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Odense, Denmark countries. We zoom into Italian regions to account for the spatial gradient of the spread

of the virus. Analyses of excess death by sex during the COVID-19 pandemic have

been possible thanks to weekly mortality data released by national statistical offices,
mainly in developed countries. The general finding is that males up to 75 years old
have been suffering more excess death compared to females. However, the picture is
less clear-cut at older ages. During previous epidemics, such as SARS, Swine Flu, and
MERS, studies are limited and produce scattered, non-conclusive evidence. Knowledge
of the sex-pattern of susceptibility to mortality from virulent respiratory diseases and
its interplay with age could improve crisis management during future epidemics and
pandemics. National statistical offices should provide weekly mortality data with spatial
granularity, disaggregated by sex and age groups, to allow for such analyses.
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Commentary

Studies of mortality during the COVID-19 pandemic found geographical gradients, age
gradients, and sex-differences in excess mortality, i.e., mortality above the level expected
in normal conditions. Excess death has been widely used as a comprehensive measure to
quantify the total impact of the COVID-19 pandemic. The concept of excess mortality
captures deaths caused both directly by the virus and indirectly because of the pressure
on health care systems and the effects of policy interventions. Excess mortality is more
likely to be a valid proxy for a particular cause of death if the shock in the given cause is
high enough to push all-cause mortality above its usual range. A shock to a cause must
be large in order to associate excess with the cause, and that is why in this paper we
focused on the first wave of the COVID-19 pandemic in Italian regions.
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The estimation of excess death relies on all-cause mortality data; therefore, it over-
comes the limitation of causes of death registrations. Excess death is indeed the dif-
ference of the total number of deaths observed and those expected if the health shock
had not occurred. Over the course of the COVID-19 pandemic, excess death estimates
have been generally stratified by demographic characteristics, such as age, sex, and geo-
graphical areas. While the highest excess mortality was generally found at older ages
compared to the younger ones, results have been less consistent when it has come to
excess mortality by sex. The prevailing view is that, although number of male and female
cases are similar, men suffer from higher risk of death compared to women. This sex
differential varies markedly by age (Bhopal & Bhopal, 2020). For instance, in Sweden,
men suffered greater excess mortality than women in ages up to 75 years, but at older
ages, excess mortality was similar for men and women (Modig et al., 2021). In England
and Wales, males had larger excess mortality rates compared to females across all age
groups, but when excluding the direct COVID-19 deaths, females had higher excess
mortality in the 85+ age group (Kontopantelis et al., 2021). In Italy, analyses of excess
mortality during the first wave show a situation where, in general, men suffered slightly
higher excess mortality than women. Men reached their mortality peak in March 2020,
while women suffered more in the following 2 months (Caselli et al., 2021). However,
the picture is more nuanced. In the Northern regions of Italy, i.e., those worst hit by the
virus, reductions in life expectancy and years of life lost were higher for men than for
women (Ghislandi et al., 2020), but excess mortality was sizably higher for men than for
women only until age 75, after which excess mortality was similar for both sexes (Giber-
toni et al,, 2021). At the national level, the pandemic appears to have had only a slightly
higher impact in men compared to women (Caselli et al., 2021; Scortichini et al., 2020).
The peak of the excess death toll was in March 2020 (Gianicolo et al., 2021), specifically,
during the weeks of March 18th for men and March 25th for women (Blangiardo et al.,
2020). Furthermore, when distinguishing total excess mortality from excess mortality
directly related to COVID-19, only the latter was higher in males than in females, more
so in the North than the South, while the total excess mortality was the same for both
sexes (Michelozzi et al., 2020). This raises the important question of whether there is a
bigger indirect impact on mortality for women than for men. Sudden emergent diseases
can often lead to large breakdowns in public health systems, which directly and indi-
rectly affects marginalized and vulnerable sub-populations, including women (Hanson-
DeFusco, 2020).

