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Abstract. We analyzed the spread of the COVID-19 epidemic in 9 metropolitan regions of the world with 
similar socio-demographic characteristics, daytime commuting population and business activities: the New 
York State, Bruxelles-Capital, the Community of Madrid, Catalonia, the Île-de-France Region, the Greater 
London county, Stockholms län, Hovedstaden (Copenhagen) and the Lombardy Region. The Lombardy 
region reported the highest COVID-19 crude mortality rate (141.0 x 100,000) 70-days after the onset of the 
epidemic, followed by the Community of Madrid (132.8 x 100,000) New York State (120.7 x 100,000). The 
large variation in COVID-19 mortality and case-fatality rates for COVID-19 in different age strata suggested 
a more accurate analysis and interpretation of the epidemic dynamics after standardization of the rates by age. 
The share of elder populations (>70 years) over total population varies widely in the considered study settings, 
ranging from 6.9% in Catalonia to 17.0% in Lombardy. When taking age distribution into consideration the 
highest standardized mortality rate was observed in the State of New York (257.9 x 100,000); with figures in 
most of the European regions concentrated between 123.3 x 100,000 in Greater London and 177.7 x 100,000 
in Bruxelles-Capital, lower in French and Danish regions. We also report and critical appraise, when available, 
COVID-19 mortality figures in capital cities, nursing homes, as well as excess mortality at country level. Our 
data raise awareness on the need for a more in-depth epidemiological analysis of the current COVID-19 pub-
lic health emergency that further explores COVID-19 mortality determinants associated with health services 
delivery, community-level healthcare, testing approaches and characteristics of surveillance systems, including 
classification of COVID-19 deaths. (www.actabiomedica.it)
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O r i g i n a l  a r t i c l e 

Introduction

The COVID-19 pandemic had major impacts in 
urban settings, (1), including in London, Paris, New 
York, Madrid, Bruxelles and Milan, among others. All 
these metropolitan areas share similar characteristics 
and well-established commercial exchanges with Chi-
na, where SARS-CoV-2 transmission started between 
the end of year 2019 and the beginning of 2020.

Containment measures have evolved over time: in 
addition to quarantine, health authorities have under-
taken limitations of mobility (2), lockdown measures 
(3), have established “red zones” (4), contact tracing (1), 
home fiduciary isolation (5), supported by advances in 
technology (6), and better risk communication (7-9). 
These non-pharmacological preventive measures have 
played a crucial role, also considering the current lack 
of effective drugs and vaccines for COVID-19 (10, 11).
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In a previous preliminary analysis (4) we com-
pared crude COVID-19 mortality rates 30 days after 
the onset of the epidemic, exploring different epidemic 
dynamics, health systems’ response and healthcare de-
livery management in different settings. The current 
study, developed around the same theoretical frame-
work(12), builds on previous findings and analyzes 
nine metropolitan areas, with the aim of further assess-
ing the spread of COVID-19 and its mortality, tak-
ing into consideration several characteristics, includ-
ing age distribution. We also explore and expand on 
the impact of implemented containment measures and 
healthcare systems response (12). Specifically, we take 
into consideration COVID-19 mortality rates (crude 
and age-standardized) up to 70 days (10 weeks) af-
ter the onset of the epidemic period during which the 
COVID-19 epidemic curve slowed down in all con-
sidered settings.

Methods

We considered COVID-19 mortality instead of 
notification rates, acknowledging the highest reliabil-
ity of such indicator. Study settings have been chosen 
considering geographical, societal, and economic char-
acteristics, and considering the availability and compa-
rability of official COVID-19 mortality data. 

For each of the nine regions, we built a profile 
which included administrative, demographic, and so-
cial characteristics (the latter was estimated in terms 
of population age distribution and number of nursing 
homes). With respect to COVID-19, we analyzed the 
number of deaths and draw mortality curves, starting 
on the day during which the first 3 deaths were re-
ported by surveillance systems in each area. Further-
more, we analyzed mortality rate at the regional and 
metropolitan level to evaluate centripetal trend of the 
epidemic. Finally, we analyzed in detail the case of 
Lombardy and with its the metropolitan area of Milan, 
the European region hit first and whose mortality rates 
has been considered to be abnormal (13).

Due to the wide differences in age distribution 
across study settings (proportion of people older than 
70 years ranging from 6.9% Catalonia to 17.0% Lom-
bardy), in addition to crude mortality rates, we cal-

culated mortality rates standardized by age using the 
indirect method and the age-specific mortality rates of 
Lombardy Region as reference population.

