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Summary. Italy was the first European country hit by the
COVID-19 pandemic. As of March 3, 2021, the Italian na-
tional surveillance system had registered 2,953,120 cases
and 96,977 deaths, with gender differences both in terms of
cases and deaths. Therefore, the aim of this observational
ecological study is to analyze gender differences during the
first year of COVID-19 pandemic in Italy in terms of crude
mortality rate (CMR) and case fatality rate (CFR).

We collected data from the official database of the Italian
National Institute of Health (Istituto Superiore di Sanita - 1SS).
We considered the two waves of the pandemic, using the
date between the two peaks that had the trough (lowest
number of deaths) for a 7-day average to separate the two
periods). Then, we calculated the CMR and CFR by age group
for males and females, considering three periods: overall,
first wave and second wave.

Our study shows that male gender reported both higher
CMR and CFR than female, and this data is confirmed for all
the age group. Although many demographic, socioeconom-
ic, hormonal, genetic, and epigenetic factors may explain
these differences, further studies are required in order to
understand the pathophysiological mechanisms underlying
gender differences in CMR and CFR due to COVID-19.

Keywords. Crude mortality rate, case fatality rate, COVID-19,
gender differences, pandemic.

Differenze di genere nei tassi di mortalita dovute alla
pandemia di COVID-19 in Italia

Riassunto. L'ltalia e stata il primo paese europeo colpito
dalla pandemia di COVID-19. Al 3 marzo 2021, il Sistema
nazionale di sorveglianza registrava 2.953.120 casi e 96.977
decessi, con differenze di genere per entrambi. Pertanto, lo
scopo di questo studio ecologico osservazionale & quello di
analizzare le differenze di genere durante il primo anno di
pandemia di COVID-19 in Italia in termini di crude mortality
rate (CMR) e di case fatality rate (CFR).

Una volta raccolti i dati dal database ufficiale dell’Istituto Su-
periore di Sanita (ISS), abbiamo considerato le due ondate
della pandemia, utilizzando — per separare i due periodi - la
data traidue picchi che aveva avuto il minor numero di mor-
ti per una media di 7 giorni. Quindi, abbiamo calcolato il CMR
e il CFR per gruppo di eta per maschi e femmine, consideran-
do tre periodi: totale, prima ondata e seconda ondata.

Il nostro studio dimostra che gli uomini presentano valori di
CMR e di CFR piu elevati rispetto alle donne e che tali dati
sono confermatiin tutte le fasce di eta. Diversi fattori demo-

grafici, socioeconomici, ormonali, genetici ed epigenetici
potrebbero essere responsabili di queste differenze. Sono
dunque necessari ulteriori studi per comprendere i mecca-
nismi fisiopatologici alla base delle differenze di genere nei
CMR e CFR dovute al COVID-19.

Parole chiave. Tasso di mortalita, tasso di letalita, COVID-19,
differenze di genere, pandemia.

Introduction

Italy was the first European Country hit by the COVID-19
pandemic and, as of March 3, 2021, the Italian national
surveillance system had registered 2,953,120 cases and
96,977 deaths.! One year later, it is possible to evaluate
the evolution of the pandemic and its impact in terms
of cases and deaths in Italy. In particular, attack rate, crude
mortality rate (CMR) and case fatality rate (CFR) allow
to understand the trend of the pandemic,>* despite some
limits related to these indicators, such as the dependence
on case and death definitions, the modalities of - and
delays in - data collection and the capacity of the health-
care systems to identify positive cases.®” In particular,
especially during the first wave of the pandemic, the CFR
could be overestimated, due both to the impossibility of
detecting all positive cases (limited diagnostic capability,
especially for people with mild symptoms or asymptom-
atic)®® and the definition of case: indeed, cases can be
defined either as the total cases (every confirmed case)
or as closed cases (only those who have recovered or
died).’” On the other hand, the CFR could be underesti-
mated, due to time-lag bias associated with diagnosing
and reporting cases.” Despite all these limitations, the
CFR calculated per total cases still appears to be a good
tool to express the fatality of the disease.” In particular,
we considered the CFR defined by the World Health Or-
ganization, as well as the Italian National Institute of
Health (Istituto Superiore di Sanita - 1SS)' as the propor-
tion of individuals diagnosed with a disease who die
from that disease, in order to differentiate this indicator
from the infection fatality ratio (IFR)."

