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Abstract
Aims. To assess the impact of the COVID-19 pandemic on all-cause mortality in Italy 
during the first wave of the epidemic, taking into consideration the geographical hetero-
geneity of the spread of COVID-19.
Methods. This study is a retrospective, population-based cohort study using national sta-
tistics throughout Italy.  Survival analysis was applied to data aggregated by day of death, 
age groups, sex, and Italian administrative units (107 provinces). We applied Cox models 
to estimate the relative hazards (RH) of excess mortality, comparing all-cause deaths in 
2020 with the expected deaths from all causes in the same time period. The RH of excess 
deaths was estimated in areas with a high, moderate, and low spread of COVID-19. We 
reported the estimate also restricting the analysis to the period of March-April 2020 (first 
peak of the epidemic).
Results. The study population consisted of 57,204,501 individuals living in Italy as of 
January 1, 2020. The number of excess deaths was 36,445, which accounts for 13.4% 
of excess mortalities from all causes during January-May 2020 (i.e., RH = 1.134; 95% 
confidence interval (CI): 1.129-1.140). In the macro-area with a relatively higher spread 
of COVID-19 (i.e., incidence rate, IR): 450-1,610 cases per 100,000 residents), the RH 
of excess deaths was 1.375 (95% CI: 1.364-1.386). In the area with a relatively moderate 
spread of COVID-19 (i.e., IR: 150-449 cases) it was 1.049 (95% CI: 1.038-1.060). In 
the area with a relatively lower spread of COVID-19 (i.e., IR: 30-149 cases), it was 0.967 
(95% CI: 0.959-0.976). Between March and April (peak months of the first wave of the 
epidemic in Italy), we estimated an excess mortality from all causes of 43.5%. The RH of 
all-cause mortality for increments of 500 cases per 100,000 residents was 1.352 (95% CI: 
1.346-1.359), corresponding to an increase of about 35%.
Conclusions. Our analysis, making use of a population-based cohort model, estimated 
all-cause excess mortality in Italy taking account of both time period and of COVID-19 
geographical spread. The study highlights the importance of a temporal/geographic 
framework in analyzing the risk of COVID-19-epidemy related mortality.

Address for correspondence: Maria Dorrucci, Dipartimento Malattie Infettive, Istituto Superiore di Sanità, Viale Regina Elena 299, 00161 Rome, Italy. 
E-mail: maria.dorrucci@iss.it.



Maria Dorrucci, Giada Minelli, Stefano Boros et al.

O
r

ig
in

a
l
 a

r
t

ic
l

e
s
 a

n
d

 r
e

v
ie

w
s

26

INTRODUCTION
Italy was the first European country to be hit by the 

COVID-19 pandemic. The first confirmed case of CO-
VID-19 was reported on February 20, 2020 [1], and the 
first related death occurred in February; it was a man in 
his 70s who suffered from pre-existing cardiovascular 
disease. Since then and until the end of May 2020, Italy 
experienced a strong epidemic wave that, particularly in 
the months of March and April, put the national health 
services under pressure, especially in the regions with 
the highest cases of COVID-19 [2]. Excess mortality, 
defined as the difference between the total and expect-
ed mortalities, is one of the main epidemiological tools 
for the measurement of the effects of a pandemic [3].

In Italy [4, 5], as in the rest of Europe [6-8], numer-
ous studies have already been conducted with the aim 
of estimating excess mortality caused by COVID-19. 
Studies that compared the estimates among European 
countries [8] demonstrated that during the first wave 
of the epidemic, Italy was among the countries that 
had the highest number of excess deaths. The differ-
ences in the estimates between countries depended, as 
already observed [8], on the different characteristics of 
the populations. However, studies that estimate excess 
mortality in relation to the geographical spread of the 
disease are scarce.

The data on the first wave in Italy, due to the high 
geographical heterogeneity of the COVID-19 inci-
dence rates throughout the national territory [1], can 
help estimate excess mortality in relation to the geo-
graphical spread of the disease. On these grounds, we 
conducted an analysis of the overall mortality based on 
the data supplied by the National Institute of Statistics 
(Istituto Nazionale di Statistica, ISTAT) and the Italian 
National Integrated COVID-19 Surveillance System, 
managed by the National Institute of Health (Istituto 
Superiore di Sanità, ISS). This study aimed to describe 
all-cause excess mortality from January to May 2020, 
integrating all existing information on a national basis. 
In particular, we focused on the quantification of the 
excess of deaths from all causes in Italy in relation to 
the spread of COVID-19.