Results

First, we describe the characteristics of the nine 
metropolitan areas in terms of demographic data, pop-
ulation age distribution, and nursing homes:

NEW YORK STATE – New York State has a 
population of 19,378,102 inhabitants and a population 
density of 159 inhabitants/km2 (14). The capital region 
is New York City with a population of 8,388,748 in-
habitants and a population density of 10,715 inhabit-
ants/km2 (14). Considering the population age distri-
bution of the region (Table 1), only 7.7% of the whole 
population is older than 70 years (Figure 1). In the 
region there are 450 nursing homes, where 3,405 con-
firmed death and 2,522 probable death for COVID-19 
occurred until the 30th of May 2020 (representing the 
20% of the total COVID-19 death recorded in the 
area) (15). For the period 1st February- 30th May 2020, 
the excess mortality rate not attributed to COVID-19 
is 21.5% (8,077/36,644) higher compared to the same 
period of 2019 (16, 17). Crude and age-standardized 
cumulative mortality rate of the Region are shown in 
Figure 2. Crude cumulative mortality rate of the capi-
tal is shown in Table 2, data starting from the begin-
ning of the epidemic (15th March 2020) (18). Crude 
and age-standardized weekly mortality rate are shown 
in Figure 3.

BRUXELLES-CAPITAL – The Bruxelles-
Capital Region has a population of 1,208,542 inhab-
itants and a population density of 7,489 inhabitants/
km2 (19). The central area includes the city of Brux-
elles (181,726 inhabitants, and population density of 
5,570 inhabitants/km2) (20). Considering the popu-
lation age distribution of the region (Table 1), only 
9.4% of the whole population is older than 70 years 
(Figure 1). In the region there are 146 nursing homes, 
where 643 confirmed death for COVID-19 occurred 
until the 7th of June 2020 (representing the 49.2% of 
the total COVID-19 death recorded in the region) 
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(21). For the period 24th February- 24th May 2020, the 
excess mortality rate not attributed to COVID-19 is 
9.2% (134/1,455) higher compared to the same period 
of 2019 (22). Crude and age-standardized cumulative 
mortality rate of the Region are shown in Figure 2. 
Crude cumulative mortality rate of the capital region is 
shown in Table 2, data starting from the beginning of 
the epidemic (11th March 2020) (23). Crude and age-
ad weekly mortality rate are shown in Figure 3.

COMMUNITY OF MADRID – The Commu-
nity of Madrid has 6,661,949 inhabitants and a popu-

lation density of 829.84 inhabitants/km2 (24, 25). The 
capital region is Madrid with 3,266,126 inhabitants 
and a population density of 5,265 inhabitants/km2(25). 
Considering the population age distribution of the re-
gion (Table 1), only 13.0% of the whole population 
is older than 70 years (Figure 1). In the region there 
are 700 nursing homes, where 1,251 confirmed death 
and 4,728 probably death for COVID-19 occurred 
(representing the 68.8% of the total COVID-19 death 
recorded in the region) (26). For the period 1st January- 
24th May 2020, the excess mortality rate not attributed 
to COVID-19 is 42.1% (6,325/15,011) higher com-

Table 1. Population age distribution stratified in four age groups, in the nine Regions

Age (in 
years)

New York 
State

Bruxelles Com. 
Madrid

Catalonia Ile de 
France

Greater 
London

Stockholms 
län

Hovedtsnden Lombardy

0-59 82.8% 82.3% 76.7% 87.7% 79.5% 84.7% 79.0% 77.8% 71.3%

60-69 8.7% 8.2% 10.3% 5.4% 9.6% 7.3% 9.3% 9.7% 11.8%

70-79 5.0% 5.4% 7.5% 3.9% 6.5% 4.8% 7.8% 8.4% 9.9%

80+ 3.5% 4.1% 5.5% 3.0% 4.4% 3.1% 4.0% 4.0% 7.1%

Figure 1. Population age distribution older than 70 years, in the nine Regions 
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pared to the same period of 2019 (27, 28). Crude and 
age-standardized cumulative mortality rate of the Re-
gion are shown in Figure 2. Crude cumulative mortal-
ity rate of the capital region is shown in Table 2, data 
starting from the beginning of the epidemic (6th March 
2020) (29). Crude and age-standardized weekly mor-
tality rate are shown in Figure 3.