Moreover, specific variables - such as age, gender and
the presence of comorbidities - should be always con-
sidered as factors that could affect case and death distri-
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bution.® In particular, Italy is a Country of about 60
million people, with one of the highest life expectancy
in the world (85.2 years for women and 80.8 for men),
despite significant differences between Regions.!?

The aim of this study, therefore, is to evaluate the
evolution of the COVID-19 pandemic in Italy, highlight-
ing gender differences during the year of the pandemic
in terms of attack rate, CMR and CFR.

Data and methods

In this observational ecological study, we compared the
cumulative number of positive cases due to COVID-19,
the CMR and the CFR in women and men in Italy during
the first year of pandemic. In order to calculate the CMR
and CFR, we collected the number of cases and deaths
from the official database of the ISS." Rates were calcu-
lated with reference to the national population by age
and gender, as estimated as of January 1, 2020. The CMR
was calculated as the total number of deaths from CO-
VID-19 against the total Italian population (x100,000),
while the CFR as the percentage of COVID-19 deaths
against the total number of confirmed positive cases.
Rates were calculated for gender and specific age groups
(0-9, 10-19, 20-29, 30-39, 40-49, 50-59, 60-69, 70-79,
80-89, >90). We obtained the age and gender distribution
from the Italian National Institute of Statistics (ISTAT).!?
In order to compare the CMR between the two waves of
pandemic, we used the date between the two peaks that
had the trough (lowest number of deaths) for a 7-day
average to separate the two periods: in this way, we con-
sidered the end of the first wave on August 18,'* due to
the availability of data from the ISS. As for the CFR, due
to the possible over/underestimation,®*® we only report-
ed the trend from the beginning of the pandemic to
March 2021. In particular, we considered for each month
the last monthly report provided by ISS (dates between
the 25" and the 30" day of the month).

Results

Out of a total of 2,953,120 cumulative positive cases in
Italy, 49.9% are women, with an overall median age of
44 years.! In particular, considering the specific age
groups, the main differences are observed in the 80-89
and >90 age groups, where the female gender accounts
for 59.3% and 76.8% of cases, respectively. This figure
can be explained by the longer life expectancy of wom-
en, which therefore determines the presence of a great-
er number of female individuals in the Italian popula-
tion in these age groups (in the 80-89 group, about 60%
are women, while in the >90 group this percentage is
over 75%)."3 Considering instead the youngest popula-

tion, up to the age of 30, men present a greater preva-
lence (51.9%, 52.1% and 50.4% in the 0-9, 10-19 and
20-29 age groups, respectively).

The median age of death from SARS-CoV-2 infection
is 83, with 43.9% of women. In addition, women dying
from COVID-19 are older than men (median age, 86 vs
80). Although the median age of COVID-19 cases
changed during the pandemic (62 years in the first
months, 33 in August 2020 and 46 in March 2021), the
median age at death, however, did not change, thus con-
firming the highest number of deaths (and therefore the
highest CFR) of SARS-CoV-2 in the elderly.

In this context, it is possible to calculate the CMR
and CFR of COVID-19 by gender and age. In particular,
the overall CMR and CFR in Italy are, both in the first'
and second wave,'® among the highest in Europe and,
at the beginning of March 2021, they are 160.7/100,000
and 3.3%, respectively.'

The CMR varied greatly during the pandemic. In par-
ticular, during the first wave the overall CMR reached a
value of 59.4/100,000, while in the second wave (begin-
ning of March 2021) this value is almost double, being
equal to 101.3/100,000.

