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Sex-differences in COVID-19
associated excess mortality

Is not exceptional for the COVID-19
pandemic

Jens Nielsen'™, Sarah K. Nergaard?, Giampaolo Lanzieri?, Lasse S. Vestergaard® &
Kaare Moelbak3

Europe experienced excess mortality from February through June, 2020 due to the COVID-19
pandemic, with more COVID-19-associated deaths in males compared to females. However, a
difference in excess mortality among females compared to among males may be a more general
phenomenon, and should be investigated in none-COVID-19 situations as well. Based on death counts
from Eurostat, separate excess mortalities were estimated for each of the sexes using the EuroMOMO
model. Sex-differential excess mortality were expressed as differences in excess mortality incidence
rates between the sexes. A general relation between sex-differential and overall excess mortality
both during the COVID-19 pandemic and in preceding seasons were investigated. Data from 27
European countries were included, covering the seasons 2016/17 to 2019/20. In periods with increased
excess mortality, excess was consistently highest among males. From February through May 2020
male excess mortality was 52.7 (95% PI: 56.29; 49.05) deaths per 100,000 person years higher than
for females. Increased male excess mortality compared to female was also observed in the seasons
2016/17 to 2018/19. We found a linear relation between sex-differences in excess mortality and
overall excess mortality, i.e., 40 additional deaths among males per 100 excess deaths per 100,000
population. This corresponds to an overall female/male mortality incidence ratio of 0.7. In situations
with overall excess mortality, excess mortality increases more for males than females. We suggest
that the sex-differences observed during the COVID-19 pandemic reflects a general sex-disparity in
excess mortality.

Through spring 2020, Europe experienced high excess mortality caused by the spread of the severe acute res-
piratory syndrome coronavirus 2 (SARS-CoV-2) and the associated coronavirus disease (COVID-19). As docu-
mented by the network for European monitoring of excess mortality for public health action (EuroMOMO)
the pooled European mortality started increasing from 2020-W08 (ISOweek 8601 definition and format') and
peaked in 2020-W142, with a pooled all-cause excess number of 35,802 deaths in the 26 participating countries®.

Worldwide, a higher number of deaths among confirmed COVID-19 cases have been reported for males than
for females resulting in a sex-difference in COVID-19 case fatalities*® and in all-cause mortality’, which may
be understood as a particular feature of the current pandemic. It is, however, widely recognized that there is a
general underlying difference between females and males in mortality and morbidity e.g. resulting in a longer
life expectancy for females®. This is particularly seen in Western countries, where males generally die earlier
than females®. Interactions between sex hormones and the immune system, causing different sex patterns in
immune responses may play a role'*'?, although physiological factors and gender-related behavior may also be
of importance®~1°.

Furthermore, sex-differences in excess mortality have also been reported for other infectious diseases causing
elevated excess mortality'®'” also in situations with extreme mortality's. While sex-differences in general mortal-
ity has been investigated, few studies have investigated sex-differential excess all-cause mortality, by which we
mean differences in excess mortality among females compared to excess mortality among males.
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When investigating sex-differences in mortality due to COVID-19, or any other infection, it is important to
recognize that reported deaths associated to the infection may be biased e.g. due to non-random testing, mis-
classification or lack of consistent reporting of death certificates. To overcome this bias, we applied population
based analyses of sex-differential excess mortality i.e. excess relative to expected baseline mortalities for each sex.

Data and methods

We estimated sex specific all-cause excess mortality in the seasons 2016/17 to 2019/20 (week 27 to week 26
the following year), to investigate sex-differential excess mortality during the first half year of the COVID-19
pandemic and in previous periods with excess mortality. For this purpose, we applied the EuroMOMO model,
a time series Poisson regression accounting for trend and seasonality!?, on data from each of the European
countries reporting all-cause death counts to the statistical office of the European Union, Eurostat. Expected
all-cause mortality and excess all-cause mortality were estimated separately for each sex. Estimates of excess
mortality from the countries was pooled? i.e. excess mortalities are stratified by country, thus accounting for
disparities between the countries.

