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Abstract: During a sanitary crisis, excess mortality measures the number of all-cause deaths, beyond
what we would have expected if that crisis had not occurred. The high number of COVID-19 deaths
started a debate in Italy with two opposite positions: those convinced that COVID-19 deaths were
not by default excess deaths, because many COVID-19 deaths were not correctly registered, with
most being attributable to other causes and to the overall crisis conditions; and those who presented
the opposite hypothesis. We analyzed the curve of the all-cause excess mortality, during the period of
January 5, 2020—October 31, 2022, compared to the curve of the daily confirmed COVID-19 deaths,
investigating the association between excess mortality and the recurrence of COVID-19 waves in
Italy. We compared the two curves looking for the corresponding highest peaks, and we found that 5
out of the 6 highest peaks (83.3%) of the excess mortality curve have occurred, on average, just a
week before the concomitant COVID-19 waves hit their highest peaks of daily deaths (Mean 6.4
days; SD 2.4 days). This temporal correspondence between the moments when the excess mortality
peaked and the highest peaks of the COVID-19 deaths, provides further evidence in favor of a
positive correlation between COVID-19 deaths and all-cause excess mortality.

Keywords: COVID-19; pandemic; Italy; daily confirmed deaths; all-cause excess mortality; peak
comparison; public health

1. Introduction

After 3 years from the beginning of the COVID-19 pandemic, the scientific community is still
discussing many of the characteristics of this disease, including its most serious implications, like
death. People, in fact, are still dying from COVID-19 all around the world, with an estimated
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cumulative number of confirmed deaths that officially hit more than 6.8 million, as of the end of
January 2023 [1]. The World Health Organization (WHO) has proposed the following definition for
deaths due to COVID-19 [2]: “A death due to COVID-19 is defined as a death resulting from a
clinically compatible illness, in a probable or confirmed COVID-19 case, unless there is a clear
alternative cause of death that cannot be related to COVID disease. There should be no period of
complete recovery from COVID-19 between illness and death” and “A death due to COVID-19 may
not be attributed to another disease (e.g., cancer) and should be counted independently of preexisting
conditions that are suspected of triggering a severe course of COVID-19”.

Unfortunately, a dispute has ignited over what a COVID-19 death is with two opposite positions
emerging quite clearly: on one side, those who believe that the high number of COVID-19 deaths
was an overestimate of the actual mortality from the disease, essentially because those recorded
deaths had erroneously COVID-19 as the main underlying cause of death rather than a contributing
cause [3-6]. Others, instead, think that the world has paid, to COVID-19, a death toll which is even
larger than that the official figures show, particularly in the early months of the pandemic, and in
low- and middle- income countries, claiming that many deaths went unrecorded or not correctly
attributed to COVID-19 [7,8].

In epidemiology and public health, the term “all-cause excess mortality” indicates that one
compares the all-cause mortality figure of a given period with a value for a similar period, averaged
over several previous years. Hence, science is trying to provide a solution to the problem of an
accurate estimate of COVID-19 deaths by looking at the all-cause excess deaths during the pandemic,
and comparing this number to how many people had COVID-19 on their death records. The intent is
to verify whether these excess deaths amount to a quantity that corresponds to the number of those
who died of coronavirus or not. Unfortunately, this method has problems counting excess deaths, as
it does not take into account changes in the age of populations. With a population that is getting older,
counting excess deaths might give a biased perspective, as some of those deaths would have occurred
independently of the pandemic, because of the age of some portions of that population. Moreover,
during a pandemic, deaths from some causes could have decreased, like those from other infectious
diseases due to the positive effect of lockdowns, while others could have increased because of the
overall crisis conditions, thus affecting this excess death figure.