CATALONIA – Catalonia has 7,619,494 in-
habitants and a population density of 235.63 inhab-
itants/km2 (25). The capital region is Barcelona with 
1,636,762 inhabitants and a population density of 
15,992.21 inhabitants/km2 (25). Considering the 
population age distribution of the region (Table 1), 

only 6.9% of the whole population is older than 70 
years (Figure 1). In the region there are 1,073 nursing 
homes, where 4,084 confirmed death for COVID-19 
occurred (representing the 73.1% of the total COV-
ID-19 death recorded in the region) (26). For the peri-
od 1st January- 24th May 2020, the excess mortality rate 
not attributed to COVID-19 is 51.5% (5,919/11,494) 
higher compared to the same period of 2019(27, 28). 
Crude and age-standardized cumulative mortality rate 
of the Region are shown in Figure 2. Crude cumulative 
mortality rate of the capital region is shown in Table 
2, data starting from the beginning of the epidemic 
(10th March 2020) (29). Crude and age-standardized 
weekly mortality rate are shown in Figure 3.

Figure 2. 70 days-Cumulative mortality rate in the nine Regions (a) crude, and (b) age-standardized 
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Table 2. Summary of demographic characteristics of the nine considered areas; proportion of deaths in nursing homes and other 
epidemiological characteristics

Area Population 
x 100,000

Population 
density  
inh./km2

Beginning of 
the epidemic 
*, week of the 
peak

Deaths 
in 
nursing 
homes 
(%)§

Crude  
cumulative  
mortality rate°

Definition of COVID-19 
death

New York State 8,623 159 15th March; 4th 

week
20 120.7 People who tested positive 

and who did not have a posi-
tive COVID-19  
laboratory test, but their 
death certificate lists as the 
cause of death “COVID-19” 
or an equivalent (18)

New York city 8,388 10,715 191.3

Bruxelles- Capital 1,209 7,489 11th March; 5th 

week
49.2 107.9 Both confirmed and 

probable deaths (64)Bruxelles 181 5,570 n.a.

Community of 
Madrid

6,662 829 6th March; 4th 

week
68.8 132.8 Before April, the 17th only 

people who tested positive in 
hospital. After,  
independent of the place of 
death.

Madrid 3,266 5,265 n.a.

Catalonia 7,619 235 10th March; 4th 

week
73.0 79.0 Before April, the 17th only 

people confirmed and  
probable cases. After, same as 
the rest of Spain.

Barcellona 1,636 15,999 n.a.

Ile-de-France 12,278 1,022 11th March; 4th 

week
50.0 55.7 Only hospitalized patients 

who test positive for SARS-
CoV-2 (excluding death 
occurred in community or in 
nursing homes) (65)Paris 2,148 20,382 76.39

Greater London 9,304 5,671 8th March; 5th 

week
14.0 62.7 Only hospitalized patients 

who test positive for SARS-
CoV-2 (included post-mor-
tem test)(66)

Inner London 3,000 9,404 56.6

Stockholms län 2,119 325 6th March; 5th 

week
32.0 93.0 Patients who test positive for 

SARS-CoV-2,  
independently of the cause of 
death (67)

Stockholms 960 5,129 96.9^

Hovedstaden 1,846 718 16th March; 4th 

week
n.a. 31.2 Patients who test positive for 

SARS-CoV-2,  
independently of the cause of 
death (68)

Hillerød 33 155 n.a.

Lombardy 10,088 422 23rd February; 
5th week

50.0 141.0 Patients who test positive for 
SARS-CoV-2,  
independently of the cause of 
death (69)

Milan 3,250 2,603 72.8+

*Considered as the day during which the first 3 deaths were recorded; °Considered the 30th day since the beginning of the epidemic; 
§ based on total COVID-19 deaths; ^ until 15th June 2020; + until 17th April; n.a. not available
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ÎLE-DE-FRANCE (Paris region) – We ana-
lyzed the region of Île-de-France, with 8 Départe-
ment, a total population of 12,278,210 inhabitants 
(18% of metropolitan France population) and a popu-
lation density of 1,022.25 inhabitants /km2 (30). The 
capital region is Paris, divided into 20 arrondissement, 
with 2,148,271 inhabitants and a population density of 
20,382 inhabitants /km2 (31).