METHODS
Study population

The study population consisted of Italians living in 
Italy at the start of the study period, i.e., the resident 
population released by the Italian National Institute of 
Statistics on January 1, 2020. (ISTAT; http://dati.istat.
it). In the current analysis, the resident population was 
considered by Italian administrative units (107 prov-
inces), age (from 0-9 years to 90+ years by intervals of 
10 years), and sex.

Deaths from all causes. ISTAT releases estimates per 
day of the number of deaths from all causes by age, sex, 
and municipality of residence drawing from population 
and taxpayers’ registries (National Register of Resident 
Population and the information provided by the mu-
nicipalities themselves). For the present analysis of the 
year 2020, deaths from all causes referred to 7,357 mu-
nicipalities out of the 7,904 existing ones (for 93% of 
Italian municipalities corresponding to 95% of all Ital-

ian residents); for further details, see published report 
[9]. For the purpose of our study, the dataset of deaths 
from all causes was aggregated by day, provinces (107 
provinces), age, and sex.

COVID-19 surveillance and deaths in COVID-19 cases. 
COVID-19 cases are microbiologically (SARS-CoV-
2-positive nasopharyngeal swabs) diagnosed and col-
lected daily by the Italian Regions through a dedicated 
web platform (Italian National Surveillance System for 
COVID-19). This surveillance system is monitored and 
updated daily by the ISS as per the case definition pub-
lished and regularly updated online by the European 
Centre for Disease Prevention and Control (ECDC) 
[10-12]. Clinical and epidemiological information (e.g., 
age, sex, municipality/province of residence, comorbid-
ity, vital status, and date of death) are also collected.

For the present analysis, we extracted from the data-
set all cases and deaths (SARS-CoV-2 infections con-
firmed by RT-PCR) between January 1 and May 31, 
2020, by province of residence (107 provinces), age 
classes (from 0-9 years to 90+ years, aggregated over a 
10-year interval), sex, and day of death. 

Primary outcomes: i) observed number of deaths from 
all causes per day in 2020; ii) expected number of deaths 
from all causes in the same day (estimated as the aver-
age number of deaths from all causes occurring daily 
in the previous 5 years, i.e., 2015-2019); iii) observed 
excess number of deaths per day in 2020, calculated as 
the difference of the first two outcomes: i)-ii).

Secondary outcomes: i) observed number of deaths 
“with a COVID-19 diagnosis” per day in 2020; ii) num-
ber of deaths “without a COVID-19 diagnosis” per day 
in 2020 (calculated as the difference between the total 
number of deaths from all causes per day in 2020 and 
the number of deaths “with a COVID-19 diagnosis” per 
day); and iii) incidence of COVID-19 cases per day (in-
cidence rates × 100,000).

Study design
Retrospective cohort study.

Statistical analyses
All datasets were aggregated and merged by day, age 

group, sex, and province of residence. The count-time 
aggregate data were converted to frequency-weighted 
survival-time data. We considered in detail the survival 
times going from January 1, 2020, to the end of the study 
period, which was May 31, 2020, or to the date of death 
if the person died before the end of the study period.

We obtained interpolating curves for the outcomes 
per day (all-cause deaths, expected deaths, and differ-
ence between all-cause deaths and deaths with a CO-
VID-19 diagnosis) using the locally estimated scatter-
plot smoothing method (LOESS) [13]. The LOESS 
method was further used as a supplementary analysis 
to compare the main characteristics (age and sex) of 
the outcomes.

To estimate the cumulative incidences of the out-
comes, we employed the Kaplan-Meier method [14]. 
In addition, we applied Cox models [14] on aggregated 
data, as aforementioned, to estimate the relative haz-
ards (RHs) of deaths from all causes in 2020 compared 
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with the expected number of deaths from all causes in 
the same year, i.e., the RHs of excess deaths. The same 
model was used to estimate the RHs of deaths without 
a COVID-19 diagnosis, defined above, in 2020 com-
pared with the expected deaths from all causes in the 
same year. The analyses were also repeated separately 
by geographical areas. For this purpose, we considered 
different levels of COVID-19 diffusion according to the 
tertiles of the COVID-19 incidence rates per 100,000 
residents, and we classified provinces accordingly. In de-
tail, we assumed “low spread of COVID-19” when the 
incidence rates by province were less than the first tertile, 
“moderate spread of COVID-19” when the rates ranged 
from the first to the second tertile, and “high spread” 
when the COVID-19 rates were over the third tertile.