Data sources. Data on all-cause death counts, from a number of European countries, are freely download-
able from Eurostat®, by NUTS-code?!, sex, 5-years age groups and ISOweek.

Population size on January 1st for each of the countries are also freely available from Eurostat®, by NUTS-
code, sex and age.

Data used in this study were downloaded November 4, 2020.

Data preparation and criteria for inclusion.  Criteria for inclusion. In order to apply the EuroMOMO
model to estimate the expected baseline number of deaths in one winter season (week 27 to week 26 the fol-
lowing year), historical data for the preceding five seasons are required. Therefore, for each season we limited
the analyses to countries having data covering at least the previous five seasons before and the full actual sea-
son. Further, all analyses were performed on country level (NUTS level 0), and aggregated to the following age
groups: 0-14, 15-44, 45-64, 65-74, 75-84, 85 + years and all ages. Analyses were limited to countries with data
available on age and sex.

EuroMOMO input data. The EuroMOMO model requires input data to be one record for each death, even
though it is aggregated by ISOweek. Therefore, downloaded weekly death counts from Eurostat were randomly
distributed over the week to fit the EuroMOMO model. This could be done without loss of information.

Weekly population data. Population size by ISOweek were linearly interpolated from the January 1st popula-
tion data, by country (NUTS level 0), sex and age group.

Analyses. Expected and excess mortality. We used the EuroMOMO model R package? to estimate the
expected (baseline) weekly number of deaths for each country, by sex and age group, for each of the seasons
2015/16 to 2019/20. Number of countries with sufficient retrospective data dropped drastically for seasons be-
fore 2016/17 (Supplementary S1), why earlier seasons were not included in the analyses. The country baselines
and excess number of deaths were pooled, stratified by country, to account for heterogeneity between counties,
to provide European estimates of expected (baseline) number of deaths and excess number of deaths for each
of the seasons'’.

European weekly estimates of excess number of deaths i.e. difference between observed and expected numbers
of deaths, as well as their variances were extracted from the pooled data. Furthermore, excess mortality incidences
by 100,000 person years by sex and age group were calculated, using population data.

Differences in age-distribution between sexes may make the comparison between sexes on all ages mislead-
ing. Therefore, a weekly age standardized total over age groups according to the overall age group distribution
of both sex was calculated.

Sex-differential excess mortality. Sex-differential excess mortality i.e. the differences in weekly female and male
excess mortality incidences were expressed as the difference between female and male excess mortality incidence
rates (female minus male). This measure eliminates the underlying difference in mortality between the sexes.

Sex-differential excess mortality versus overall excess mortality. A possible association between sex-differential
excess mortality and overall excess mortality was explored by linear regression, using the respective excess mor-
talities for the seasons 2016/17 to and including the 2019/20 COVID-19 season.

Results

Totally, 27 countries had sufficient data for estimation of baselines in two or more of the seasons 2016/17 to
2019/20 (Table 1). Of these, 25 countries had data for all 4 seasons, while France had data for the seasons
2018/19 and 2019/20, and Montenegro had data from 2016/17 to 2018/19. The included countries are listed in
Supplementary S1.
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Females Males
Number of deaths Population Number of deaths Population Number of deaths Population
Season* Number of countries | (millions) (millions) (millions) (millions) (millions) (millions)
2016/17 26 2.27 221.28 1.14 113.11 1.13 108.17
2017/18 26 227 221.75 1.13 113.33 1.14 108.42
2018/19 27 2.86 289.38 1.43 148.23 1.43 141.14
2019/20 26 2.92 289.44 1.45 148.24 1.47 141.20

Table 1. Number of deaths and populations, by season and gender. *Week 27 to week 26 the following year.