Considering the population age distribution of 
the region (Table 1), only 10.9% of the whole popula-
tion is older than 70 years (Figure 1). In the region 
there are 760 nursing homes (32), where 5,621 con-
firmed death for COVID-19 occurred until 28th May 
2020 (representing approximately the 50% of the to-

tal COVID-19 death recorded in the country) (33). 
For the period 11th March- 20th May 2020, the excess 
mortality rate not attributed to COVID-19 is 37.5% 
(4,102 /10,952) higher compared to the same period 
of 2019 (34). Crude and age-standardized cumulative 
mortality rate of the Region are shown in Figure 2. 
Crude cumulative mortality rate of the capital region 
is shown in Table 2, data starting from the beginning 
of the epidemic 11th March 2020) (35). Crude and 
age-standardized weekly mortality rate are shown in 
Figure 3.

GREATER LONDON – The county of Great-
er London has 8,899,375 inhabitants and a popula-

Figure 3. Cumulative weekly mortality rate in the nine Regions (a) crude, and (b) age-standardized 
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tion density of 5,671 inhabitants /km2. Inner Lon-
don forms the central part of Greater London with 
12 boroughs and the City of London; it has 3 mil-
lion inhabitants (36) and a density of population of 
9,404 inhabitants/km2). Considering the population 
age distribution of the region (Table 1), only 7.9% of 
the whole population is older than 70 years (Figure 1). 
In the region there are 426 nursing homes (37), where 
803 confirmed death for COVID-19 occurred in the 
period 10th April – 16th May 2020 (representing the 
14% of the total COVID-19 death recorded in the re-
gion) (38). For the period 9th March- 16th May 2020, 
the excess mortality rate not attributed to COVID-19 
is 51,5% (5,919/11,494) higher compared to the mean 
value of the previous five years (39). Crude and age-
standardized cumulative mortality rate of the Region 
are shown in Figure 2. Crude cumulative mortality rate 
of the capital region is shown in Table 2, data starting 
from the beginning of the epidemic (8th March 2020) 
(40). Crude and age-standardized weekly mortality 
rate are shown in Figure 3.

STOCKHOLMS LÄN – Stockholms län has 
2.1 million inhabitants and a density of 325.17 inhab-
itants/km2. The capital region is Stockholm city with 
960 thousand inhabitants and a population density 
of 5,129.47 inhabitants /km2) (41). Considering the 
population age distribution of the region (Table 1), 
only 11.8% of the whole population is older than 70 
years (Figure 1). In the region there are 400 nursing 
homes (42), where 630 confirmed death for COV-
ID-19 occurred in the period 10th April – 16th May 
2020 (representing the 32% of the total COVID-19 
death recorded in the region) (42). For the period 9th 
March- 16th May 2020, the excess mortality rate not 
attributed to COVID-19 is 13.1% (298/2,275) higher 
compared to the same period of 2019 (43). Crude and 
age-standardized cumulative mortality rate of the Re-
gion are shown in Figure 2. Crude cumulative mortal-
ity rate of the capital region is shown in Table 2, data 
starting from the beginning of the epidemic (6th March 
2020). Crude and age-standardized weekly mortality 
rate are shown in Figure 3.

HOVEDTSNDEN (Copenhagen region) – 
Hovedtsnden has 1,846,023 inhabitants and a popu-

lation density of 718.57 inhabitants /km2. The capi-
tal region is Hillerød with 33,088 inhabitants and a 
population density of 155.34 inhabitants /km2) (44). 
Considering the population age distribution of the re-
gion (Table 1), only 12.4% of the whole population is 
older than 70 years (Figure 1). In the region there are 
229 nursing homes (45), data on confirmed deaths oc-
curred in nursing home is not available. For the period 
15th March- 26th May 2020, the excess mortality rate 
not attributed to COVID-19 is -1.9% (-206/10,741) 
higher compared to the same period of 2019 (43). 
Crude and age-standardized cumulative mortality rate 
of the Region are shown in Figure 2. Crude cumulative 
mortality rate of the capital region is shown in Table 2, 
data starting from the beginning of the epidemic (16th 
March 2020). Crude and age-standardized weekly 
mortality rate are shown in Figure 3.

LOMBARDY (Milan Region) – The Lombardy 
Region, with a population of 10,060,574 people and 
a population density of 422 inhabitants per km2. The 
capital region is the metropolitan area of Milan, which 
consists of the city of Milan and other 133 municipali-
ties, with a total of 3,250,315 inhabitants and a popu-
lation density of 2,063 inhabitants/km2 (46). Consid-
ering the population age distribution of the region 
(Table 1), 17% of the whole population is older than 
70 years (Figure 1). In the region there are 717 nurs-
ing homes (47), where approximately 50% of the total 
COVID-19 death recorded in the region has been oc-
curred (data not published). For the period 23rd Feb-
ruary- 2nd May 2020, the excess mortality rate not 
attributed to COVID-19 is 66.5% (27,334/41,083) 
higher compared to the same period of 2019 (48). 
Crude and age-standardized cumulative mortality rate 
of the Region are shown in Figure 2. Crude cumulative 
mortality rate of the capital region is shown in Table 
2, data starting from the beginning of the epidemic 
(23rd February 2020) (49). Crude and age-standardized 
weekly mortality rate are shown in Figure 3.

