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Abstract: The growing number of series on COVID-19 deaths classified by age and sex, released by
national health authorities, has allowed us to compute age and sex patterns of its mortality,
based on 183,619 deaths from Western Europe and the USA. We highlight the specific age
schedule of COVID-19 mortality and its pronounced excess male mortality and we then apply
these COVID-19 death rates to world populations, in 2020. Our results underscore that
considerable variations exist between world regions, as concerns the potential impact of
COVID-19 mortality, because of their demographic structures. When compared to younger
countries in Sub-Saharan Africa, the vulnerability to COVID-19 mortality is shown to be 17
times higher in several indudrialized countries of East Asia and Europe. There is a high
correlation (r>=.44) between demographic vulnerability to COVID-19 mortality and current
COVID-19 death rates.

Abgtract: COVID-19, mortality, age structures, death rates, Europe, USA.
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Background: The data available on infection and death rates from COVID-19 have pointed to the
ederly’s vulnerability to pandemics, especially elderly men. However, current models have
not yet incorporated the growing volume of information on deaths by age and sex that is being
released by statistical offices and health authorities. These newly available data allow us to
examine the specific age and sex patterns of COVID-19 mortality and to estimate the impact
of specific demographic structures on potential COVID-19 mortality worldwide.

M ethods: We use the data available on May 15, 2020, from the nine countries with the largest series
of deaths, disaggregated by age and sex: Belgium, France, Germany, Italy, Netherlands, Spain,
Sweden, the UK, and the USA. Using 183,619 deaths (60.2% of all currently estimated
COVID-19 deaths), we estimate the sex-specific death rates, by 5-year ranges, for two large
death samples: USA and Western Europe. We compare these mortality rates with Gompertz
models and with life tables of the world’s popul ation, estimated by the United Nations. We
apply these COVID-19 mortality rates by sex and 5-year group to the 2020 age and sex
structures of world countries and regions, and obtain an index summarizing the relative
magnitude of their potential vulnerability to COVID-19 mortality because of their
demographic structures.

Findings: COVID-19 death rates cannot be computed below age 15. COVID-19 desth rates from age
15-19 yearsto 90+ increase by afactor of 3 of every ten years, at arate that is faster than
general mortality. Male mortality from COVID-19 is systematically higher than female
mortality, with apeak of excess male mortality occurring among 55-59-year-olds. Age and sex
structures show considerable variations across countries, in terms of vulnerability to COVID-
19 mortality. It transpiresthat the youngest countriesin Central Africaare 17 times less
vulnerable than aging countries, such as Japan.

I nter pretation: Whereas the true intensity of the ongoing COV ID-19 pandemic remains
underestimated by existing statistics, this unique mortality dataset shows that the regularity of
the distribution of COVID deaths by age and sex isin line with the standard Gompertz
mortality equation; thus confirming the quality of the first death samples and the unique age
and sex patterns of COVID-19 mortality.

COVID-19 death rates tend to be negligible below age 15 and cannot be used for analysis. The
rate of progression of death rates by age is faster than that of general mortality. Thisfeature
places the elderly population in a particularly vulnerable situation compared to younger adults.
Male excess mortality from COVID-19 also appears far more pronounced than in general
mortality patterns, with men aged 40-59 years being almost 2.5 times more likely to die than
women of the same age.

Our analysis also points to considerable variations between world regions, as concerns the
potential impact of COVID-19 mortality, because of their demographic structures. The
COVID-19 structural vulnerability index ranges from .28 in Western or Middle Africato 2.6
in Southern Europe. There is a high correlation between demographic vulnerability to
COVID-19 mortality and current COV ID-19 death rates (r2= .44 for 188 countries).
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1. Introduction

The first data on the infection and death rates of COVID-19 have pointed to the elderly’s
vulnerability to pandemics, and in particular elderly men*™ Thus far, existing models of COVID-
related mortality have relied on the death rates of infected populations and have not incorporated the
growing volume of information that is being released by statistical offices and health authorities.