Roughly, equal numbers of males and females died every season (Table 1), but females made up a larger
proportion of the population. Hence, the estimated expected, underlying female mortality was lower than the
expected underlying male mortality in all age groups (Fig. 1). There were virtually no differences in mortality
between the sexes, when looking at crude all-age estimates; however, when investigating the sex-differences for
all ages standardized according to the overall age group distribution of both sexes, the baseline mortalities for
all ages reflect the underlying sex-differences in mortality observed in the age groups.

Comparing sex-differences in excess mortality, i.e. where the underlying baseline is excluded, the sex-differen-
tial, for each age group and for all ages combined (age-standardized), showed markedly lower excess mortalities
for females during the COVID-19 pandemic (Fig. 2), most pronounced among individuals 45 years or older.
Periods with markedly low female excess mortality compared to male were also observed in the seasons 2016/17
to 2018/19 (Fig. 2), while there were only sporadic periods of higher female excess mortality compared to male.

Periods with a significant sex-differential excess mortality, defined as periods with at least 3 coherent weeks
with a weekly difference above 2 z-scores, occurred in all four seasons (Table 2), though with different duration
and pattern (Fig. 2).

A potential relation between sex-differential excess mortality and overall excess mortality showed a significant
linear trend towards an increasing higher difference between excess mortality for females and males with increas-
ing overall excess mortality, with varying trends between age groups (Fig. 3). There are a one-to-one mapping
between the linear trend (slope) and the female/male excess mortality incidence ratio (Supplementary S2). For
example, the estimated overall age-standardised increase in the sex-difference of — 0.4 per increase in overall
excess mortal. In other words, an increase in excess mortality of 100 per 100,000 population will be associated
with 40 additional deaths among males. This corresponds to an overall age-standardised female/male mortality
incidence ratio of 0.7 (Table 3). The female/male excess mortality incidence ratios suggests a u-shape with age,
with highest disparity among 45-64 years old (ratio 0.4) and estimates approaching 1 at low and high ages (0.7
for children < 15 years and 0.8 for elderly > =85 years) (Table 3).

Discussion

Our study support existing literature on all-cause sex-differential excess mortality in favor of females during
periods with increased or extreme all-cause mortality. Further, we observed the sex-differential excess mortality
to be of the same size, for all ages, 40 males per 100.000 population in absolute numbers, independent of what
was causing the increased mortality; COVID-19 or influenza.

More studies have reported higher COVID-19 related mortality among males compared to females. Corre-
sponding to, that in the first half year of 2020, when COVID-19 evolved in Europe and all-cause mortality was
substantially increased (Fig. 1), males had a markedly higher excess mortality compared to females (Table 2),
according to data from 26 European countries providing data on weekly deaths counts to Eurostat, usable for
the COVID-19 season.

Higher excess mortality among males compared to females was also observed in earlier seasons (Fig. 2). The
season 2017/18 saw high excess mortality attributable to influenza®, and the cumulated sex-difference in excess
mortality were of the same magnitude as during the COVID-19 pandemic (Table 2). Further, comparing the
timing of peaks of increased excess mortality (Fig. 1) with peaks of low female excess mortality relative to male
(Fig. 2), they seem to happen contemporarily. Indeed, there seems to be a general linear association between
increasing overall excess mortality and sex-differential excess mortality (Fig. 3), being most pronounced among
the 15 to 64 years old. This suggest that there is a consistent pattern of higher excess mortality among males in
periods with overall excess mortality.

Many infectious diseases have been associated with sex-differences in cause-specific excess mortality e.g.
bacteremia®*?, respiratory diseases including chronic obstructive pulmonary disease (COPD)* and other viral
infections'®**?7. On this basis, sex-differences in excess mortality during the COVID-19 pandemic should be
understood in a broader context. Indeed, our finding suggest that higher male related excess mortality compared
to females may be independent of what is causing the over-all increased mortality. The observed linear association
between sex-differential and overall excess mortality may indicate that the female/male excess mortality inci-
dence rate ratio will be constant and independent of size of overall excess mortality. Hence, a relative inequality
in excess mortality between sexes is independent of size of the over-all excess, although the nominal difference
between the sexes will increase with increasing over-all excess.
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Figure 1. Pooled observed (solid) and expected (dashed) mortality rates by age group for the seasons 2015/16
to 2019/20.
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Figure 2. Pooled sex-differential excess mortality rates by age group for the seasons 2015/16 to 2019/20.
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Period 2016-W51 to 2017-W05 2017-W47 to 2018-W15 2018-W29 to 2019-W08 | 2019-W52 to 2020-W22
Age group Female excess—male excess, deaths per 100,000 person years (95% Prediction Interval)