Finally, we restricted the analysis to the period of 
March-May 2020 (first peak of the epidemic) to esti-
mate again the RH excess mortality from all causes and 
calculate the RH of excess deaths for COVID-19 inci-
dence rate increments.

Data were analyzed using the SAS software version 
9.4.

RESULTS
Demographic characteristics of the cohort  
and the COVID-19 diagnoses

In total, 57,204,501 individuals were included in the 
analysis (Supplementary Figure 1 available online and 
demographic description in Table 1). The geographical 
distribution of the excluded population (5%) was simi-
lar to that of the included population: of the excluded 
individuals, 41% lived in the north, 22% in the center, 
and 37% in the south; of those included, 44% lived in 
the north, 21% in the center, and 35% in the south.

The age and sex distributions of the cohort (Table 1) 
were similar to those of the whole Italian population 
(Table 1): young people accounted for less than 20% 

(people younger than 20 = 10,176,681, accounting for 
17.8%), and people older than 60 accounted for almost 
30% (25,513,208, accounting for 29.7%), with a male-
to-female ratio of about 0.95.

Most of the deaths from all causes (Table 1) occurred 
in the age group of 80-89 years (121,055; 39.3%) and in 
females (158,613; 51.5%). The age distribution of CO-
VID-19-related deaths was similar to that of all-cause 
deaths in the Italian population, except for individuals 
aged 70-79 years for whom the percentage was higher 
(26.7% vs 19.7%), as well as among individuals aged 
90+ years for whom, however, the percentage was lower 
(17.6% vs 26.5%); with regard to gender, the majority of 
COVID-19 deaths were males (18,842; 58.5%).

Table 2 (part a) presents a brief description of the CO-
VID-19 cases confirmed by the Italian National Surveil-
lance System on COVID-19. The majority of cases of 
COVID-19 was concentrated in 36 provinces (33.6%), 
where the National Surveillance System reported dur-
ing the studied period an incidence rate of at least 450 
COVID-19 cases per 100,000 residents (high diffusion 
area). Conversely, lower spread of the disease was ob-
served in the remaining provinces (Table 2, part a, low 
and moderate spread of COVID-19). It should be not-
ed that the distribution by sex and age of COVID-19 
cases was quite similar in the three COVID-19 diffu-
sion macro-areas (Table 2, part b). In addition, it should 
be noted that among individuals aged 80+ years, the 
highest percentage was reported in the area with high 
incidence, especially in comparison with the estimate 
reported in low spread area (27.1% in the area with high 
incidence vs 14.1% in the area with low incidence).

Temporal patterns of the main outcomes according to 
the geographical spread of COVID-19

Overall, the ISTAT reported 307,809 deaths from all 
causes in Italy from January 1, 2020, to May 31, 2020 

Table 1
Population description, corresponding to 94.9% of all residents in Italy at January 1st 2020; deaths occurred from Jan 1st to May 31 
2020

Demographic 
features

Groups Total cohort Deaths for any causes COVID-19 related death

Totals 57,204,501 307,809 32,236

frequency (%) frequency (% ) frequency (% )

Age 0-9 4,702,210 (8.2%) 564 (0.2%) 3 (<1%)

10-19 5,474,471 (9.6%) 263 (0.1%) 0 (0%)

20-29 5,846,300 (10.2%) 594 (0.2%) 14 (<1%)

30-39 6,601,399 (11.5%) 1,248 (0.4%) 64 (0.2%)

40-49 8,586,396 (15.0%) 4,178 (1.4%) 285 (0.9%)

50-59 9,021,150 (15.8%) 12,080 (3.9%) 1,129 (3.5%)

60-69 7,053,315 (12.3%) 25,850 (8.4%) 3,282 (10.2%)

70-79 5,703,289 (10.1%) 60,537 (19.7%) 8,594 (26.7%)

80-89 3,460,872 (6.0%) 121,055 (39.3%) 13,179 (40.9%)

≥90 755,099 (1.3%) 81,440 (26.5%) 5,686 (17.6%)

Sex males 27,858,592 (48.7%) 149,196 (48.5%) 18,842 (58.5%)

females 29,345,909 (51.3%) 158,613 (51.5%) 13,394 (41.5%)
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(Table 1); of these deaths, 36,445 were in excess relative 
to the expected numbers in the same period (36,445 = 
307,809-271,364; 271,364.2 = average in the previous 5 
years (from January 1 to May 31 during the years: 2015-
2019). Of these 36,445 excess deaths, the majority oc-
curred in laboratory-confirmed COVID-19 cases, reg-
istered by the Italian National Integrated COVID-19 
Surveillance System (32,236 “deaths with a diagnosis of 
COVID-19”; COVID-19 deaths as in Table 1), whereas 
the remaining 4,209 (11.5%) were deaths “without a 
COVID-19 diagnosis.”