A vast amount of recent research has investigated this excess mortality issue often converging
towards the hypothesis of a positive correlation between the number of actual COVID-19 deaths and
the all-cause excess mortality rate. For example, in [9], Vestergaard et al. studied European-wide
weekly mortality estimates, from several European countries in the period from the beginning of
2020 until May 2020, using an age-stratified method. Comparing the excess mortality of this short
period with the cumulative excess all-cause mortality for the same period of the previous 4 years
(2016-2019), they found that the estimated excess mortality could primarily be attributed to
COVID-19 and its implications. In [10], Dorucci et al. compared all-cause excess mortality between
the two waves that occurred during the year 2020 in Italy using nationwide data and concluding that
males and those aged 80 or over were the most hit groups, with an increase in both during the second
wave of the pandemic. Finally, in [11], Wang et al. developed a more complete study, with excess
mortality rates from 74 countries and an ensemble of various statistical models to conclude that,
although reported COVID-19 deaths between January 1, 2020 and December 31, 2021 totaled 5.94
million worldwide, their estimate amounted to 18,2 million people died because of the COVID-19
pandemic over that period. This study emphasizes the fact that, although the excess mortality rate is a
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good predictor for the COVID-19 death rate, it is likely it also includes people died due to other
causes due to this planetary crisis.

If we focus on Italy, the official data (i.e., WHO) says that this country has paid a death toll of
more than 186.000 people, as of January 31, 2023 [12]. Moreover, the Italian Institute of Statistics
(ISTAT) has recorded a total number of deaths for all causes in Italy in 2020 equal to 746.146, with
an all-cause excess mortality as large as 100.526, which is estimated based on a comparison with
the average from the years from 2015 to 2019. This estimate leads to a percentage difference
between the reported number of deaths in 2020 and the projected number of deaths for a similar
period from previous years equal to 15.6% [13]. Analogous estimates were conducted by ISTAT
also for year 2021. The relative figures say that the deaths for all causes were as many as 709.035,
and that the all-cause excess mortality was estimated as large as 63.000 deaths, with respect to the
average period of reference (2015-2019), thus yielding a percentage of excess deaths in 2021 of
9.8%. As to year 2022, the counting process is still on course, and no announcement on the final
estimates on a yearly basis has been given yet. Here, we can only count on partial results extending
till the limit of October 31, 2022.

The situation of the public debate in Italy on the issue of the under/over-estimate of the actual
number of COVID-19 deaths is similar to that we have already described before, with the two sides
bringing mostly the same arguments discussed above, with occasional country-specific remarks.

Following this scientific debate, we decided to choose another perspective in order to investigate
the hypothesis of a possible direct association between the actual number of COVID-19 deaths and the
all-cause excess mortality rates in Italy (2020-2022), based on the use of techniques from signal
processing [14,15]. In particular, we carried out a peak detection analysis of two following curves: i)
the percentage difference between the number of all-cause weekly deaths and the projected number of
deaths for the same period based on previous years (2015-2019), and ii) the daily confirmed
COVID-19 deaths (7-day rolling average). We found that almost all the highest peaks of all the causes
of excess mortality curves in Italy occurred, on average, just a week before the concomitant COVID-19
waves hit their highest peaks of daily deaths. In essence, we found that the all-cause excess death curve
has always reached its maximum, almost in coincidence, with the peak of the concomitant wave of the
COVID-19 deaths, thus providing further evidence, at least in Italy, in favor of a positive correlation
between COVID-19 deaths and all-cause excess mortality.

2. Materials and methods
2.1. Data for excess mortality and COVID-19 deaths

We decided to work with the Italian population-wide data relative to deaths, focusing only on
the two following temporal data series: i) the excess mortality for all causes, given by the percentage
difference between the number of weekly deaths, in the period January 5, 2020-October 31, 2022
and the estimated number of deaths for the same period based on previous years (2015-2019), and ii)
the daily, new confirmed COVID-19 deaths (7-day rolling average) in the period February 26, 2020
October 31, 2022. From this point of view, we have conducted a pure observational study that
examines a natural phenomenon from a mere statistical perspective.