0-14 years —3.09 (- 5.35; — 0.84) 0.42 (- 0.85; 1.70) 1.04 (0.15; 1.93) 0.38 (- 0.69; 1.44)

15-44 years —6.03 (- 8.36; — 3.70) —-3.56 (—4.91;-2.21) —2.42 (- 3.36; — 1.47) — 1.16 (- 2.30; - 0.02)

45-64 years - 52.39 (- 61.10; — 43.67) —29.25 (- 34.00; — 24.49) —-10.62 (- 13.72; - 7.51) —26.61 (- 30.27; — 22.96)
65-74 years —112.66 (- 139.72; — 85.59) — 68.27 (— 83.28; — 53.26) —36.76 (— 46.70; — 26.81) | —94.25 (- 106.28; — 82.21)
75-84 years —440.02 (- 507.22; — 372.81) | — 245.58 (- 282.27; — 208.89) —52.91 (- 76.27; — 29.55) | — 342.86 (- 370.14; — 315.59)
85 years and older —470.72 (- 705.46; — 235.98) | —208.19 (- 332.31; — 84.06) 20.68 (— 62.47; 103.82) —494.90 (- 593.79; — 396.00)

All ages, age standardised

—66.17 (- 73.99; — 58.36)

—36.31 (- 40.60; — 32.02)

—-10.18 (- 13.16; — 7.20)

- 52.67 (- 56.29; — 49.05)

Table 2. Cumulated sex-differential excess mortality (females minus males). Periods with at least 3 coherent
weeks with a weekly difference greater than 2 z-scores in at least one age group.

The general discrepancy in mortality between the sexes is well known. However, what is causing this discrep-
ancy is still not understood and is probably due to many factors like behavioural and biological differences. Our
finding of a u-shaped female/males excess mortality ratios with age corroborate the hypothesis that sex-hormone
interactions with the immune system affect sex differences in mortality'"!2. However, other conditions may also
contribute, such as gender differences in health and hygiene behaviour', including tobacco smoking?.

Our study is subject to limitations. Two countries, France and Montenegro, did not have sufficient data to be
included in all seasons. However, all analyses were on mortality incidence rates, thus accounting for variations
in participating populations over the seasons. Excluding the two countries from all analyses, did not affect the
findings (data not shown). Furthermore, we used the EuroMOMO model to estimate the over-all baseline and
the baselines for each of the sexes. The baseline estimation is based on a linear trend and a sine-curve seasonal-
ity over a 6 years period. The linear trend should compensate temporal changes in the background population.
However, the assumption of a sine-curve seasonality may be a limitation. Although this is frequently applied in
time-series analyses of mortality, it may represent a too rigid assessment of the seasonality.

The crude all ages sex-differences in excess mortality was not a priori expected to correspond to the sex-
difference patterns observed in the age groups, due to different age distributions between the sexes. A reversion,
as for example seen in the 2016/17 season, was not anticipated, which emphasize assessing differences in age
distribution, when comparing populations.

In this study, we looked at excess mortality for each sex i.e. we exclude differences in the baseline or general
mortalities, thereby excluding basic differences in mortality; which could eliminate the effect of some of the
confounders in the over-all difference between the sexes. However, these confounders may also influence the
sex-differential excess mortality. Our study is limited to European countries and the seasons 2016/7 to 2019/20,
where the main causes to over-all excess mortality has been the infectious diseases influenza and COVID-19.
Hence, our findings should not be extended to situation, where the cause to the over-all excess mortality not is
an infectious disease. Further, excess mortality being an aggregated measure and as such it is neither predictive
of individual outcomes, nor exempt from ecological fallacy.