Figure 2 and 3 represent the epidemic spread in 
the nine metropolitan regions with the cumulative 
daily mortality rate, the standardized mortality rate, 
the crude weekly mortality rate and the weekly age-
standardized mortality rate. We decided to conclude 
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the analytic comparison after 10 weeks (day 70) from 
the onset of the outbreak (Table 2).

Since the first reports of the COVID-19 pandem-
ic, in China (50), data showed a higher hospitalization 
rate among elderly (older than 65 years) (51), and a 
sever clinical manifestation among patients with co-
morbidities (52). According to TESSy data, deaths are 
approximately 40% among people aged 65-79 years, 
and approximately 50% among people older than 80 
years (52). As emerges from this data, COVID-19 se-
rious clinical cases impacted the most on elder popula-
tions. 

Figure 1 shows how Lombardy is the region with 
the highest proportion of elder populations, with a 
proportion of over 70-year-olds 70% higher when 
compared with the other Regions studied (17% vs. 
10%). Considering this important difference in pop-
ulation distribution, the age-standardized mortality 
rates were calculated. Although Lombardy was the 
first European region to be affected by the epidemic 
(53), the cumulative age-standardized mortality rates 
of Lombardy are in the average and lower than the 
community of Madrid, Catalonia, Brussels-Capital, 
and New York State. For the latter, the estimated cu-
mulative age-standardized mortality is approximately 
double compared to Lombardy (Figure 2 b).

Considering that high-risk subjects are frequently 
guests of nursing homes, and also accounting for the 
numerous outbreaks reported in these settings across 
European countries (42), we report on COVID-19 
burden in our study settings. The proportion of COV-
ID-19 deaths recorded in the nursing homes is, accord-
ing to available data, between 14% and 73% of total 
COVID-19 deaths, in almost all the regions analyzed, 
but in the two Spanish regions the proportion exceed-
ed 60% (54). However, it is necessary to take into ac-
count that different diagnostic test strategies, as well as 
different definitions of COVID-19 deaths, have been 
adopted in the various countries, potentially reducing 
the identification of cases. Moreover, especially at the 
beginning of the epidemic, there was a global short-
age of reagents – useful for carrying out the molecular 
test – as well as health personnel (both in laboratory 
and for clinical assistance) (55). These factors must be 
taken into account in the interpretation of the total 
and not attributed to COVID-19 excesses mortality 

rates, which however are almost homogeneous in the 9 
Regions except one (New York).

Although the Lombardy case was the first to be 
described by the media, it is of great scientific interest 
as well (56), since even the alleged excess of deaths 
compared to the other regions (57), this is not con-
firmed by our results. Given that the crude mortality 
rate (number of deaths for COVID-19 / reference 
population per unit of time) is largely affected by the 
age distribution of the population; and considering that 
COVID-19 has a greater disease burden among the 
elderly, it is appropriate to estimate age-standardized 
mortality. The standardized age mortality rate allows 
to increase the level of comparability and expresses the 
mortality rate that the population would have if the 
age distribution would be the same as the reference 
population (standard).

Possible bias

The nine areas analyzed have similar economic 
characteristics, healthcare standards and COVID-19 
surveillance data collection procedures, which allowed 
us to make a reliable data comparison. The choice of 
these areas followed administrative borders and the 
availability of the disaggregated mortality data. 

Our analysis considered daily COVID-19 mor-
tality rates derived by national surveillance statistics, 
which are more reliable than infection notifications 
(laboratory confirmed cases). Indeed, notified cases 
data are largely lower as compared to true disease 
and infection burden, and highly variable depending 
on different testing strategies and criteria adopted in 
different regions (58, 59), although it cannot be ruled 
out that a portion of the deaths caused by COVID-19 
went undiagnosed. In Table 2 we reported the defi-
nition of COVID-19 death adopted in each consid-
ered region. It should be noted that in surveillance 
systems in Ile de France and Greater London region 
only deaths occurred in hospital settings have been in-
cluded. This could explain, at least partially, the lower 
value of the recorded mortality rate in these regions. 
However, we believe that this possible bias does not 
affect much our comparative estimates. Actually, mor-
tality is more reliable than other types of data. Finally, 
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we explored excess mortality rates, because this meas-
ure allows to also estimate the indirect impact of the 
COVID-19 epidemic. Excess mortality also takes into 
account deaths potentially occurring due to lack of ac-
cess to treatment, due to indirect effect of lockdown 
measures, of other non-COVID patients.