The public repository with all data on excess mortality is available at:
https://github.com/owid/covid-19-data/tree/master/public/data/excess_mortality.
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The excess mortality percentages reported in Figure 1 below are provided by the
OurWorldinData.org project, using the following well-known formula:

Percentage Excess Deaths = 100 x (Reported Deaths - Expected Deaths)/Expected Deaths (1)

In Eq (1), the reported deaths are sourced from both the Human Mortality Dataset (HMD) and
the World Mortality Dataset (WMD) projects [16-19]. The projections on deaths, instead, come from
just WMD. In particular, HMD maintains, on a weekly basis, an updated report on the deaths data,
sourced from Eurostat and several national statistical agencies (including the Italian ISTAT). WMD,
instead, is a dataset, currently serving 120 countries, whose contents is used to provide an estimate
on the projected deaths of all those countries, on a per week basis. Essentially, with deaths data from
the period 2015-2019, Karlinsky and Kobak (from WMD) have first fit a regression model for each
region of interest (including Italy), and then used the model to project the expected deaths during the
various weeks of the period 2020-2022 [18]. Finally, WMD’s projected deaths are used by the
OurWorldinData.org project as a baseline for estimating the Expected Deaths of the Eq (1) above. At
the end of this long process, the OurWorldinData.org project provides temporal series of excess
mortality, like those plotted in Figure 1 for Italy.
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Figure 1. Excess mortality for all causes in Italy: on the y-axis the percentage difference
between the number of weekly deaths, in the period January 5, 2020-October 31, 2022
(x-axis), and the projected number of deaths for the same period based on previous years
(2015-2019). Sources: Our World in Data (2022), Human Mortality Database (2022),
World Mortality Dataset (2022).

Figure 2 plots, instead, the number of daily confirmed COVID-19 deaths in Italy in the period
February 26, 2020—October 31, 2022. For each day in the period, the 7-day average rolling is shown
in the Figure, which means that the numbers of the daily confirmed deaths of the 7 latest days are
taken, added up, and finally divided by 7. Note that the complete COVID-19 dataset on daily deaths
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is maintained again by the OurWorldinData.org project, with raw data on daily confirmed deaths
from 219 countries (including Italy) sourced from the COVID-19 Data Repository by the Center for
Systems Science and Engineering (CSSE) at Johns Hopkins University (JHU) [20]. JHU makes them
available at the following public repository:
https://github.com/owid/covid-19-data/tree/master/public/data/jhu.
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Figure 2. Number of daily confirmed COVID-19 deaths in Italy: on the y-axis, the
number of new daily COVID-19 deaths (7-day rolling average) in the period February 26,
2020-October 31, 2022 (x-axis). Sources: Our World in Data (2022), Johns Hopkins
University CSSE COVID-19 Data (2022).

2.2. Method of analysis

The method we adopted for our investigations was a traditional peak detection analysis
conducted on both the curves plotted in Figures 1 and 2. This is a common technique used to find the
peaks in an incoming signal, and borrowed from fields like electrical signals, digital audio and
seismic waves [14,15]. The basic algorithm is a great fit when peaks significantly emerge in
comparison to the background data. Its easiest application is when one is looking for just the highest
spike. In that case, one simply looks at each point in the data series and records the highest one seen
so far. When the end of the data series is reached, the highest recorded value is the highest peak one
is looking for.

Obviously, this simple procedure is only able to find just the highest peak in a series. If we are
looking for multiple peaks in the same data series, we need to add some simple modifications to the
basic procedure. as described before. Hence, based on recent literature on peak detection applied to
the analysis of COVID-19 waves [21], we modified the basic procedure as follows:

As to the curve plotted in Figure 2 (i.e., daily confirmed COVID-19 deaths), two additional
conditions were added that need to be satisfied for a point in the curve to be considered one of the
highest peaks. First, we can say that a point in the curve, corresponding to a given day n of the daily
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confirmed deaths, can be considered one of the potential highest peaks, if the 7-day rolling average
number of the daily confirmed deaths computed in that day is larger than the 7-day rolling average
number of daily confirmed deaths recorded in all the 28 days, both before and after, n. Further, to
consider that point in the curve as one of the highest peaks, the 7-day rolling average number of
registered deaths on that day n has to be larger than a given mobile baseline, computed as the 85% of
the cumulative number of deaths recorded on day n-1, averaged over all the days since the beginning
of the pandemic until day n-1.