We have analysed patterns in pooled European excess mortality. However, we found some variation between
countries, including countries without a statistically significant difference between sexes, mainly countries with
relatively low increases in excess mortality (data not shown).

Conclusion
Under normal conditions female mortality will generally be lower than male mortality. In situations with excess
mortality, e.g. due to winter circulation of respiratory pathogens, excess mortality increases more for males than
for females. Because this was observed at similar magnitudes in seasons with influenza and with SARS-CoV-2,
we suggest that this occurs independent of which pathogens are causing the excess mortality. Therefore, the sex-
differences observed in COVID-19 associated deaths and in excess mortality during the COVID-19 pandemic
does not represent a feature that is particular for the COVID-19 pandemic, but is associated to excess mortality
in a more general way.

Sex-differentials in excess mortalities should be investigated further, especially as they may provide knowledge
and tools supporting sex equality in public health management and prevention in situations with excess mortality.
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Figure 3. Relations between overall excess mortality and sex-differential excess mortality (female-male) for the
seasons 2016/17 to 2019/20.

Scientific Reports|  (2021) 11:20815 | https://doi.org/10.1038/s41598-021-00213-w nature portfolio



www.nature.com/scientificreports/

Linear trends in females minus male excess mortality versus overall Female/male excess mortality incidence ratio (95% Confidence

Age group excess mortality (95% Confidence Interval) Interval)

0 to 14 years —0.30 (- 0.52; - 0.08) 0.74 (0.59; 0.92)
15 to 44 years —0.70 (- 0.83; - 0.56) 0.48 (0.41; 0.56)
45 to 64 years —0.80 (- 0.88; - 0.72) 0.43 (0.39; 0.47)
65 to 74 years —0.61 (- 0.66; — 0.55) 0.54 (0.51; 0.57)
75 to 84 years —0.54 (- 0.58; — 0.50) 0.59 (0.57; 0.62)
>85 years —0.19 (- 0.22; - 0.15) 0.83 (0.81; 0.86)
All ages, age standardized —0.4(-0.43; - 0.37) 0.67 (0.65; 0.69)

Table 3. Estimated linear association between sex-differential excess mortality and overall excess mortality,
and corresponding female/male excess mortality incidence ratios.

Received: 16 April 2021; Accepted: 24 September 2021
Published online: 21 October 2021

References

1. International Organization for Standardization ISO 8601. (https://www.iso.org/iso-8601-date-and-time-format.html.

2. EuroMOMO. www.euromomo.eu (accessed 13 Dec 2020).

3. Vestergaard, L. S. et al. Excess all-cause mortality during the COVID-19 pandemic in Europe: Preliminary pooled estimates from
the EuroMOMO network, March to April 2020. Eurosurveillance 25(26), 201214 (2020).

4. Shama, G., Volgman, A. S. & Michos, E. D. Sex differences in mortality from COVID-19 pandemic: Are men more vulnerable and
women protected?. JACC Case Rep. 2(9), 1407-1410. https://doi.org/10.1016/j.jaccas.2020.04.027 (2020) (Epub 2020 May 4).

5. Lakbar, I. et al. COVID-19 gender susceptibility and outcomes: A systematic review. PLoS ONE 15(11), €0241827. https://doi.org/
10.1371/journal.pone.0241 (2020).

6. Peckham, H. et al. Male sex identified by global COVID-19 meta-analysis as a risk factor for death and ITU admission. Nat. Com-
mun. 11, 6317. https://doi.org/10.1038/s41467-020-19741-6 (2020).

7. Ahrenfelt, L. J., Otavova, M., Christensen, K. & Lindahl-Jacobsen, R. Sex and age differences in COVID-19 mortality in Europe.
Wiener Klinische Wochenschrhrift. 133(7-8), 393-398. https://doi.org/10.1007/s00508-020-01793-9 (2021).