Conclusions

We analyzed the COVID-19 epidemic trend in 
nine regions and areas comparable from an economic, 
social, and healthcare perspective, using reliable indi-
cators, such as the cause of death. In all considered are-
as the epidemic curve began to decrease around the 4th 
and 5th week, slowing down at 10 weeks since epidem-
inc onset, with a mortality peak during the 4th week 
in all study settings but in Lombardy, Stockholms län 
and Bruxelles-Capital during the 5th week. However, 
in all cases the curves showed the classic model of 
logistic growth (60). This postponement of the peak 
of deaths could be attributed to the different type of 
adopted response approach. For instance, in Lombardy 
COVID-19 clinical management was more hospital-
based, and then had a mixed approach (hospital and 
home) (61). This may have influenced the total number 
of confirmed deaths, as all hospitalized patients were 
tested for COVID-19. Of note that this region is the 
one with the highest number of elder populations. The 
age distribution in the 9 regions shows significant dif-
ferences and, in this context, it appears particularly im-
portant, being the mortality rate for COVID-19 high-
ly variable at different ages (about 100 times higher in 
the ≥80 group compared to the group <60 years). This 
aspect deserves further investigation to assess whether 
age itself is a risk factor, independently from the pres-
ence of comorbidities, as suggested in some studies 
(62). Having said that, it seems more logical to con-
sider age-standardized mortality, because it reduces 
differences among regions, with the only exception of 
New York State (excess mortality), Hovedstaden (Co-
penhagen) and, in part, of Il-de-France (apparently 
lower mortality). The latter could find explanation, at 
least partially, in the different testing strategies of test-
ing and definitions adopted by surveillance systems, 
including definition of COVID-19 death. However, 

these aspects cannot completely explain all the differ-
ences, also taking into consideration different epidem-
ic dynamics and clinical evolution.

Lombardy remained the only region in which the 
capital-region (Milan) was not significantly affected 
by the epidemic wave, the city having mortality rates 
lower than the rest of the region. We have already ex-
panded on potential explanation of this phenomenon 
(4). However, it should be noted that COVID-19 mor-
tality rate in Lombardy, which was one of the lowest at 
30 days since outbreak onset, grew more than in other 
regions starting form 5th week onwards, with a slower 
drop compared to other areas. A similar trend was re-
corded in Stockholms län. New York (both the entire 
State and the metropolitan area) largely exceed all the 
other considered regions in terms of COVID-19 mor-
tality. This area is characterized by a younger popula-
tion, a greater metropolitan population density, pres-
ence of many neighborhoods with foreign populations, 
a medium-low economic level, and a private health 
system. These elements might have played a role in ex-
cess mortality from COVID-19.

However, these data deserve further investigation, 
considering the different management approaches of 
phase 1 of the epidemic (mainly hospital with contain-
ment measures) compared to phase 2 (when efficient 
action at the community level is highly required and 
when nursing homes outbreaks could have played a 
significant role, particularly among the elderly and 
fragile patients).

In conclusion, it can be said that the impact of 
the COVID-19 epidemic has been significant in terms 
of mortality in at least 7 of the 9 metropolitan areas 
considered. Furthermore, COVID-19 mortality trends 
were relatively homogeneous even slightly shifted in 
time (onset of the epidemics). In addition, the Lom-
bardy region reported the highest crude COVID-19 
mortality (especially in the second phase of the epi-
demic) although then similar to the other European 
regions after standardization by age, having Lombardy 
elder populations with consequently  high prevalence 
of chronic conditions. Future research on overall mor-
tality over a longer period of time will allow to better 
assess the overall impact of the COVID-19 epidemic 
on population health. At the same time, the harvesting 
effect that anticipated death in patients with chronic 



C. Signorelli, A. Odone, V. Gianfredi, et al.16

diseases, the possible excess of non-COVID-19 mor-
tality during the epidemic peak due to non-use of 
health services, and the reasons behind lower reported 
mortality in some geographical areas need to be fur-
ther investigated. Having reliable data to inform and 
support future outbreak response strategies will not 
only help reducing mortality but will also support pub-
lic health action at the population level (63).
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