Since April 2020, new series about COV ID-related deaths have become available; classified by date,
age group and sex (see also Appendix 1 for sources).>® These series permit us to chart the age and
sex patterns of pandemic mortality — even if the reported mortality levels still underestimate the true
intensity of COVID-19 mortality. Using these, it is possible to edimate the impact of specific
demographic structures on the potential mortality of COVID-19, worldwide and provide a detailed
demographic picture of the current and potential impact of the pandemic.”®

This paper begins with a description of the recent data that will be used for a disaggregated age
analysis of COVID-19 mortality. We also explain how age and sex data can be standardized across
countries, and how the resulting age and sex schedules of COVID-19 mortality can be applied to al
countries, to assess their respective vulnerability to the pandemic. The next section presents our
results: the age and sex death rates attributed to COVID-19, the sex ratio by age of COVID-19
mortality, and the potential impact of COVID-19 mortality on all countries and regions. We conclude
with the lessons drawn from our analysis and the unanswered questions that this research brings to
light.
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2. Deaths
2.1. Countries selected for the study

We collected the latest data — available on May 15, 2020 — on COVID-19 deaths by age and sex. We
limited our analysis on the 19 countries that had a death toll, attributed to COVID-19, of above 2000
deaths. Countries with smaller numbers of deaths — such as Norway, Portugal and South Korea — were
not considered, as the limited size of their (number of deaths) sample did not alow testing of the
consistency of death rates by age and sex.

However, we also had to exclude several countries without available disaggregated deaths by age and
sex from our sample: Brazil, Iran, China, Turkey, Mexico, India, Peru and the Russian Federation. In
addition, death data from Ecuador could also not be used, as there is no available disaggregation by
sex. Similarly, the lack of deaths disaggregated by age and sex precluded the use of figures from
Canada. A lig of these countries, including the websites of the main statistical sources on COVID-19
mortality, can be found in Appendix 1.

Our fina sample covered nine countries: Belgium, France, Germany, Italy, Netherlands, Spain,
Sweden, England and Wales, and the USA. Together, they accounted for more than 84% of deaths
presently attributed to the COVID-19 pandemic worldwide; although, death statistics disaggregated by
age and sex were often not available for al of the COVID-19 deaths within these countries.

The 183,619 deaths, with age or sex information, represent 78.6% of the total deaths currently
attributed to COVID-19, on the same date in the nine countries of our sample.® Coverage (desths by
age and sex/all deaths) is notably poor for the USA: its sample includes only 54,860 deaths with age
and sex particulars out of the 87,248 COVID-19 deaths that were estimated on the same date (i.e. 62.9
%).

This sample represents the largest available sample of COVID-19 deaths to date, and accounts for
60.2% of all deaths attributed to COV1D-19 on the same date.!® This is in comparison to the previous
samples, used for mortality estimation purposes, which relied on only a fragment of deaths, recorded
in China, the USA, and Italy 3%

2.2. Reclassification and computation of age and sex death rates

With the exception of England and Wales and the Netherlands, deaths were not available by sex and 5-
year age group. In the remaining countries of our sample, deaths were available by sex and various age
groups (mostly 10-year and 20-year age groups). For this reason, quinquennial death rates by sex had
to be estimated for these countries. Appendix 2 provides details of the reclassification procedures we
followed and Appendix 3 displays the COVID-19 death rates by age and sex for each country
computed from the original data.