The motivation behind the choice of 28 days with a lower value of daily confirmed deaths
comes from the definition of a COVID-19 wave provided in [22]. In that paper, it is shown that the
three quarters of the upward periods before a peak of many studied COVID-19 waves typically last
less than a month. This is also similar, for the downward periods. Having a baseline, instead, is
useful whenever one is looking for multiple peaks in the same curve or wave. When the curve is
examined in search for a new peak, if the current value drops below this baseline, that value cannot
be considered as a peak. Vice versa, the current value is added as a new peak. In our case, the mobile
baseline has been set at the 85% of the cumulative number of deaths averaged on all previous n-1
days [21].

Similar conditions need to be satisfied to consider a point in the curve of Figure 1 (i.e., the
percentage excess mortality) as one of the highest peaks of that curve. Precisely, to consider day n
as one where one of the highest peaks was hit, we need to have 28 days, both before and after day n,
all with a value of the percentage excess mortality rate lower than the value recorded at day n.
Moreover, the value of the percentage of excess mortality recorded on that day n should be larger
than a given baseline. In the specific case of the percentage of excess mortality rates in Italy, the
baseline value was chosen equal to 15.6%. The motivation for choosing this specific value comes
from the already cited analysis conducted by ISTAT that considered the first year of the pandemic
as the worst one from its beginning, with an average percentage of the all-cause excess mortality
rate as large as 15.6% [13]. Different countries could decide for different values of the baseline,
based on occasional country-specific considerations.

Note that all the data used for the peak detection analysis of the curves plotted in Figures 1 and
2 are available at the already mentioned public  repositories, that is:
https://github.com/owid/covid-19-data/tree/master/public/data/excess_mortality (percentage excess
mortality of Figure 1) and: https://github.com/owid/covid-19-data/tree/master/public/data/jhu (daily
confirmed COVID-19 deaths of Figure 2). The results of the peak detection calculations presented in
the following section (Section 3) are reproducible by using the data and the methods described above.
Given the simplicity of the described procedures, these calculations can be conducted with a simple
calculator and a spreadsheet to temporarily record the data.

However, we also provide a simplified pseudo code of the corresponding multiple peaks
detection algorithm in the following Table 1. The input of the algorithm is either the data of the curve
of the all-cause excess mortality, or the data of the curve of the daily COVID-19 deaths, while the
output are the corresponding peaks (lines 1-2 in Table 1). With the loop of lines 5-13 (Table 1), the
entire input curve is searched for peaks. The term d represents either the value of the percentage
mortality (in the case of the all-cause excess mortality curve) or the value of the daily number of
deaths (in the case of the curve of the COVID-19 deaths). In particular, d(i) represents that specific
value registered on a given day i. If d(i) is larger than the corresponding d values registered both on
all the subsequent 28 days (line 6) and on all the previous 28 days (line 7), and d(i) is larger than the
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baseline (line 8), then a peak is detected on that day i (line 9), with its relative value (line 10).

Table 1. Multiple peaks detection procedure.

Algorithm
1:  Input: All causes excess mortality curve or Daily COVID-19 deaths curve
2:  Output: Peaks of the curve
3: begin
4: n = last data of the curve
5: fori=1tonincrement1do
6: if {((d(i) >d (i+1)) & (d (i) > d (i+2)) & ... & (d (i) > d (i+28))) &
7 ((d (i) >d(i-1)) & d (i) >d (i-2)) & ... & (d (i) > d (i-28))) &
8: (d (i) > baseline)}
9: then {peak(i) = i;
10: peak value(i)=d(i)}
11: else {null}
12: end if
13: end for
14: end

2.2.1.  Ethics approval of research

This study used publicly available, aggregated data that contains no private information.
Therefore, ethical approval is not required.