However, significant differences are evident when
considering gender and age groups. In particular, the
overall CMR is much higher in males than in females
(185.2/100,000 vs 137.4/100,000). Considering the dif-
ferent age classes, between 0 and 29 years of age there
are no differences between genders, with values lower
than 0.9/100,000. From age 30 onwards, however, the
differences between genders are evident, and tend to in-
crease with age. The male gender always presents a high-
er CMR, with peaks of 1,566.6/100,000 (almost double
the value of 852.8/100,000 of the female gender) be-
tween the age of 80 and 89, and values of 3,199.8/100,000
for people >90 (compared to 2,318.3/100,000 in females).
However, even considering the youngest groups (30-79),
important differences are evident (Table 1). We observed
these age differences in CMR among male and females
also comparing the two waves: during both the first and
the second period, the CMR was higher in the male gen-
der in all age groups (Table 2). Moreover, comparing the
two waves, there is a huge increase in CMR in both gen-
ders, especially among the elderly. Indeed, while the CMR
increased by less than 1/100,000 in the age groups 0-9,
10-19, 20-29, 30-39, and less than 10/100,000 in the age
groups 40-49 and 50-59, considering the >60 group
there is an important difference between the first and
the second wave: in males the CMR increased from
77.6/100,000 to 115.3/100,000 (age group 60-69),
from 236.8/100,000 to 352.1/100,000 (70-79), from
575.1/100,000 to 991.5/100,000 (80-89) and from
991.3/100,000 to 2208.5/100,000 (>90). We observed
the same trend in females, albeit with lower values:
from 22.6/100,000 to 39.8/100,000 (60-69), from
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Table 1. Overall crude mortality rate (x100,000) in Italy by gender and age groups as of March 2021

Age group Male Female
0-9 0.2 0.2
10-19 0.2 0.2
20-29 0.9 0.7
30-39 3.2 1.0
40-49 12.3 53
50-59 50.3 17.5
60-69 192.9 62.5
70-79 589.0 230.7
80-89 1566.6 852.8
>90 3199.8 2318.3
Total 185.2 1374

Overall Male/Female (x100)
0.2 63.0
0.2 112.3
0.8 132.9
2.6 159.4
8.8 232.0

33.6 287.7
124.9 308.8
394.5 255.3
1133.0 183.7
2556.5 138,.0
160.7 134.8

Table 2. Variation of crude mortality rate (x100,000) in Italy by gender and age groups during the first wave, the second wave

and overall
Age group First wave

Male Female Male
0-9 0.0 0.1 0.1
10-19 0.0 0.0 0.2
20-29 0.4 0.1 0.6
30-39 1.2 0.7 1.9
40-49 49 19 7.4
50-59 20.6 6.3 29.8
60-69 77.6 226 115.3
70-79 236.8 88.9 352.1
80-89 575.1 308.3 991.5
>90 991.3 798.5 2208.5
Total 69.8 49.5 115.4

88.9/100,000 to 141.7/100,000 (70-79), from 308.3/100,000

to 544.4/100,000 (80-89) and from 798.5/100,000 to
1519.8/100,000 (>90) (Figure 1).

Considering the CFR, Italy initially presented high
values, equal to 10.6% in March 2020 and 14.5% at the
end of June (the highest value during the pandemic).
Considering gender differences, as of March 2021, a
higher CFR is observed in men than in women (3.8%
vs 2.8%). Furthermore, the CFR is higher in men in all
age groups, and the difference is particularly evident in
the 70-79 (12.7% vs 6.3%), 80-89 (26.5% vs 15.3%),
and >90 (38.6% vs 22.9%) age groups. The same figure
was observed considering the trend from the beginning
of the pandemic up to March 2021 (Figure 2).

Second wave Overall
Female Male Female
0.1 0.2 0.2
0.2 0.2 0.2
0.6 0.9 0.7
1.3 3.2 2.0
34 12.3 5.3
11.2 50.3 17.5
39.8 1929 62.5
141.7 589.0 230.7
5444 1566.6 852.8
1519.8 3199.8 2318.3
87.9 185.2 137.4
Discussion