Reclassified deaths were then collected into three different datasets:

e USA
o Western Europe (Belgium, France, Germany, Italy, the Netherlands, Spain, Sweden, and the
England and Wales)

e All: USA and Western Europe
Age- and sex-specific death rates were then computed after adjustment for coverage levels, using the
corresponding age and sex population figures for 2020, as estimated by the United Nations. ** The
resulting series of death rates were then compared with the Gompertz equation, which is commonly
used in adult mortality analysis.**
Two observations are worth noting concerning our methodology. First, age- and sex-specific death
rates were tested for consistency in each country (see Appendix 3), prior to their inclusion in the
database, which precluded the use of data from countries with small numbers of reported COVID
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deaths. Second, COVID death rates in our sample remain underestimated, as the actual death toll is
still incomplete because of the ongoing pandemic combined with the under-registration of COVID-19
deaths outside of hospitals.

2.3. Estimation of the potential impact of age—and sex structures on COVID-19
mortality

Detailed age- and sex-specific death rates allowed us to go one step further in measuring COVID-19’s
potential impact. We aimed to apply the same mortality schedule to populations with different age and
sex gtructures, in order to simulate the impact of COVID mortality and to compare the resulting effect
on overall mortality. Our procedure was as follows:

o Weapplied the COVID-19 death rates, derived from our sample, to the 2020 age and sex
structures (United Nations data).

e Weobtained asimulated number of deaths and then computed COV1D-19 dezth rates for al
national and regional populations.

e Thereafter, we computed a standardized COVID-19 structural vulnerability index (CSVI), by
dividing all simulated death rates by the average world death rate.

This standardized CSV| index indicates whether specific regions or countries would be relatively more
or less affected by COVID-19 mortality. By definition, CSV | took a value of one for the entire world.
CSVI reached values of greater than 1 in older countries, and lower than 1 in countries with younger
age structures.

While COVID death rates used herein are underestimated, this underestimation should have a limited
influence on the standardized COVID-19 vulnerability index, as CSVI is a comparative ratio, based
only on the age schedule of deaths by sex in our sample and not on its level. In theory, different age
patterns of COVID-19 mortality, in countries not covered in our sample, may bias this index slightly.
However, we ran the same simulations using the mortality patterns of the USA and Western Europe
and found that the resulting differences in the level of vulnerability index were negligible (results
available on request).
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3. Findings

In this section, we first examine the distribution of COVID death rates in our sample by age and sex,
and then we compare them with the general observed death rates worldwide over in 2015-20. Next,
we examine the sex differentials by age and region. Finally, we evaluate the differential impact of age
and sex structures on the overall level of COVID-19 mortality worldwide.

3.1. Age schedule of COVID-19 mortality
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Figure 1: COVID-19 death rates by age and sex in death per million inhabitants, M ay 15,
2020
Notes: see Appendix 2 for detail on methods used

Figure 1 presents the COVID death rates computed for the different samples, by age for men and
women (see also Appendix 4 for rates). It may be noted that, at the outset, COVID death rates tend to
be negligible below age 15 in all the death samples used herein. The total number of deaths below
age 15 in our sample is 14 deaths. As a result, death rates below 15 are computed on extremely rare
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events and are not significantly different from zero. Therefore, the rest of the analysis focuses on
mortality from age 1519 years upwards.

The different series follow an almost parallel pattern of sustained growth in death rates, from age 15
onward. The age gradient of COVID-19 mortality is pronounced, and death rates double for every six
years of age. In fact, the charts show that death rates tend to increase tenfold for every 20 years of age
(Table 1). Among all the women in the sample, COVID-19 mortality rates increase from alow 1.4 per
million, at age 20, to 14 at 40, 127 at 60 and finally 1388 at 80. The other samples showed similar
trends in female and male mortality.

In comparison, general mortality increased more gradually: from age 35, death rates from the world
life table for 201520 increased by a factor of 5.5 for every 20 years of age. These steeper age
gradients of COVID-19 mortality are typical of low-mortality settings, such as those found in
industrialized countries, from which our death sample is drawn. Age-specific COVID-19 death rates
may be less steep in moderate- or high-mortality countries, such as Asia, sub-Saharan Africaand Latin
America, for which we currently have no disaggregated age data.