The not-very-pronounced sex difference in excess mortality during the first wave of
COVID-19 in Italy was also confirmed by our application of the method for counterfac-
tual short-term mortality forecasts after mortality shocks (Rizzi & Vaupel, 2021). Using
data of monthly all-cause deaths stratified by sex, age group, and Italian region from
2014 through 2020 retrieved from ISTAT (Istat, 2021), we forecasted the expected num-
ber of deaths spanning from the beginning of March 2020 through the end of June 2020.
The forecast is based on the ratios of the death counts between two parts of an epide-
miological year (epiyear). An epiyear starts July 1st and ends June 30th of the following
calendar year. Epiyears are used in seasonal mortality analyses because they contain one
mortality peak concentrated during the winter months. In our application, each epiyear,
analyzed from 2014 through 2020, is divided in two parts: an earlier part that spans from
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Table 1 Deaths (observed, expected, excess) and excess death risk by sex and 5 age group for Italy
at the national level from March 1st 2020 through 30th June 2020

Sex Age group Observed Expected deaths Excess deaths Excess Prediction interval

deaths death risk
(%)

Female 0-59 5882 5401 481 89 (5.2-12.3%)
60-69 7764 6602 1162 17.6 (13.7-22.3%)
70-79 20,058 15,984 4074 255 (21.8-30.0%)
80-89 52,771 40,565 12,206 30.1 (24.0-34.1%)
90+ 46,773 36,544 10,229 280 (20.9-33.6%)

Male  0-59 10,284 9312 972 104 (7.2-13.4%)
60-69 14,580 11,201 3379 30.2 (26.7-33.3%)
70-79 31,725 23,567 8158 346 (32.1-37.1%)
80-89 49,501 37,632 11,869 315 (27.7-35.4%)
90+ 20,545 16,396 4149 253 (21.0-30.3%)
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Fig. 1 Excess death risk by sex and 20 Italian regions for the age groups 60-69 and 70+ (a) and ratio
between women's and men’s excess death risk (b). Regions are ordered according to the total value of excess
over expected deaths observed for the age group 70+. Geographical area South includes Islands

July through February and a later part from March through the end of June, correspond-
ing to period of the first COVID-19 wave. Ratios of deaths in the second part of an epi-
year to deaths in the first part of an epiyear are fairly constant over time and proved to
be stationary. Therefore, by multiplying the average value of these ratios by the deaths
of the first part of epiyear 2019-2020, we forecasted the expected number of deaths if
the first COVID-19 wave had not occurred. By subtracting the expected deaths from
those observed, we estimated excess deaths. Our estimates’ uncertainty was derived via
a bootstrapping procedure to account for the difference between the unknown later/
earlier ratio in epiyear 2019-2020 in the absence of COVID-19 and its average value of
the previous 5 years used for the counterfactual shortcast. The statistical analysis was
performed with R version 4.0.2 (R Core Team, 2020); data and code for full reproduc-
ibility can be found on GitHub [will be made available after peer-review]. We present
our results (Table 1; Fig. 1, panel a) in terms of excess death risk, i.e., the ratio between
excess death estimates and expected deaths, to allow for comparison across regions
with different population sizes and structures. At the national level, we found the excess
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death risk to be 25.0% both for men and women, mostly over age 70. Men generally had
more excess deaths compared to women, but the only statistically significant difference
between the two sexes occurred for the age categories 60—-69 and 70-79 (Table 1). Fur-
thermore, we found major differences at the regional level (age group 60+), spanning
from 100.6% and 97.2% in Lombardia to 5.2% and 7.4% in Campania for men aged 60-69
and 70+, respectively, and from 50.8% and 86.5% in Lombardia to 6.6% and less than
1.4% in Campania for women aged 60-69 and 70+, respectively (Fig. 1, panel a). The
figure shows the clear North—South mortality gradient that characterized the first wave
of the pandemic in Italy, with Lombardia being the only one where there was a statisti-
cally significant difference between the excess mortality of men and women aged 60—69.
Furthermore, results are presented as ratio between women’s and men’s excess death risk
(Fig. 1, panel b). At the national level, we found a ratio of 0.6 for the age category 60—69.
The excess death risk was significantly higher for men in Lombardia, Piemonte, Emilia-
Romagna and Toscana. For the age category 70+ the ratio, at the national level, is close
to 1 (0.9) and there were no regions with values statistically different from 1. Overall,
panel b in Fig. 1 is characterized by high variability, especially for those regions experi-
encing fewer deaths in the first wave of the pandemic.

