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Summary We analyze the age and sex distribution
of the reported COVID-19 deaths in Austria. In ac-
cordance with international studies, the Austrian data
also suggests that the risk of death increases substan-
tially with age. The observed age dependency of the
proportions of registered COVID-19 deaths in relation
to the population sizes in the age groups is approxi-
mately exponential, similar to the age dependency of
the general age specific mortality rate. Furthermore,
we compare the general age specific mortality rate in
Austria with the estimates of the SARS-CoV-2 infection
fatality rate by Ferguson et al. (2020). The parallels to
the general age specific mortality rates do not imply
that COVID-19 does not pose an additional risk. On
the contrary, it follows from the structure and magni-
tude of the infection fatality rate that it is substantial,
especially for higher age groups. However, since in
many cases persons with severe pre-existing condi-
tions are affected, it is not yet possible to estimate
what effects COVID-19 will have on life expectancy.

Keywords COVID-19 - Epidemics - Death - Austria -
Sex distribution - Age distribution

To the best of our knowledge, the most recent pub-
lished evaluation of Austrian COVID-19 death data by
age and sex is based on the 112 registered COVID-
19 deaths that were available in the epidemiological
reporting system of the Federal Ministry of Social Af-
fairs, Health, Care and Consumer Protection (in the
following abbreviated as Ministry of Health) by 15:00
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on 31 March 2020 (of the total 128 deaths by that
time) [1]. In addition, the current marginal age distri-
bution and marginal gender distribution (but not the
gender distribution per age group) of deaths is con-
tinuously published on the dashboard of the Ministry
of Health [2]. For this analysis we used both the data
set from March 31, as well as data from the dash-
board including 439 deaths reported by 11:00 on 21
April 2020. In both data sets, the majority of the de-
ceased are men (61% men by 31 March and 58% by 21
April). Most of the deceased are over 60 and 55 years
of age, respectively (Fig. 1a and b). When compar-
ing the graphs, the different age categories and total
number of deaths should be taken into account. How-
ever, the absolute figures must be related to the size of
the population in each age group. Then they can be
interpreted as current COVID-19 mortality per 10,000
people in each age group in Austria (Fig. 1c and d) ac-
counting for all cases reported to the epidemiological
reporting system by 31 March and 21 April, respec-
tively. This illustration shows a clear age trend and
the gender difference is even more pronounced (since
women are in the majority in the upper age groups of
the population). It should be noted that the graphs do
not show the infection fatality rate, defined as the pro-
portion of fatalities among infected persons, but the
proportion of registered COVID-19 deaths in relation
to the general population.

The age dependency of mortality rates is not
unusual. Also, the normal mortality risk depends
strongly on age. The mortality tables show for each
age and sex the number of people who die in the next
year of life (Fig. 2a, red and blue lines) per 10,000
people in that age and sex group. The risk of mor-
tality is high at birth, but then drops below 0.01%
by age 7. After that, it increases again, especially
among the more risk-taking young men. The risk of
men remains higher than that of women until old
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Fig. 1 aAgedistribution and sex of COVID-19 deaths in Aus- ure. ¢ COVID-19 deaths per 10,000 in the respective age and

tria that were registered up to 31 March 2020. b Age dis-
tribution of COVID-19 deaths in Austria that were registered
up to 21 April 2020 (both sexes pooled). Due to the differ-
ent age categories and different total number of deaths, the
absolute figures are not directly comparable with the left fig-

age and only approaches that of women at the end
of the curve. If we compare this normal mortality
risk with the COVID-19 mortality until 31 March or
21 April, respectively (Fig. 2a and b), we see a similar
increase (although the number of COVID-19 deaths
registered by the respective survey date scaled to the
population size is orders of magnitude lower than the
annual mortality rates). The proportion of Austrians
who die from COVID-19 by a given date depends on

sex group in the Austrian population (deaths reported up to 31
March 2020) and 95% confidence intervals. 2018 Population
size data from [9]. d As ¢ but with other age categories, sex
groups pooled, and including deaths reported until 21 April

how many people are infected and the risk of death
among those infected, the so-called infection fatality
rate.

However, estimating infection fatality rates is com-
plex [4, 5]. A simple, but not very reliable estimator is
the proportion of observed deaths among those who
tested positive. However, the positively tested are only
a part of all infected persons and it is difficult to quan-
tify the dark figure of undetected infections that are

686  Analysis of Austrian COVID-19 deaths by age and sex

@ Springer



5,000 A

1,000 1
500 -

100 1
50 1

104
54

1] ‘3

. !