Gomper tz equation* Doubling time Progression ratioin
R* ot r2 (vears) 10years 20years
USA
Male 0.65 0.1016 0.981 6.8 28 7.6
Female 0.23 0.1082 0.993 6.4 3.0 8.7
Western Eur ope
Male 0.16 0.1220 0.998 57 34 115
Female 0.10 0.1182 0.999 59 33 10.6
Entire sample
Male 0.35 0.1118 0.994 6.2 31 94
Female 0.15 0.1132 0.997 6.1 31 9.6
Life table of the world, 2015-20**
Male 102.90 0.0828 0.996 8.4 23 5.2
Female 51.10 0.0876 0.992 7.9 24 5.8

*The Gompertz model is: d(x)= R.e “*where d(x) isthe death rate at age x, while R and a are positive parameters
capturing the level and progression of mortality respectively.

** Computed from the average world life tables in 2015-19 from age 35 years

Table 1. Agegradient of COVID-19 death ratesand of theworld’saverage life tablesfor 2015—
20

The extreme regularity of the increase in death rates by age, in all our samples after age 15,
corresponds to an exponential growth of age-specific rates. COVID-19 death rates follow a typical
mortality schedule, akin to the standard Gompertz equations used in adult mortality analysis (an
alternative Weibull model proved less accurate).” The results of the regressions, shown in Table 1,
point to very high correlation levels (rz>.98) from age 15 to 90+. However, when we examined these
more closely, we found that the age gradient of COVID mortality was dightly more pronounced in
Western Europe, with death rates progressing faster there, with age, than in the USA.

3.2. Sex Differentials

Using these death rates, we can also compute the sex differentials of COVID-19 mortality. Figure 2
displays the sex ratio of mortality rates, computed as the ratio of male to female death rates by age
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group. We have also added the sex ratio of mortality for the life tables of the entire world for 2015—
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Figure2: Sex ratio of COVID-19 death rates by sex of world mortality death ratesin 2015-20

It is well accepted that mortality is lower for females of all ages in most countries of the world. The
world life table illustrates that the sex ratio of death rates is indeed greater than 1, and it gradually
increases among adults, peaking at 1.6 before age 60. A comparison of the sex ratio of ordinary
mortality and that of COVID-19 death rates, computed from our samples, demondtrates similar age
schedules of mortality differentials. However, our comparison of series, in Figure 2, also emphasizes
the presence of sex differentials that are unique to COVID-19 mortality.

The sex ratio of COVID-19 desath rates increases rapidly; from a low ratio among the youth close to
one, when death rates are infinitesimal, to aratio of 2.5 at age 40-4 and 55-59. It gradually declines
from this extreme level of excess male mortality, as men grow older, but it remains above 1.4 for the
oldest age group of our series. Overall, the sex ratio of mortality appears considerably skewed— a
feature that may not be explained merely by the different immune systems of adult men and women®.

The sex ratio of COVID-19 mortality differs between two samples. In the USA, the male mortality
disadvantage tends to peak much earlier among 40—44-year-olds, compared to Western Europe, where
it culminates among adults in their late fifties. The difference between mortality sex ratios, in the two
samples, may be related to age at infection and to other unknown vulnerability factors linked to the
case-fatality rates, which are specific to each region.”**