What do we know about sex-differences in excess mortality during other epidemics of
viral respiratory infectious diseases?

A study of 27 European populations for the years 2016 through 2020 found that in
winter periods, with increased excess mortality driven mainly by influenza, excess death
was consistently highest among males, with an overall female/male mortality inci-
dence ratio of 0.7 (Nielsen et al., 2021). The study also found a general linear association
between increasing excess mortality and sex-differential excess mortality, most strik-
ing for the ages between 15 and 64. Sex differences in hormones, immune responses,
behavior, and the broad gendered-based panorama of social determinants of health are
likely to play a major role in differences in excess mortality outcomes (Mauvais-Jarvis
et al., 2020; Takahashi et al., 2020). In addition, gender differences in excess death could
also be driven by the “dry tinder” effect, where the frailer individuals are particularly
susceptible to sudden shocks. Higher male excess mortality has been reported in some
cases where infectious diseases caused elevated excess mortality (Alghamdi et al., 2014;
El Bcheraoui et al., 2018). However, while sex-differences in general mortality have been
investigated, there are a limited number of studies that have analyzed male—female dif-
ference in excess death during influenza epidemics and the last three major pandemics
from respiratory viruses in the pre-COVID era: SARS, Swine Flu, and MERS. The results
produced scattered, non-conclusive evidence of little or no sex-differences in excess
mortality (Jin et al., 2020; Liu et al., 2017; Rajatonirina et al., 2013; Takahashi & Nagai,
2008). In the case of SARS-Cov, which was discovered in China at the end of 2002 and
rapidly spread to Hong Kong and other Asian countries (Chan-Yeung & Xu, 2003), the
case-fatality rate was higher among men younger than 75 compared to women (Karlberg
et al., 2004). One limitation of excess mortality analysis during epidemics and pandemics
is that the health shock must be substantial to link the estimated excess with the cause.
When this is not the case, e.g., fatality rate is high but effect on excess mortality is neg-
ligible, sex-differences in mortality are better captured by studying the cause of death
directly, assuming that misreporting is equal among sexes.
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Conclusions

We have analyzed sex-differences in excess death risk during the first wave of the
COVID-19 pandemic in Italy and placed it into the international context. Gender dif-
ferences in excess risk of death existed, but with a nuanced and non-consistent picture.
Even though the results pertain to Italy and cannot be generalized, we brought together
the existing knowledge on sex-differences in excess death during the COVID-19 pan-
demic and other epidemics of viral respiratory infectious diseases, from which, we
believe, we can draw important lessons for the future. First, we saw that there is a lack of
studies on sex-differences in excess mortality from major respiratory infectious diseases.
The WHO Gender Strategy (WHO, 2009) mandates that “the different needs of women
and men are considered at all stages of policy and program development” Despite this
mandate, consideration of sex in emerging infectious disease programs is still the excep-
tion rather than the rule. A greater understanding of how sex influences the epidemi-
ology of influenza and other respiratory diseases may prove useful for clinical, public
health, and government activities that are critical in disease prevention and control.
Second, we saw that sex-differences in excess death during the first wave of COVID-19
in Italy were not equally strong throughout the regions and the age spectrum. Similar
patterns appeared in other countries. Such subtle and inconsistent differences can be
difficult to detect, especially in the first phases of a pandemic. A better knowledge of
the sex-pattern of susceptibility to mortality from virulent respiratory diseases and its
interplay with age could improve early detection and crisis management during future
pandemics. National statistical offices should provide weekly mortality data with spatial
granularity, disaggregated by sex and age groups, to allow for such analyses.

Appendix
See Fig. 2.

Italy = 0.95 . Italy = 0.99
Lombardia B ——————————— A= =

Piemonte

Trentino—Alto Adige

Liguria -
Emilia-Romagna

Valle d'Aosta « =
Marche

Veneto =

or
I
[
T
'
'
'
'
-
v
Puglia :
Abruzzo -
Molise '
Calabria !
Toscana :
Friuli-Venezia Giulia - T
Umbria '
Lazio -1

Sardegna o

Sicilia 1

Basilicata !