Figure 1 (part A) clearly shows an increase in the 
excess number of deaths (red line vs blue line) from 
early March 2020, with a peak at the end of March, 
which exactly followed the peak of “deaths with a CO-
VID-19 diagnosis” (in March 27, Supplementary Figure 
2 available online). The excess number of deaths was 
lower in provinces reporting low to moderate levels of  
COVID-19 incidence (Figure 1, parts B and C) and 
higher in those with a higher diffusion of COVID-19 
(Figure 1, part D).

When considering temporal patterns in the excess 
number of deaths by sex and age (Supplementary Figure 3 
available online), we observed that the excess number of 
all-cause deaths was higher in males than in females in all 
age groups, except for females aged 90+ years. Similarly, 
the number of deaths “diagnosed as non-COVID-19” 
was higher in males aged 80-89 years respect the number 
of females of the same age group. Furtherly, the number 

of deaths “diagnosed as non-COVID-19” was higher in 
females aged 90+ vs males aged 90+ years (Supplementary 
Figure 3, parts B, C, E, and F available online).

Estimates of the cumulative incidences of deaths from 
all causes and comparison with the expected number 
of deaths according to the COVID-19 diffusion over 
time

The observed and estimated cumulative mortalities 
from all causes of death are reported by month in Sup-
plementary Table 1 available online. The observed esti-
mates of mortality were lower than expected until Feb-
ruary 2020 (i.e., the observed mortality was 0.19% on 
February 2020 vs the expected mortality of 0.21%) and 
higher afterwards, ranging from 0.34 in March to 0.54 
in May 2020 (Supplementary Table 1 available online).

In areas with a high spread of COVID-19 (Figure 
2, part B), the observed rates increased from 0.10% in 
January 2020 to 0.66% in May 2020, whereas in those 
with a lower spread, the all-cause mortality decreased 
from 0.10% to 0.44% over the same period, respectively.

These results were confirmed by the Cox models, 
which yielded RH of observed to expected numbers of 

Table 2 (part a)
Description of COVID-19 cases occurred in Italy from Jan 1st to 
May 31 2020

Demographic features

Total 223,937

frequency (col %)

Age groups

0-9 1,818 (0.8%)

10-19 3,364 (1.5%)

20-29 12,391 (5.5%)

30-39 17,248 (7.7%)

40-49 29,046 (13.0%)

50-59 40,208 (18.0%)

60-69 29,948 (13.4%)

70-79 32,243 (14.4%)

80-89 39,460 (17.6%)

≥90 18,211 (8.1%)

Sex

males 102,640 (45.8%)

females 121,297 (54.2%)

Spread level of COVID-19*

low (30-149 cases per 100,000) 18,517 (8.3%)

moderate (150-449 cases per 
100,000)

42,323 (18.9%)

high (450-1,610 cases per 100,000) 163,097 (72.8%)

Table 2 (part b)
Description of COVID-19 cases by COVID-19 spread

Demographic 
features 

Low 
spread

Moderate 
spread

High 
spread

Total 18,517  
(8.3%)

42,323 
(18.9%)

163,097 
(72.8%)

freq. (col. %) freq. (col. %) freq. (col. %)

Age groups

0-9 315 (1.7%) 452 (1.1%) 1,051 (0.6%)

10-19 641 (3.4%) 903 (2.1%) 1,820 (1.1%)

20-29 1,646 (8.9%) 2,918 (7.0%) 7,827 (4.8%)

30-39 2,004 (10.9%) 3,579 (8.5%) 11,665 (7.1%)

40-49 2,726 (14.7%) 5,830 (13.8%) 20,490 (12.7%)

50-59 3,665 (20.0%) 8,129 (19.2%) 28,414 (17.4%)

60-69 2,721 (14.6%) 5,512 (13.0%) 21,715 (13.3%)

70-79 2,172 (11.7%) 5,311 (12.5%) 24,760 (15.2%)