8. Barford, A., Dorling, D., Davey, S. G. & Shawn, M. Life expectancy: Women now on top everywhere. BMJ 332(7545), 808. https://
doi.org/10.1136/bmj.332.7545.808 (2006).

9. Owens, L. P. E. Sex differences in mortality rate. Science 5589, 2008-2009 (2002).

10. Takahashi, T. et al. Sex differences in immune responses to SARS-CoV-2 that underlie disease outcomes. Nature https://doi.org/
10.1038/s41586-020-2700-3 (2020).

11. Klein, S. L. & Flanagan, K. L. Sex differences in immune responses. Nat. Rev. Immunol. 16(10), 626-638. https://doi.org/10.1038/
1nri.2016.90 (2016).

12. McClelland, E. E. & Smith, J. M. Gender specific differences in the immune response to infection. Arch. Immunol. Ther. Exp. 59,
203-213. https://doi.org/10.1007/s00005-011-0124-3 (2011).

13. Guerra-Silveira, F. & Abad-Franch, E Sex bias in infectious disease epidemiology: Patterns and processes. PLoS ONE 8(4), 62390
(2013).

14. Mauvais-Jarvis, F. et al. Sex and gender: Modifiers of health, disease, and medicine. Lancet 396, 565-582. https://doi.org/10.1016/
S0140-6736(20)31561-0 (2020).

15. Suen, L.K. P, So,Z. Y. Y, Yeung, S. K. W,, Lo, K. Y. K. & Lam, S. C. Epidemiological investigation on hand hygiene knowledge and
behaviour: A cross-sectional study on gender disparity. BMC Public Health 19, 401. https://doi.org/10.1186/s12889-019-6705-5
(2019).

16. El Bcheraoui, C. et al. 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 (2018).

17. Alghamdi, I. G. et al. The pattern of Middle East respiratory syndrome coronavirus in Saudi Arabia: A descriptive epidemiological
analysis of data from the Saudi Ministry of Health. Int. . Gen. Med. 7, 417-423 (2014).

18. Zarulli, V. et al. Women live longer than men even during severe famines and epidemics. Proc. Natl. Acad. Sci. USA 115(4), E832-
E840. https://doi.org/10.1073/pnas.1701535115 (2018).

19. Nielsen, J. et al. Pooling European all-cause mortality: Methodology and findings for the seasons 2008/2009 to 2010/2011. Epide-
miol. Infect. 141(9), 1996-2010. https://doi.org/10.1017/S0950268812002580 (2013).

20. Eurostat Downloadable Data. https://ec.europa.eu/Eurostat/data/database?node_code=hlth (accessed 13 Dec 2020).

21. NUTS Codes. https://en.wikipedia.org/wiki/Nomenclature_of_Territorial_Units_for_Statistics (accessed 13 Dec 2020).

22. The EuroMOMO R Package. https://github.com/EuroMOMOnetwork/MOMO (accessed 13 Dec 2020).

23. Nielsen, J. et al. European all-cause excess and influenza-attributable mortality in the 2017/18 season: Should the burden of influ-
enza B be reconsidered?. Clin. Microbiol. Infect. 25(10), 1266-1276. https://doi.org/10.1016/j.cmi.2019.02.011 (2019).

24. Gubbels, S. et al. National automated surveillance of hospital-acquired bacteremia in Denmark using a computer algorithm. Infect.
Control Hosp. Epidemiol. 38(5), 559. https://doi.org/10.1017/ice.2017.1 (2017).

25. Bosch, E, Angele, M. K. & Chaudry, I. H. Gender differences in trauma, shock and sepsis. Mild Med. Res. 5(35), 1-10. https://doi.
0rg/10.1186/s40779-018-0182-5 (2018).

26. Zarrabian, B. & Mirsaeidi, M. A trend analysis of COPD mortality in the United States by race and sex. Ann. Am. Thorac. Soc.
https://doi.org/10.1513/AnnalsATS.202007-8220C (2020).