3. Results

Table 2 reports the results we obtained with our multiple peaks detection procedure when
applied to: i) the curve of the percentage excess of mortality for all causes in Italy, in the period
January 5, 2020-October 31, 2022, and ii) the curve of the daily confirmed COVID-19 deaths in
Italy, in the period January 5, 2020—October 31, 2022.

In particular, the first row of Table 2 presents all the peaks detected for the curve of the
percentage excess of all causes of mortality, with the dates when they occurred and the
corresponding percentage values. Those peaks were considered, as they had occurred on the last day
of the corresponding week, and the excess mortality rates are given on a weekly basis. The six
detected peaks were registered as occurring on the following dates: March 29, 2020, November 29,
2020, April 4, 2021, December 19, 2021, January 30, 2022 and July 24, 2022. They all have 28 days
with lower values of the percentage excess of mortality, both before and after the days of the peaks.
Moreover, they are all above the baseline of 15.6% [3]. In the second row of Table 2, all the five
peaks of the curve of the daily confirmed COVID-19 deaths are reported as detected by our multiple
peaks detection procedure, with their dates and their relative number of deaths (7-day rolling
averages), plus the values of the corresponding mobile baseline computed per those dates. The
considered period is January 5, 2020-October 31, 2022. The five detected peaks happened on the
following dates: April 1, 2020; December 6, 2020; April 13, 2021; February 4, 2022; August 1, 2022.

Mathematical Biosciences and Engineering Volume 20, Issue 4, 7042—-7055.
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They all have 28 days, with lower values of the 7-day rolling average of the daily confirmed
COVID-19 deaths, both before and after the days of the peaks. They are all above their baselines, set
at different values depending on the peak dates.

Table 2. Peaks of the curves of the percentage excess mortality and of the daily
COVID-19 deaths in Italy: i) for the peaks of the excess mortality, we report the dates of
the last day of the week when the curve of the percentage excess mortality peaked, along
with their percentage values; ii) for the peaks of the daily confirmed COVID-19 deaths,
we report the dates of the peaks, their relative number of deaths (7-day rolling averages)
and the values (in number of deaths) of the baseline.

Peak 1 Peak 2 Peak 3 Peak 4 Peak 5 Peak 6

last day of the week with March November  April 4,  December January July 24,
the highest peak 29, 2020 29, 2020 2021 19, 2021 30, 2022 2022

Excess Mortality
corresponding value of %

AN 85.6%  557%  262%  16.2% 16% 35.50%
oot AL O IS o ramay A
COVID-19 Deaths mﬁ?;g;f’/‘;?:&g%zdﬁhs 807 739 477 NotAppl. 376 175
baseline in number of 302 179 236 NotAppl. 177 167

deaths

Table 3. Number of days between corresponding pair peaks of the curves of the
percentage excess mortality, and of the daily COVID-19 deaths in Italy.

Peak 1 Peak2 Peak3 Peak4 Peak5 Peak6

Days between corresponding pairs of

peaks of the two curves 3 ! 9 Null 5 8

If we compare the dates of the peaks of the percentage excess mortality curve with those of the
daily confirmed COVID-19 deaths, we find that 5 out of the 6 highest peaks (83.3%) of the
percentage excess mortality curve have occurred, on average, a week before the concomitant
COVID-19 waves hit their highest peaks of daily confirmed deaths. In particular, Peak 1 of the daily
confirmed COVID-19 deaths occurred 3 days after the corresponding Peak 1 of the percentage
excess mortality. Peak 2 of the daily confirmed COVID-19 deaths occurred 7 days after the
corresponding Peak 2 of the percentage excess mortality. Peak 3 of the daily confirmed COVID-19
deaths occurred 9 days after the corresponding Peak 3 of the percentage excess mortality. Peak 5 of
the daily confirmed COVID-19 deaths occurred 5 days after the corresponding Peak 5 of the
percentage excess mortality. Peak 6 of the daily confirmed COVID-19 deaths occurred 8 days after
the corresponding Peak 6 of the percentage excess mortality, thus yielding a mean value of 6.4 days,
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with a standard deviation of 2.4 days. In Tables 3 and 4, we summarized the results above. The first
rows of Table 3 shows the number of the days, between corresponding pairs of peaks of the two
curves, while the first row of Table 4, reports the relative statistics: mean value and standard
deviation, measured in days.