80-89 1,933 (10.4%) 6,455 (15.2%) 31,072 (19.0%)

≥90 694 (3.7%) 3,234 (7.6%) 14,283 (8.8%)

Sex

males 9,527 (51.5%) 18,673 (44.1%) 74,440 (45.6%)

females 8,990 (48.5%) 23,650 (55.9%) 88,657 (54.4%)

*Levels were obtained on the basis of the tertiles of the distribution of the 
incidence rates of COVID-19 by province of residence.
Note: the Italian provinces with low incidence were: Agrigento, Ascoli Piceno, 
Bari, Barletta, Benevento, Cagliari, Caltanissetta, Caserta, Catania, Catanzaro, 
Cosenza, Crotone, Enna, Foggia, Frosinone, Isernia, L’Aquila, Latina, Lecce, 
Livorno, Matera, Messina, Napoli, Nuoro, Oristano, Palermo, Potenza, Ragusa 
Reggio Calabria, Roma, Salerno, Siracusa, Sud Sardegna, Taranto, Trapani, Vibo 
Valentia, Viterbo; moderate incidence: Ancona, Arezzo, Brindisi, Campobasso, 
Chieti, Cuneo, Fermo, Ferrara, Firenze, Forlì-Cesena, Gorizia, Grosseto, La Spezia, 
Lucca, Macerata, Padova, Perugia, Pisa, Pistoia, Pordenone, Prato, Ravenna, Rieti, 
Rovigo, Sassari, Siena, Teramo, Terni, Treviso, Udine, Varese, Venezia, Vicenza; 
high incidence: Alessandria, Aosta, Asti, Belluno, Bergamo, Biella, Bologna, 
Bolzano, Brescia, Como, Cremona, Genova, Imperia, Lecco, Lodi, Mantova, 
Massa Carrara, Milano, Modena, Monza e della Brianza, Novara, Parma, Pavia, 
Pesaro e Urbino, Pescara, Piacenza, Reggio Emilia, Rimini, Savona, Sondrio, 
Torino, Trento, Trieste, Verbano-Cusio-Ossola, Vercelli, Verona.
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deaths from all causes of 1.375 (95% CI: 1.364-1.386), 
1.049 (95% 1.038-1.060), and 0.967 (95% CI:0.959-
0.976), respectively, in areas with a high, moderate, and 
low spread of COVID-19, for the year 2020 (January-
May).

In Figure 2 (part E), the observed mortality from 
deaths without a COVID-19 diagnosis is graphed to-
gether with the expected mortality from all causes of 
death; therefore, the RH of the observed number of 
deaths without a COVID-19 diagnosis relative to the 
expected number of deaths was 1.016 (95% CI: 1.011-
1.022), accounting for about 2% of excess mortality.

Restricting the analysis to the period of March-April 
2020 (peak of the epidemic), the RH of excess deaths 
was 1.435 (95% CI: 1.424-1.446). We also estimated 
that the excess mortality increased by 35.2% for every 
500 increase per 100,000 residents in the number of 
new cases of COVID-19 (Table 3).

DISCUSSION
Applying a population-based cohort approach, we es-

timated excess mortality attributable to the COVID-19 
epidemic according to different geographical spread of 
the virus during the first 5 months in 2020. This was 

possible, thanks to the use of two nationwide data 
sources (ISS and ISTAT).

The study highlights an “excess” in mortality, an epi-
demiological term used to give an estimate of the dif-
ference between the observed number of deaths in a 
specific period and the expected number of deaths in 
the same period [3]. This could be due to both the di-
rect and indirect effects of the pandemic. Direct effects 
take into consideration the number of deaths diagnosed 
as “COVID-19.” All the excess deaths may be due to 
COVID-19, but they might have occurred before a pos-
sible diagnosis of SARS-CoV-2 infection (for instance, 
deaths from organ dysfunctions, such as heart or kidney 
failures, are likely to be triggered by the virus).