27. Jina, S. et al. Age- and sex-specific excess mortality associated with influenza in Shanghai, China, 2010-2015. Int. J. Infect. Dis. 98,
382-389. https://doi.org/10.1016/j.ijid.2020.07.012 (2020).

28. Wensink, M., Alvarez, J. A., Rizzi, S., Janssen, F. & Lindahl-Jacobsen, R. Progression of the smoking epidemic in high-income
regions and its effects on male-female survival differences: A cohort-by-age analysis of 17 countries. BMC Public Health 20, 39.
https://doi.org/10.1186/512889-020-8148-4 (2020).

Acknowledgements

We are grateful to all the countries making their death counts public available through Eurostat.

Scientific Reports |

(2021) 11:20815 | https://doi.org/10.1038/s41598-021-00213-w nature portfolio


https://www.iso.org/iso-8601-date-and-time-format.html
http://www.euromomo.eu
https://doi.org/10.1016/j.jaccas.2020.04.027
https://doi.org/10.1371/journal.pone.0241
https://doi.org/10.1371/journal.pone.0241
https://doi.org/10.1038/s41467-020-19741-6
https://doi.org/10.1007/s00508-020-01793-9
https://doi.org/10.1136/bmj.332.7545.808
https://doi.org/10.1136/bmj.332.7545.808
https://doi.org/10.1038/s41586-020-2700-3
https://doi.org/10.1038/s41586-020-2700-3
https://doi.org/10.1038/nri.2016.90
https://doi.org/10.1038/nri.2016.90
https://doi.org/10.1007/s00005-011-0124-3
https://doi.org/10.1016/S0140-6736(20)31561-0
https://doi.org/10.1016/S0140-6736(20)31561-0
https://doi.org/10.1186/s12889-019-6705-5
https://doi.org/10.1001/jama.2018.2089
https://doi.org/10.1073/pnas.1701535115
https://doi.org/10.1017/S0950268812002580
https://ec.europa.eu/Eurostat/data/database?node_code=hlth
https://en.wikipedia.org/wiki/Nomenclature_of_Territorial_Units_for_Statistics
https://github.com/EuroMOMOnetwork/MOMO
https://doi.org/10.1016/j.cmi.2019.02.011
https://doi.org/10.1017/ice.2017.1
https://doi.org/10.1186/s40779-018-0182-5
https://doi.org/10.1186/s40779-018-0182-5
https://doi.org/10.1513/AnnalsATS.202007-822OC
https://doi.org/10.1016/j.ijid.2020.07.012
https://doi.org/10.1186/s12889-020-8148-4

www.nature.com/scientificreports/

Author contributions
J.N. designed the study, wrote the manuscript and did the statistical analyses. S.K.N. contributed to the statistical
analyses. All authors provided input to, revised and have approved the manuscript

Competing interests
The authors declare no competing interests.

Additional information
Supplementary Information The online version contains supplementary material available at https://doi.org/
10.1038/541598-021-00213-w.

Correspondence and requests for materials should be addressed to J.N.
Reprints and permissions information is available at www.nature.com/reprints.

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

Open Access This article is licensed under a Creative Commons Attribution 4.0 International

License, which permits use, sharing, adaptation, distribution and reproduction in any medium or
format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the
Creative Commons licence, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2021

Scientific Reports |

(2021) 11:20815 | https://doi.org/10.1038/s41598-021-00213-w nature portfolio


https://doi.org/10.1038/s41598-021-00213-w
https://doi.org/10.1038/s41598-021-00213-w
www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Sex-differences in COVID-19 associated excess mortality is not exceptional for the COVID-19 pandemic
	Data and methods
	Data sources. 
	Data preparation and criteria for inclusion. 
	Criteria for inclusion. 
	EuroMOMO input data. 
	Weekly population data. 

	Analyses. 
	Expected and excess mortality. 
	Sex-differential excess mortality. 
	Sex-differential excess mortality versus overall excess mortality. 


	Results
	Discussion
	Conclusion
	References
	Acknowledgements