Table 4. Statistics relative to the number of days between corresponding pairs of peaks.

Mean (days) Std. Dev. (days)

Statistics relative to the number of days between
: - 6.4 2.4
corresponding pairs of peaks of the two curves

To provide a graphical representation of the results reported in Table 2, we created Figures 3
and 4 plots, with red boxes, respectively: i) the highest peaks (six) of the curve of the percentage
excess of mortality for all causes, and ii) the highest peaks (five) of the curve of the daily confirmed
COVID-19 deaths in Italy.

80%
60%
40%
20%

0% Italy

Jan 5,2020 Aug 8, 2020 Feb 24, 2021 Sep 12, 2021 Mar 31, 2022 Oct 30, 2022

Figure 3. Peaks of the curve of excess mortality in Italy: on the y-axis, the percentage
difference between the number of weekly deaths in the period January 5, 2020—October
31, 2022 (x-axis), and the projected number of deaths for the same period based on
previous years. All the plotted peaks of the curve are considered to have occurred on the
last day of the corresponding week (March 29, 2020; November 29, 2020; April 4, 2021,
December 19, 2021; January 30, 2022, July 24, 2022). On June 27, 2021, marked with a
yellow box, a relative maximum was found (percentage of excess mortality = 15.6%),
which was not considered one of the highest peaks as the relative value of the percentage
of the excess mortality did not surpass the baseline.
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Figure 4. Peaks of the curve of the daily confirmed COVID-19 deaths in Italy: on the
y-axis, the number of new daily COVID-19 deaths (7-day rolling average), in the period
February 26, 2020—October 31, 2022 (x-axis). All the peaks of the curve are marked with
red boxes (April 1, 2020; December 6, 2020; April 13, 2021; February 4, 2022; August 1,
2022). On September 5, 2021, marked with a yellow box, a relative maximum was found
(7-day rolling average of the daily confirmed COVID-19 deaths = 60), which was not
considered one of the highest peaks as its relative value did not surpass the baseline.

4. Discussion

One of the first issues to mention regarding the results we achieved is that, of the six highest
peaks of the percentage excess mortality curve, only one (December 19, 2021) breaks the pattern, as
there is no correspondence with any peak in the curve of the daily COVID-19 confirmed deaths. This
single peak may tell us something more about the dynamic of the contagion in that specific period in
Italy. In fact, that was the period when the Omicron variant began to take over in Italy, becoming
seroprevalent very fast. If we look at the shape of the curve of the percentage excess mortality in that
temporal interval, we notice a very anomalous situation, with two peaks very close each other
(December 19, 2021 and January 30, 2022), both of the same magnitude, and with a kind of steep
canyon in the middle of the two with the excess mortality almost falling to 0. This situation has all
the characteristics of an outlier, caused by the advent of Omicron variant that changed the course of
the contagion in Italy.

Another relevant issue is about the fact that, while the all-cause excess mortality has been
considered a more appropriate measure of the total impact of the COVID-19 pandemic on deaths than
the confirmed COVID-19 death count alone [16], the interpretation of the result of the difference
between the excess mortality and the amount of confirmed COVID-19 death remains open to
discussion. Hence, rather than developing complex statistical models that, in the end, have a hard time
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distinguishing between the proportion of excess mortality that was directly caused by COVID-19 and
the number of deaths which were only an indirect consequence of the pandemic, we resorted to a
simpler and more neutral method to investigate the hypothesis of an association between excess
mortality and COVID-19 deaths. Essentially, we identified and counted all the highest peaks in the
percentage excess mortality curve in Italy, and compared them to the highest peaks of the concomitant
COVID-19 waves that have led to the maximum number of confirmed deaths.