Campania !

T
.
'
L
T
1
L
T
.
L -
L
T
1
i
I
T
+
'
|

8 S
0.75 1.00 1.50
Female/Male log-ratio of observed over expected deaths

Geographical area North Center South Age group —e 60-69 —e- 70+

Fig. 2 Female/male ratio of observed over expected deaths on log scale by 20 Italian regions for the age
groups 60-69 and 70+

Page 5 of 7



Rizzi et al. Genus

(2022) 78:24 Page 6 of 7

Author contributions

SR: design of the study; data analysis; data interpretation; writing of the article; critical revision of the article; final
approval of the submitted version. CS: data collection; data interpretation; data visualization; writing of the article; critical
revision of the article; final approval of the submitted version. VZ: conceptualization of the study; data interpretation;
writing of the article; critical revision of the article; final approval of the submitted version. All authors read and approved
the final manuscript.

Funding
This research is supported by the ROCKWOOL Foundation Excess Deaths Grant.

Availability of data and materials
Data are freely available at https://www.istat.it/it/archivio/240401. Data and code for full replicability are available under
the authors' GitHub.

Declarations

Competing interests
None.

Received: 21 December 2021 Accepted: 17 July 2022
Published online: 06 August 2022

References

Alghamdi, I. G, Hussain, I. I, Almalki, S. S., Alghamdi, M. S., Alghamdi, M. M., & EI-Sheemy, M. A. (2014). The pattern of Mid-
dle East respiratory syndrome coronavirus in Saudi Arabia: A descriptive epidemiological analysis of data from the
Saudi Ministry of Health. International Journal of General Medicine, 7, 417-423. https://doi.org/10.2147/1JGM.S67061

Bhopal, S. S, &Bhopal, R. (2020). Sex differential in COVID-19 mortality varies markedly by age. Lancet (london, England),
396(10250), 532-533. https://doi.org/10.1016/50140-6736(20)31748-7

Blangiardo, M., Cameletti, M., Pirani, M., Corsetti, G., Battaglini, M., & Baio, G. (2020). Estimating weekly excess mortality at
sub-national level in Italy during the COVID-19 pandemic. PLoS ONE, 15(10), €0240286. https://doi.org/10.1371/journ
al.pone.0240286

Caselli, G, Egidi, V., & Strozza, C. (2021). Lltalia longeva: Dinamiche e diseguaglianze della sopravvivenza a cavallo di due
secoli. Il Mulino. https://www.mulino.it/isbn/9788815292711

Chan-Yeung, M., & Xu, R-H. (2003). SARS: Epidemiology. Respirology, 8(s1), S9-S14. https://doi.org/10.1046/j.1440-1843.
2003.00518.x

El Bcheraoui, C, Mokdad, A. H., Dwyer-Lindgren, L., Bertozzi-Villa, A, Stubbs, R. W., Morozoff, C, Shirude, S., Naghavi,
M., & Murray, C. J. L. (2018). Trends and patterns of differences in infectious disease mortality among US counties,
1980-2014. JAMA, 319(12), 1248-1260. https://doi.org/10.1001/jama.2018.2089

Ghislandi, S., Muttarak, R, Sauerberg, M., & Scotti, B. (2020). News from the front: Excess mortality and life expectancy in two
major epicentres of the COVID-19 pandemic in Italy (p. 20) [Preprint]. MedRxiv

Gianicolo, E. A. L, Russo, A, Blichler, B, Taylor, K, Stang, A, & Blettner, M. (2021). Gender specific excess mortality in Italy
during the COVID-19 pandemic accounting for age. European Journal of Epidemiology, 36(2), 213-218. https://doi.
org/10.1007/510654-021-00717-9

Gibertoni, D,, Adja, K. Y. C, Golinelli, D, Reno, C, Regazzi, L., Lenzi, J., Sanmarchi, F, & Fantini, M. P. (2021). Patterns of
COVID-19 related excess mortality in the municipalities of Northern Italy during the first wave of the pandemic.
Health and Place, 67, 102508. https://doi.org/10.1016/j.healthplace.2021.102508