The indirect effects include the deaths of patients suf-
fering from serious diseases other than COVID-19 due 
to the overload of the National Health Service, espe-
cially in the most affected areas, as also observed in the 
USA [15, 16]. The anticipated deaths of fragile people, 
such as the elderly, could be considered as another in-
direct effect of the pandemic. Only future analyses ex-
tended to the entire period of 2020-2021 will be able 
to assess the full impact of the pandemic, including a 
possible “collection” phenomenon, the so-called “har-

Figure 1
All-cause daily deaths from January 1 to May 31, 2020 (red curve); average number of deaths (blue curve) that occurred between 
2015 and 2019 in the same study period (expected deaths); deaths without a COVID-19 diagnosis (green curve, i.e., difference be-
tween all-cause deaths and deaths with a COVID-19 diagnosis); curves fitted by locally estimated scatterplot smoothing (LOESS), 
local regression method. Described graph curves in: part A) all Italian provinces; part B) Italian provinces with low spread of CO-
VID-19; part C) Italian provinces with moderate spread of COVD-19; part D) Italian provinces with high spread of COVID-19.
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vesting effect.” Furthermore, the sanitary containment 
measures taken to tackle the health crisis during the 
first wave have significantly reduced violent deaths, 
such as traffic accidents.

In Italy, mortality from any cause started to rise 
quickly since the beginning of March 2020 and declined 
after a peak of more than 3,000 deaths in March 27. 

The same trends were observed for COVID-19-related 
deaths and deaths registered without a COVID-19 di-
agnosis. Therefore, the excess deaths gradually dimin-
ished after the peak in March 27.

We estimated a RH of excess deaths of 1.13 between 
January 1 and May 31/2020, i.e., an excess of 13% in 
the observed number of deaths from all causes com-

Figure 2
Part A) all-cause mortality in Italy during the study period; all provinces throughout Italy (part A), RH = 1.134 (95% CI: 1.129-1.140); 
part B) provinces with a high spread of COVID-19, RH of mortality observed in 2020 vs all-cause expected mortality = 1.375 (95% CI: 
1.364-1.386); part C) provinces with moderate spread, RH of 2020 vs expected deaths = 1.049 (95% 1.038-1.060); part D) provinces 
with low spread, RH of 2020 vs expected = 0.967 (95% CI: 0.959-0.976); part E) cumulative incidences of deaths without a COVID-19 
diagnosis vs expected deaths, RH = 1.016 (95% CI: 1.011-1.022).
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pared with the number of expected deaths from all 
causes. In the same period, the RH of the observed 
deaths without a COVID-19 diagnosis compared with 
the expected deaths from all causes was equal to 1.016, 
indicating that about 2% of the excess deaths occurred 
in subjects without a diagnosis of COVID-19. This per-
centage may partly reflect a delay in the diagnosis and/
or access to health services (individuals may have died 
before being tested). It should be noted that these find-
ings should be confirmed by analyzing all the causes 
of deaths. In this regard, the Italian National Institute 
of Statistics recently analyzed all the causes of death 
observed in March-April 2020 (the period of the first 
epidemic wave in Italy), considering deaths obtained 
from the death certificate data (https://www.istat.it/it/
files//2021/04/Report-Cause-di-Morte_21_04_2021.
pdf). They found that COVID-19 was the leading cause 
of death among males and the second (after neoplasms) 
among females.

When exploring excess deaths by sex and age groups, 
we observed that the all-cause excess deaths were high-
er in males than in females in all age groups, except for 
females aged 90 years or older. Notably, we observed in 
both sexes, aged 80 years or older, a higher number of 
deaths “diagnosed as non-COVID-19” during the peak 
months, especially in females aged 90 years or older. 
Unsurprisingly, this result reflected the structure of the 
Italian population, as in the rest of Europe, where fe-
males account for more than 70% of individuals aged 
90 years or older (https://ec.europa.eu/eurostat/statis-
tics-explained/index.php?title=Population_structure_
and_ageing). Furthermore, these results could prompt 
further research on the origins and causes of under-re-
porting of COVID-19 deaths.

We also demonstrated that the largest increase in 
mortality was observed in provinces with a COVID-19 
incidence rate of 450-1,610 cases per 100,000 resi-
dents, with an overall increase in mortality of about 
37%. Conversely, the RH of excess deaths decreased to 
5% in provinces with a moderate level of COVID-19 
incidence (150-449 cases per 100,000 residents); we 
observed an RH of death lower than 1 in provinces with 
a COVID-19 incidence lower than 30-149 cases per 
100,000 residents, i.e., the mortality observed in 2020 
was lower than expected. Our results are only in part 
consistent with a recent study conducted in Italy [17]. 
The authors reported “an estimated increase of 47,490 
(95% eCI: 43,984-50,362) from the expected baseline 
numbers when accounting for temporal trends and dif-
ferences in temperature distribution,” corresponding 