Our peak detection analysis has showed that the highest peaks of the COVID-19 deaths curve
happen, on average, only a week after that the percentage excess mortality curve has hit its maximal
values. Ideally, one could notice that the pairs of peaks of the two curves should appear
simultaneously. However, even if we cannot observe a perfect synchrony, the distance in days
between the two peaks in each pair is, on average, very short (circa 6 days), and also the standard
deviation is very low (circa 2 days). A plausible motivation for this short difference can be attributed
mostly to delays in reporting.

Certainly, multiple confounding factors may have played a role in the final attribution of many
of the COVID-19 deaths, but our opinion is that the almost perfect coincidence between when the
percentage excess mortality curve peaked and the highest peaks of the COVID-19 deaths curve
provide evidence in favor of the hypothesis of a positive correlation between COVID-19 deaths and
all-cause excess mortality [23].

Another interesting source of discussion could be examining our results in the light of the
variations happened in the mortality rates during the pandemic period due to several factors. It is
quite sure, for example, that COVID-19 vaccinations have had an impact on the mortality during the
various periods we have considered. The study developed in [24] is of particular interest to this aim.
This analysis, in fact, shows the differences in mortality rates for COVID-19 amongst Italian
physicians in 2020 and 2021, revealing that the mortality was 12 times higher in the period March—
May 2020, compared to the same period in 2021 after the beginning of the vaccinations, at least in
that specific group of workers. It is of similar relevance the investigation conducted in [25], where
the occupational risk is discussed for healthcare workers who died a lot, especially at the beginning
of the pandemic. This confirms that, at the beginning of the pandemic, the excess mortality was
probably underestimated in various situations (e.g., elderly population and specific groups of
workers) due to a combination of factors, including the lack of appropriate diagnostic tools, the
absence of vaccines and various others.

Our approach has also several limitations. First, we recognize that, with our multiple peaks
detection analysis, we have avoided quantifying the number of deaths precisely attributable to
COVID-19. Nonetheless, we have followed this approach deliberately, in order to avoid to being
trapped in the never-ending loop circa the correct estimate of the number of COVID-19 deaths in
Italy. We have tried to look at this phenomenon from the perspective that a simple mathematical
technique with neutrality, and regardless of the underlying discussion on what a COVID-19 death
really is [26].

Another limitation of our study is concerned with the limited amount of time during which we
have analyzed the percentage all-cause excess mortality curve. From the viewpoint of signal
processing techniques, in fact, a period that returns only six peaks could be considered to offer just a
limited perspective on the underlying phenomenon. However, one should consider that the period of
time we have studied corresponds almost entirely to that of the pandemic. Our analysis has quit
around the end of October 2022, for the simple reason that those are the latest data on the excess
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mortality weekly rates provided by the Italian statistical and medical authorities. Moreover, our
opinion is that, if we were able to analyze the percentage excess mortality rate also in the residual
period of November 2022—January 2023, this would add almost nothing to our findings. Also,
considering that during that period in Italy, the count of COVID-19 deaths has continued to stabilize
in an almost predictable, endemic state (with circa 70/80 deaths per day, on average), probably due to
the high immunity degree achieved by the Italian population, with vaccinations and past infections.
Finally, another limitation of this study resides in the use of Italian data only. The extension to
different geographies could obviously result in more robust results, and it would allow us to discuss
our findings and their implications in a broader and more challenging context.

5. Conclusions

With the scientific community that appears divided into two factions, which alternatively claim
that the COVID-19 deaths are either underestimated or overestimated, we have investigated the
correlation between excess mortality and confirmed COVID-19 deaths, in Italy. We compared the
temporal series, looking for the corresponding highest peaks, and we found that 5 out of the 6 highest
peaks of the excess mortality curve have occurred, on average, just a week before the concomitant
COVID-19 waves hit their highest peaks of daily deaths. This provides evidence in favor of a
correlation between COVID-19 deaths and all-cause excess mortality. With this analysis, we think
we have provided an improved understanding of this issue, regardless of the presence of all the
factors that have confounded the general scenario.
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