Hanson-DeFusco, J. (2020). Comparative analysis of the gendered effects of newly-emergent outbreaks on women: Case
study of the 1918-20 Spanish Influenza, 2014/15 Ebola Pandemic, and 2019/20 COVID-19. Women’s Health Research,
2(2), 21-35. https://doi.org/10.1057/whr000012

Istat. (2021). Decessi e cause di morte: Cosa produce ['stat. https.//www.istat.it/it/archivio/240401

Jin, S, Ui, J, Cai, R, Wang, X, Gu, Z, Yu, H,, Fang, B, Chen, L, &Wang, C. (2020). Age- and sex-specific excess mortality
associated with influenza in Shanghai, China, 2010-2015. International Journal of Infectious Diseases 1JID Official Publi-
cation of the International Society for Infectious Diseases, 98, 382-389. https://doi.org/10.1016/j.ijid.2020.07.012

Karlberg, J,, Chong, D.S. Y, &Lai, W.Y. Y. (2004). Do men have a higher case fatality rate of severe acute respiratory syn-
drome than women do? American Journal of Epidemiology, 159(3), 229-231. https://doi.org/10.1093/aje/kwh056

Kontopantelis, E, Mamas, M. A, Deanfield, J,, Asaria, M., & Doran, T. (2021). Excess mortality in England and Wales during
the first wave of the COVID-19 pandemic. Journal of Epidemiology and Community Health, 75(3), 213-223. https://doi.
0rg/10.1136/jech-2020-214764

Liu, X-X, Qin, G, Li, X, Zhang, J., Zhao, K, Hu, M., & Wang, X-L. (2017). Excess mortality associated with influenza after the
2009 HINT pandemic in a subtropical city in China, 2010-2015. International Journal of Infectious Diseases: JID: Offi-
cial Publication of the International Society for Infectious Diseases, 57, 54-60. https://doi.org/10.1016/.ijid.2017.01.039

Mauvais-Jarvis, F, Bairey Merz, N., Barnes, P. J,, Brinton, R. D,, Carrero, J-J,, DeMeo, D. L, De Vries, G. J., Epperson, C. N.,
Govindan, R, Klein, S. L, Lonardo, A, Maki, P. M., McCullough, L. D., Regitz-Zagrosek, V., Regensteiner, J. G., Rubin,
J.B, Sandberg, K, & Suzuki, A. (2020). Sex and gender: Modifiers of health, disease, and medicine. Lancet (london,
England), 396(10250), 565-582. https://doi.org/10.1016/50140-6736(20)31561-0

Michelozzi, P, de'Donato, F, Scortichini, M., Pezzotti, P, Stafoggia, M., De Sario, M., Costa, G., Noccioli, F, Riccardo, F, Bella,
A, Demaria, M., Rossi, P, Brusaferro, S., Rezza, G., & Davoli, M. (2020). Temporal dynamics in total excess mortality and
COVID-19 deaths in Italian cities. BMC Public Health, 20(1), 1238. https://doi.org/10.1186/512889-020-09335-8


https://www.istat.it/it/archivio/240401
https://doi.org/10.2147/IJGM.S67061
https://doi.org/10.1016/S0140-6736(20)31748-7
https://doi.org/10.1371/journal.pone.0240286
https://doi.org/10.1371/journal.pone.0240286
https://www.mulino.it/isbn/9788815292711
https://doi.org/10.1046/j.1440-1843.2003.00518.x
https://doi.org/10.1046/j.1440-1843.2003.00518.x
https://doi.org/10.1001/jama.2018.2089
https://doi.org/10.1007/s10654-021-00717-9
https://doi.org/10.1007/s10654-021-00717-9
https://doi.org/10.1016/j.healthplace.2021.102508
https://doi.org/10.1057/whr000012
https://www.istat.it/it/archivio/240401
https://doi.org/10.1016/j.ijid.2020.07.012
https://doi.org/10.1093/aje/kwh056
https://doi.org/10.1136/jech-2020-214764
https://doi.org/10.1136/jech-2020-214764
https://doi.org/10.1016/j.ijid.2017.01.039
https://doi.org/10.1016/S0140-6736(20)31561-0
https://doi.org/10.1186/s12889-020-09335-8