to a percentage excess of 29.5% (95% eCI: 26.8-31.9). 
Even if not directly comparable because of differences 
in the periods analyzed and in the design and method 
used, we obtained a high percentage (43%) of excess 
mortality in March and April. Again, even if direct 
comparison with our results was impossible, our study 
partially replicates findings from a population-based 
cohort study conducted on a large sample of the UK 
population (3,862,012 of adults), in which the different 
scenarios hypothesized by the UK model approximately 
correspond to the three levels of COVID-19 spread in 
Italy (low, moderate, and high) [7]. We also estimated 
the increase in the RH for all-cause mortality with the 
increase in the incidence rate of COVID-19 (for incre-
ments of 500 cases per 100,000 residents), which was 
equal to 1.352 (95% CI: 1.346-1.359), corresponding to 
an increase of about 35% in the excess deaths for every 
500 increase in the number of diagnoses per 100,000 
residents. The last estimate could be a benchmark: for 
example, the excess mortality would be almost double 
(70%) for incidences of 1,000 new COVID-19 cases 
per 100,000, and this is what happened unfortunately 
in many municipalities in the north during the first wave 
[10, 17].

We also observed that among subjects aged 80 years, 
those who were living in areas with a high spread of 
COVID-19 were relatively more affected than those of 
the same age who were living in areas with a low spread 
of COVID-19 (27.1% vs 14.1%). This result highlights 
that, during the first wave, a high proportion of CO-
VID-19 cases was reported in nursing homes, especially 
in the area with a high spread of the epidemic, i.e., in 
the northern regions [18].

Several studies have been published in Europe [6, 7], 
in USA [15, 16], and Italy [4, 5], taking into account 
excess deaths; however, this is one of the first studies 
to summarize all the available information on mortal-
ity, integrating data from two national data sources, 
namely, the National Institute of Statistics and CO-
VID-19 Surveillance Data from the National Institute 
of Health. Therefore, the strength of this study relies 
on the fact that it was based on almost the entirety of 
the Italian resident population. Furthermore, the het-
erogeneity in the geographical spread of the epidemic 
allowed for the estimation of the different impacts on 
excess deaths in different areas according to different 
levels of COVID-19 incidence.

This study has some limitations. First, we applied a 
cohort approach without using individual data, but us-
ing aggregated data. While we could apply survival tech-
niques as we knew the individual death dates, we were 
not able to be as accurate on COVID-19 exposure: 
given the association between aggregated cases/deaths 
at the province level, we cannot ignore the possible 
impact of ecological fallacy on our estimates of excess 
deaths. Furthermore, we assumed that the entire Ital-
ian population was exposed to the virus starting from 
an arbitrary date (January 1, 2020), and as a result, we 
have presumably underestimated the excess mortality. 
However, a recent study in Italy showed virus detection 
in wastewater since December 2019 in large cities in 
the north [20], confirming the appropriateness of this 

Table 3
Relative hazard (RH) of excess mortality (year 2020 vs expect-
ed) and RH for increments of 500 cases per 100,000 residents 
during the peak months of epidemic (March and April 2020) 

RH of death for 
any cause

95% CI

Year 2020 vs expected 1.435 (1.424-1.446)

Incidence rate of 
COVID-19 per increments 
of 500 x 100,000 residents 

1.352 (1.346-1.359)
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date as time zero of our analysis, especially as regards 
the northern regions.

Second, we used the COVID-19 incidence rate per 
100,000 residents as a measure of the spread of the vi-
rus. Moreover, at the beginning of the epidemic, the in-
cidence rates of COVID-19 were mostly representative 
of symptomatic people [1]. Therefore, when including 
asymptomatic cases, the estimates of COVID-19 inci-
dence would have been much higher, as was the case in 
subsequent epidemic waves including the different geo-
graphical patterns of the Sars-Cov2 diffusion [21]. Final-
ly, we defined deaths as “COVID-19-related” when oc-
curring in patients who tested positive for SARS-CoV-2 
by RT-PCR, regardless of pre-existing diseases that may 
have caused the death, as previously reported [1, 19]. 
This also reflected the unclearness of the definition of 
COVID-19-related death at the start of the epidemic.

In conclusion, our analysis, in which we used a pop-
ulation-based cohort approach, provided estimates of 
mortality excess due to COVID-19 in Italy, in particular 
during the first wave of the epidemic, when the surveil-
lance system had just been established.
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