In this study we analyzed the gender differences in terms
of COVID-19 CMR and CFR in Italy, comparing the two
waves of the pandemic. Despite their limits, these indica-
tors allow to evaluate the trend of the pandemic one year
after its start.” In particular, the male gender reported
both higher CMR and CFR than the female one, and this
figure is confirmed considering all age groups. These
data confirm what has been shown in previous corona-
virus outbreaks (SARS and MERS), where an increased
susceptibility and mortality was observed in men.'"'8
Furthermore, considering COVID-19, it has been ob-
served in many other Countries that males present high-
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Figure 1. Crude mortality rate (x100,000) in Italy by gender and age groups during the first (A) and second (B) wave.
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Figure 2. Case fatality rate (x100) in Italy by gender and during the period March 2020-February 2021.

er CMR and CFR than women, "> and that biological
sex and the sociocultural aspects of gender may explain
these differences in terms of CMR and CFR.? In particu-
lar, although the prevalence of COVID-19 is lower in men
than in women, CMR and CFR are higher among men,
and many factors - such as demographic, socioeconom-
ic, hormonal, genetic, epigenetic — may affect immune
response.”> Moreover, while analyzing CMR and CFR, the
presence of comorbidities should be considered.?* In
Italy, in a sample of 6,713 deaths, 98.0% and 96.2% of
the deaths in women and men, respectively, had at least
one comorbidity (70.1% of women and 64.2% of men
had 3 or more comorbidities).?* Specifically, a total of
66.7% of patients had hypertension, while other frequent
conditions were type 2 diabetes and ischemic heart dis-
ease (29.3% and 27.9%, respectively).

Key messages

B Crude mortality rate (CMR) and case fatality rate (CFR)

are two important indicators that allow to understand
the trend of the COVID-19 pandemic.

Age, gender and the presence of comorbidities should
be always considered as factors that could affect case
and death distribution.

In Italy the male gender reported both higher CMRand
CFR than the female one, and this figure is confirmed
considering all age groups during both the waves.

It is important to understand the pathophysiological
mechanisms underlying gender differences in CMR
and CFR in order to implement policies that protect
the most vulnerable people.
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However, further researches are required to under-

stand the pathophysiological mechanisms underlying
gender differences in CMR and CFR due to COVID-19,
in order to provide the best possible access to healthcare
and treatments, and to implement health policies that
protect the most vulnerable groups of the population.

References

10.

11

12.

13.

14.

. Istituto Superiore di Sanita. Epidemia COVID-19. Aggior-

namento nazionale del 3 marzo 2021 [Internet]. 2021.
Available from: https://www.epicentro.iss.it/coronavirus/
bollettino/Bollettino-sorveglianza-integrata-COVID-19_3-
marzo-2021.pdf.

. Odone A, Delmonte D, Scognamiglio T, Signorelli C. Cor-

respondence COVID-19 deaths in Lombardy, Italy: data in
context. Lancet Public Health. 2020;5(6):e310.

. Flacco ME, Martellucci A, Bravi E et al. Severe acute respira-

tory syndrome coronavirus 2 lethality did not change over
time in two Italian provinces. Open Forum Infect Dis.
2020;7(12):0faa5561.

. Souris Marc GJ. COVID-19: spatial analysis of hospital case-

fatality rate in France. PLoS One. 2020;15(12):e0243606.

. Onder G, Rezza G, Brusaferro S. Case-fatality rate and char-

acteristics of patients dying in relation to COVID-19 in
Italy. JAMA. 2020;323(18):1775-6.

. Karanikolos M, McKee M. How comparable is COVID-19

mortality across Countries? Eurohealth. 2020;26(2):45-50.

. Wilson N, Kvalsvig A, Barnard LT, Baker MG. Case-fatality

risk estimates for COVID-19 calculated by using a lag time
for fatality. Emerg Infect Dis. 2020;26(6):1339-41.

. Buonanno P, Galletta S, Puca M. Estimating the severity of

COVID-19: evidence from the Italian epicenter. PLoS One.
2020;15(10):e0239569.

. Spychalski P, Blazynska-Spychalska A, Kobiela J. Estimat-

ing case fatality rates of COVID-19. Lancet Infect Dis.
2020;20(7):774-5.

Istituto Superiore di Sanita. Epidemia COVID-19. Aggior-
namento nazionale del 16 dicembre 2020 [Internet]. 2020.
Available from: https://www.epicentro.iss.it/coronavirus/
bollettino/Bollettino-sorveglianza-integrata-COVID-19_16-
dicembre-2020.pdf.