Deaths per 10,000

0.01+
0.005 1
0.001 1
0 10 20 30 40 50 60 70 80 90 100
a Age

5,000 1

1,000 1
500 -

100 1
501

104 o

[¢,]
L

N
L
L

Deaths per 10,000
o

-o-

0.051 *
0.01

0.005 1

0.001 1

0 10 20 30 40 50 60 70 80 90 100

b Age

== \Nomen: Annual mortality rate == Men: Annual mortality rate ® Women: Covid—19 deaths

® Men: Covid-19 deaths

Fig. 2 a Red (women) and blue (men) lines: number of peo-
ple per 10,000 persons in the Austrian population who nor-
mally die within the next year of life (average of the years
2015-2017 from [9]). Red (women) and blue (men) dots: num-
ber of persons per 10,000 in the Austrian population who died
with COVID-19 and were registered in the epidemiological re-
porting system by 31 March 2020. These are the numbers
from Fig. 1c, plotted on a log scale. Zero counts are not plot-

mild or even without symptoms. It is difficult to de-
termine the number of undetected cases of infected
persons, as it depends heavily on the number of tests
and the testing strategy. Only representative antibody
tests will provide reliable estimates. Therefore, instead
of infection fatality rates, case fatality rates (the num-
ber of deaths per registered cases) are often consid-
ered instead. But these are also difficult to estimate
during an outbreak of an epidemic because many of
those who test positive are still ill when the data is
collected and may die within the next few days.

The case fatality rates however, depend sensitively
on the number of undetected cases, which explains
part of the differences between the numbers reported
in different countries. An indication for the infection
fatality rate is provided by the cases on the Diamond
Princess, the cruise ship on which all passengers were
tested and a mortality rate of 1.5% (11 out of 712 tested
positive) was observed. However, the risk of death is
strongly age dependent. Scientists at Imperial Col-
lege London [3] used a model-based approach to es-
timate the age-dependent risk for infected persons to
die from COVID-19. Sir David Spiegelhalter, professor
of risk communication at the University of Cambridge,
observed that these estimated infection fatality rates
were roughly similar to the normal annual mortality
risk in the United Kingdom [6, 7]. Comparing the in-
fection fatality rate estimates reported in [3] with the

@® Both: Covid-19 deaths

ted. The numbers are plotted at the mean ages of the Austrian
population in the respective age categories. Due to the expo-
nential increase of the risk with age, this gives a slightly pos-
itively biased estimate of the number of deaths at the mean
age. The vertical lines represent 95% confidence intervals.
Lower bounds are cut off at 0.001. b Red and blue lines as
in a. Grey dots: as the blue and red dots in a but for deaths
reported until 21 April and pooled sexes

normal annual mortality rates for Austria, we see par-
allels as well — the estimated risk of death with COVID-
19 is for the majority of age groups roughly as high as
the normal risk of dying within 1-2 years (Fig. 3, black
dots). However, the risk is not spread over the entire
period, but concentrated on a much shorter interval.
We also observe that the number of those who have
died in Austria with COVID-19 per population size in
the respective age and sex group have a similar ex-
ponential age dependency as the estimated infection
fatality rates (Fig. 2a, b and 3). On closer inspection,
one sees that the increase of the former is somewhat
steeper. This could still be consistent with the infec-
tion fatality rate estimates if infection rates are higher
in the upper age groups. In fact, if the number of
people who tested positive are put in relation to the
population size, the current data of the Ministry of
Health show that the group of people over 85 years of
age is overrepresented.

A misinterpretation would be to conclude from
these considerations that the risk of death is not in-
creased. On the contrary, it follows from the structure
and magnitude of infection fatality rate that it is sub-
stantial, especially for higher age groups. Although it
is unclear how many people would have died in the
course of the year even without COVID-19 disease, it
can be assumed that the risk of dying from COVID-
19 is to a substantial extent an additional risk. It is
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Fig. 3 Red and blue lines as in Fig. 2a and b. Black dots: es-
timated infection fatality rates per age group according to [3]
plotted at the mean ages of the age groups for which the es-
timates were reported. Due to the exponential increase of the
risk with age, this gives a slightly positively biased estimate of
the number of deaths at the mean age

not yet known, however, how many years of life (on
average) one loses through a SARS-CoV-2 infection.
Since many seriously ill patients with already short-
ened life expectancy are affected, the additional effect
on the general life expectancy could be less than it
would be derived from mortality alone. Although in
the long run the loss of years of life may be a more
relevant figure than mortality itself, in the short run,
especially to assess the social impact, mortality is of
greater importance.

Such risk comparisons put the danger of COVID-
19 disease into perspective, but it is doubtful whether
this pandemic can be perceived as less drastic. These
mortality estimates do not take into account the possi-
ble overloading of the healthcare system and the asso-
ciated indirect effects on mortality of other diseases,
such as heart attacks, strokes, or cancer, which can
no longer be treated appropriately. According to esti-
mates by Imperial College London (3], 5% of infected
40- to 50-year-old people need hospital treatment, a
figure that rises to over 25% for those over 80. Of
those treated in hospital, about 6% of 40- to 50-year-
old people need intensive care and over 70% of those
over 80. In order to comprehensively evaluate the ef-
fects of the disease, it is also necessary to consider
in which state of health, for example, older patients
who did not die leave the hospital after intensive care
treatment. The long-term consequences of the dis-
ease are also not yet known. Therefore, comprehen-
sive measures to control the spread of the epidemic
are essential to prevent the collapse of the health sys-

tem. It is difficult to include the social and economic
consequences of the measures, which can also have
medical consequences.

