy, both

among the entire population and the working-age
population. The modest decrease in mortality dur-
ing this period can be partly attributed to harvest-
ing and the early arrival of seasonal influenza in the
winter of 2022-2023, resulting in a larger impact on
mortality in November-December 2022 than in the
early months of 2023. While data on total mortality
are reassuring for the first half of 2023, the recent
increase in COVID-19 cases demands attention. It
is crucial for countries to continue providing timely
mortality data to effectively monitor the ongoing

impact of COVID-19.
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