. World Health Organization. Estimating mortality from

COVID-19; scientific brief, 4 August 2020 [Internet]. 2020.
Available from: https://www.who.int/publications/i/item/
WHO-2019-nCoV-Sci-Brief-Mortality-2020.1.

Rapporto Osservasalute 2019. Stato di salute e qualita
dellassistenza nelle regioni italiane [Internet|. 2019.Available
from: https://www.sicp.it/wp-content/uploads/2020/03/
Rapporto_Osservasalute-2019_giugno-2020_cprd.pdf.
Istituto Nazionale di Statistica (ISTAT). Indicatori demo-
grafici. Popolazione e famiglie [Internet]. 2020. Available
from: https://www.istat.it/it/popolazione-e-famiglie?dati.
Toannidis JPA, Axfors C, Contopoulos-Toannidis DG. Sec-
ond versus first wave of COVID-19 deaths: shifts in age
distribution and in nursing home fatalities. Environ Res.
2021;195:110856.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Villani L, McKee M, Cascini E Ricciardi W, Boccia S. Com-
parison of deaths rates for COVID-19 across Europe during
the first wave of the COVID-19 pandemic. Front Public
Health [Internet]. 2020;8:620416. Available from: https://
www.frontiersin.org/article/10.3389/fpubh.2020.620416
University JH. Coronavirus Resource Center. Mortality anal-
isyes [Internet]. 2021. Available from: https://coronavirus.
jhu.edu/data/mortality

Channappanavar R, Fett C, Mack M, Ten Eyck PP, Meyerholz
DK, Perlman S. Sex-based differences in susceptibility to
severe acute respiratory syndrome coronavirus infection. J
Immunol. 2017;198(10):4046-53.

Matsuyama R, Nishiura H, Kutsuna S, Hayakawa K, Ohm-
agari N. Clinical determinants of the severity of Middle East
respiratory syndrome (MERS): a systematic review and
meta-analysis. BMC Public Health. 2016;16(1):1-10.
Pérez-Lopez FR, Tajada M, Savirén-Cornudella R, Sdnchez-
Prieto M, Chedraui P, Terdn E. Coronavirus disease 2019
and gender-related mortality in European countries: a
meta-analysis. Maturitas. 2020;141:59-62.

Jin JM, Bai P, He W Wu E Liu XE Han DM, Liu S, Yang JK.
Gender differences in patients with COVID-19: focus on
severity and mortality. Front Public Health. 2020;8:152.
Ambrosino I, Barbagelata E, Ortona E, Ruggieri A, Massiah
G, Giannico OV, Politi C, Moretti AM. Gender differences
in patients with COVID-19: a narrative review. Monaldi
Arch Chest Dis. 2020;90(2):318-24.

Rozenberg S, Vandromme J, Charlotte M. Are we equal in
adversity? Does Covid-19 affect women and men differ-
ently? Maturitas. 2020;138:62-8.

Wang B, Li R, Lu Z, Huang Y. Does comorbidity increase
the risk of patients with COVID-19: evidence from meta-
analysis. Aging (Albany NY). 2020;12(7):6049-57.
Istituto Superiore di Sanita. Caratteristiche dei pazienti de-
ceduti positivi all'infezione da SARS-CoV-2 in Italia [Inter-
net]. 2020. Available from: https://www.epicentro.iss.it/
coronavirus/bollettino/Report-COVID-2019_2_dicembre.pdf.

Funding: no funding was received for this study.

Authors’ contribution statement: all Authors contributed to the
study conception and design. LV, FDA and FC contributed to data
collection and analysis. LV, FDA, FC, TS and AS participated in
conceiving the content and contributed to writing the manuscript.
AS supervised the work. All Authors have reviewed, read and
approved the final version of the manuscript.

Confilict of interest: all Authors confirm that they have no competing
interests.

Correspondence to:

Francesco Castrini

Section of Hygiene

University Department of Life Sciences and Public Health
Universita Cattolica del Sacro Cuore

Largo Francesco Vito 1

00168 Rome, Italy

email: fr.castrini@gmail.com

127