Even if deaths are easier to collect than the num-
ber of people infected, these figures are not without
controversy. Firstly, it is often difficult to determine
whether a patient dies from COVID-19 (i.e., the virus
is the cause of death) or dies with the virus (i.e., is
infected but the cause of death is different). Two fig-
ures are currently reported by the Ministry of Health:
those of the deceased who tested positive (regardless
of the actual cause of death) and those who died from
COVID-19. On the other hand, there may also be an
unrecorded number, since COVID-19 deaths may not
always be recognized as such. More reliable than the
number of deaths due to COVID-19 is the total num-
ber of deaths. Reports from several countries with
stronger outbreaks of the epidemic indicate that the
death figures in recent weeks are significantly higher
than the long-term averages. But also in Austria, in-
creased death rates, especially among the elderly, have
been reported recently [8]. The extent to which the
deaths affect people who would have died this year
even without COVID-19 may become apparent in the
annual statistics.
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licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. ORF:ZIB2 [television broadcast]. 2020 March 31.

2. Bundesministerium fiir Soziales, Gesundheit, Pflege und
Konsumentenschutz. Amtliches Dashboard COVID19.
2020. https://info.gesundheitsministerium.at/dashboard.
html?l=de. Accessed 21 Apr2020.

3. Ferguson N, Laydon D, Nedjati Gilani G, Imai N, Ainslie
K, Baguelin M, Bhatia S, Boonyasiri A, Cucunuba Perez Z,
Cuomo-Dannenburg G, et al. Report 9: Impact of non-
pharmaceutical interventions (NPIs) to reduce COVID-19
mortality and healthcare demand. 2020. https://www.
imperial.ac.uk/mrc-global-infectious- disease-analysis/
covid-19/report-9-impact-of-npis-on-covid-19/. Ac-
cessed 1July2020.

688  Analysis of Austrian COVID-19 deaths by age and sex

@ Springer


http://creativecommons.org/licenses/by/4.0/
https://info.gesundheitsministerium.at/dashboard.html?l=de
https://info.gesundheitsministerium.at/dashboard.html?l=de
https://www.imperial.ac.uk/mrc-global-infectious-disease-analysis/covid-19/report-9-impact-of-npis-on-covid-19/
https://www.imperial.ac.uk/mrc-global-infectious-disease-analysis/covid-19/report-9-impact-of-npis-on-covid-19/
https://www.imperial.ac.uk/mrc-global-infectious-disease-analysis/covid-19/report-9-impact-of-npis-on-covid-19/

. OkeJ,Heneghan C. Global COVID-19casefatalityrates, cen-
treforevidence-based medicine. 2020. https://www.cebm.
net/covid-19/global-covid- 19-case-fatality-rates/.  Ac-
cessed 17 Apr2020.

. Rajgor DD, Lee MH, Archuleta S, Bagdasarian N, Quek SC.
The many estimates of the COVID-19 case fatality rate.
Lancet Infect Dis. 2020; https://doi.org/10.1016/s1473-
3099(20)30244-9.

. Spiegelhalter D. Does COVID raise everyone’s relative risk
of dying by a similar amount? more evidence. 2020.
https://medium.com/wintoncentre/does- covid-raise-
everyones-relative-risk- of-dying- by-a-similar-amount-
more-evidence-e7d30abf6821. Accessed 17 Apr2020.

. Spiegelhalter D. How much ‘normal’ risk does COVID rep-
resent? 2020. https://medium.com/wintoncentre/how-

much-normal-risk-does-covid-represent-4539118e1196.
Accessed 17 Apr2020.

8. Statistik Austria. Sterbefélle dlterer Menschen im Zeitraum
vom 16.3. bis 5.4.2020 tiberdurchschnittlich hoch. 2020.
https://www.statistik.at/web_de/presse/122934.html. Ac-
cessed 20 Apr2020.

9. University of California, Berkeley (USA), Max Planck Insti-
tute for Demographic Research (Germany). The Human
Mortality Database. 2020. https://www.mortality.org.
Accessed 17 Apr2020.

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

@ Springer

Analysis of Austrian COVID-19 deaths by age and sex 689


https://www.cebm.net/covid-19/global-covid-19-case-fatality-rates/
https://www.cebm.net/covid-19/global-covid-19-case-fatality-rates/
https://doi.org/10.1016/s1473-3099(20)30244-9
https://doi.org/10.1016/s1473-3099(20)30244-9
https://medium.com/wintoncentre/does-covid-raise-everyones-relative-risk-of-dying-by-a-similar-amount-more-evidence-e7d30abf6821
https://medium.com/wintoncentre/does-covid-raise-everyones-relative-risk-of-dying-by-a-similar-amount-more-evidence-e7d30abf6821
https://medium.com/wintoncentre/does-covid-raise-everyones-relative-risk-of-dying-by-a-similar-amount-more-evidence-e7d30abf6821
https://medium.com/wintoncentre/how-much-normal-risk-does-covid-represent-4539118e1196
https://medium.com/wintoncentre/how-much-normal-risk-does-covid-represent-4539118e1196
https://www.statistik.at/web_de/presse/122934.html
https://www.mortality.org

	Analysis of Austrian COVID-19 deaths by age and sex
	Summary
	References