3.3. Impact of age and Sex Structure on Mortality

This section examines the impact of demographic structures on potential COVID-19 mortality with the
help of the COVID-19 structural vulnerability index (CSVI, see section 2). Table 2 presents the results
of this comparative exercise for regions of the world. Regional variations in the COVID-19 structural
vulnerability index are extremely pronounced. CSV1 ranges from 28%, in Middle and Western Africa,
to 260% in Western and Southern Europe. This indicates that, given similar age and sex patterns of
COVID-19 mortality, countries in Western and Southern Europe would record almost ten times more
deaths, proportionally, than in Western or Middle Africa. Variations of similar magnitude can also be
computed by using the World Bank’s income levels, with the richest countries being aimost seven
times more vulnerable to COVID-19 mortality than less developed countries.
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Region CsvI*
World 100%
High-income countries 218%
Middle-income countries 83%
Upper-middle-income countries 109%
Lower-middle-income countries 61%
L ow-income countries 33%
Sub-Saharan Africa 30%
Eastern Africa 30%
Middle Africa 28%
Southern Africa 50%
Western Africa 28%
Northern Africaand Western Asia 62%
Northern Africa 59%
Western Asia 64%
Central and Southern Asia 64%
Central Asia 57%
Southern Asia 64%
Eastern and South-eastern Asia 119%
Eastern Asia 136%
South-eastern Asia 76%
Australia/New Zealand 191%
Oceania (excluding Australia and New Zealand) 42%
Eur ope 219%
Eastern Europe 170%
Northern Europe 223%
Southern Europe 264%
Western Europe 257%
Northern America 192%
Latin America and the Caribbean 100%
Caribbean 121%
Central America 83%
South America 104%

*: The CSVI index is computed as the ratio of potential COVID-19 death ratesin various regions to the CSVI
for the entire world.
Rates for individual countries are available from the author

Table 2: COVID-19 structural vulnerability index by world regions (seetext for definition)

A separate analysis of the impact of age structures by sex shows that age composition matters much
more to COVID mortality than sex composition (not reported here). This is due to the fact that age
structures are much more heterogeneous across the world, because of the large variations in fertility
levels, which have been observed in the past thirty years, and their direct impact on the proportion of
elderly personsin populations.
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The CSVI of individual countries is shown on the world map, in Figure 3. Several large countries,
such as Brazil, China, Mexico and Turkey, are in an intermediate situation, with a vulnerability index
to COVID-19 similar to the world average. However, the index ranges more widely across the world
than across regions, ranging from 25% to 355%. The countries with lowest indexes include Uganda
(20%), Zambia, Angola, Burkina Faso, and Mali (all <25%). The countries with the lowest
vulnerability index, outside sub-Saharan Africa, include Afghanistan (27%), Yemen and the United
Arab Emirates (30%).

Vulnerability to COVID-19 mortality
Ratio to world average

m 3 times greater than average
2-3 times greater than average
1.2-2 times greater than average
close to the world average
1.2-2 times lower than average
2-3 times lower than average
B at least 3 times lower than average

Figure3: COVID-19 structural vulner ability index (CSVI) of individual countriesin 2020
(see text for definition)

In contrast, the countries that are potentially the most exposed to COVID mortality have indices above
250% and include France, Spain, Portugal, Germany, Greece and Italy in Western and Southern
Europe. The highest value is observed in Japan (355%). The ratio between the least and most
vulnerable countries is in a proportion of one to 17. This suggests that an overal death rate from
COVID-19 would be 17 times lower in Uganda than in Japan, if both countries were to experience the
same age and sex-specific death rates, when computed on our sample.

The vulnerability index tends to be especially high in those countries that have been most affected by
COVID-19 mortality, such as Italy or Belgium.(8,13) The CSVI emerges in fact as a powerful
predictor of COVID-19 mortality rates. As Figure4 indicates, higher levels of COVID-19
vulnerability are associated with higher COVID-19 death rate among 188 countries for which we had
both indicators. The correlation coefficient (r2) between CSVI and current COV ID-19 death rates (log
tranformed) at country level is as high as .44. This suggests that aimost half of the variations
observed today in COVID-19 mortality across the world can be attributed to the specific age and sex
structures of affected countries.
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Figure4: COVID-19 structural vulnerability index (CSVI) and current mortality rates of
individual countries (see text for definition)

We may, however, notice that the correspondence between potential vulnerability and actual COVID-
19 mortality is far from perfect. Some countries, which are highly vulnerable to the pandemic, such as
Japan, Greece or Bulgaria, have remained almost untouched by COVID-19 mortaity so far. In
contrast, some hard-hit countries, such as Iran, Ecuador or Peru, display CSVI levels that are below 1.
Many other factors have contributed to COVID-19 mortality, observed so far, such as the date of the
onset of the pandemic, public health infrastructures and the policies introduced to combat the virus,
population density and mobility, and the magnitude of exchanges with the main core infection zones.