Rizzi et al. Genus

(2022) 78:24 Page 7 of 7

Modig, K., Ahlbom, A, & Ebeling, M. (2021). Excess mortality from COVID-19: weekly excess death rates by age and sex
for Sweden and its most affected region. European Journal of Public Health, 31(1), 17-22. https://doi.org/10.1093/
eurpub/ckaa218

Nielsen, J, Nergaard, S. K, Lanzieri, G, Vestergaard, L. S., & Moelbak, K. (2021). Sex-differences in COVID-19 associated
excess mortality is not exceptional for the COVID-19 pandemic. Scientific Reports, 11(1), 20815. https://doi.org/10.
1038/541598-021-00213-w

R Core Team. (2020). R: A Language and Environment for Statistical Computing. https://www.r-project.org/

Rajatonirina, S., Rakotosolofo, B, Rakotomanana, F, Randrianasolo, L., Ratsitoharina, M., Raharinandrasana, H., Heraud,
J-M,, &Richard, V. (2013). Excess mortality associated with the 2009 A(H1N1)v influenza pandemic in Antananarivo,
Madagascar. Epidemiology and Infection, 141(4), 745-750. https://doi.org/10.1017/50950268812001215

Rizzi, S., & Vaupel, J. W. (2021). Short-term forecasts of expected deaths. Proceedings of the National Academy of Sciences,
118(15). https://doi.org/10.1073/pnas.2025324118

Scortichini, M., Schneider dos Santos, R, & De’ Donato, F, De Sario, M., Michelozzi, P, Davoli, M., Masselot, P, Sera, F, &
Gasparrini, A. (2020). Excess mortality during the COVID-19 outbreak in Italy: A two-stage interrupted time-series
analysis. International Journal of Epidemiology, 49(6), 1909-1917. https://doi.org/10.1093/ije/dyaa169

Takahashi, M., & Nagai, M. (2008). Estimation of excess mortality associated with influenza epidemics specific for sex,
age and cause of death in Japan during 1987-2005. Nihon Eiseigaku Zasshi Japanese Journal of Hygiene, 63(1), 5-19.
https://doi.org/10.1265/jjh.63.5

Takahashi, T, Ellingson, M. K, Wong, P, Israelow, B,, Lucas, C,, Klein, J, Silva, J, Mao, T, Oh, J. E, Tokuyama, M., Lu, P, Venkata-
raman, A, Park, A, Liu, F, Meir, A, Sun, J,, Wang, E. Y, Casanovas-Massana, A, Wyllie, A. L., et al. (2020). Sex differences
in immune responses that underlie COVID-19 disease outcomes. Nature, 588(7837), 315-320. https://doi.org/10.
1038/541586-020-2700-3

WHO. (2009). Strategy for integrating gender analysis and actions into the work of WHO.

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.

Submit your manuscript to a SpringerOpen®
journal and benefit from:

» Convenient online submission

» Rigorous peer review

» Open access: articles freely available online
» High visibility within the field

» Retaining the copyright to your article

Submit your next manuscript at » springeropen.com



https://doi.org/10.1093/eurpub/ckaa218
https://doi.org/10.1093/eurpub/ckaa218
https://doi.org/10.1038/s41598-021-00213-w
https://doi.org/10.1038/s41598-021-00213-w
https://www.r-project.org/
https://doi.org/10.1017/S0950268812001215
https://doi.org/10.1073/pnas.2025324118
https://doi.org/10.1093/ije/dyaa169
https://doi.org/10.1265/jjh.63.5
https://doi.org/10.1038/s41586-020-2700-3
https://doi.org/10.1038/s41586-020-2700-3

	Sex-differences in excess death risk during the COVID-19 pandemic: an analysis of the first wave across Italian regions. What have we learned?
	Abstract 
	Commentary
	Conclusions
	References