4. Discussion and Conclusion

The recent publication of disaggregated information on COVID-related mortality from western
countries represents a breakthrough in the demographic analysis of COVID mortality.” It permits the
comparative study of its potential impact, by both age and gender, on populations of different
structures. In this paper we have assembled the largest database available today, which is based on the
age and sex characterigtics of 183,619 deaths, attributed to COVID-19. These deaths occurred since
the beginning of 2020, in nine different countries, and represent 61% of all deaths attributed to
COVID-19 today.

Our analysis of this unique dataset shows the regularity of the digtribution of COVID deaths and their
age and sex patterns of COVID mortality in industrialized countries. Incomplete coverage and the
unfinished character of the pandemic have directly and undeniably affected the intensity of mortality
and, consequently, the level of absolute death rates has not been highlighted herein. In spite of these
potential shortcomings, we can already draw several lessons from our analysis:

o Reported cases of deaths, below age 15, are too few to allow an estimation of COVID-19
mortality below this age.

e COVID death ratesincrease with extremely regularly from age 15 to 90+ and follow a typical
exponential Gompertz model, with rates doubling every six years.

e Theage gradient of COVID mortality is steeper than that of ordinary mortality, causing a
greater concentration of deathsin old age.

o Sexdifferentialsin COVID mortality are unusually pronounced, with the mortality rates of
men aged 25-80 being two times greater than those of women.

e The considerable variations in the potential impact of COVID mortality, between world
regions, in relation to their demographic structures.

e Individual countriesvary intheir vulnerability to COVID mortality by afactor of oneto 17
because of the proportion of elderly personsin their populations.
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e The COVID-19 vulnerability index accounts for 46% of the variationsin current COVID-19
mortality observed across the world.

Our analysis has also highlighted new questions that require in-depth statistical, clinical and
epidemiological attention. We suggest a non-exhaustive list of such unresolved issues, as follows.

e Thefactors behind the steeper age gradient of mortality in Western Europe

e The potential biasin demographic estimation, because of the better registration of COVID
deaths that follow hospitalization as compared to deaths in old age homes or at home.

e The nature of factors accounting for the pronounced excess COVID mortality observed among
men at all ages.

e The similarity of age schedules of COVID mortality in countries and regions not sampled
here, such as China, India, Iran, Latin America, and Eastern Europe.

A final caveat isthat our analysis relies on datasets that suffer from two main potential limitations: the
under-registration of the various forms of COVID-related excess mortality and the non-availability of
disaggregated demographic information for many countries outside Western Europe and the USA. We
hope that national statistical offices, from other countries affected by COVID mortality, will soon
enrich the demographic sources used in this paper.
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Appendices

Appendix 1: Data sources

Country COVID-19 Deaths | Website Detail

Number Rate

Per M
World 303707 39 | https://www.worldometers.info/coronavirus/#countries dCe(;t\alsD&Q
USA 86912 263 | https://www.cdc.gov/coronavirus/2019-ncov/cases-updates/index.html 10-year by sex
UK 33614 495 httpsE//www.ons gov.uk/peopl epopul ationandcommuni ty/heal thandsocial care/conditi ons 5yeer by sex
anddiseases
Itay 31368 519 | https://www.epicentro.iss.it/coronavirus/ 10-year by sex
France 27495 420 http;//www.data. gouv.fr/fr/datasets/donnees-hospitalieres-rel atives-a-l epidemie-de- 10-year by sex
covid-19/
Spain 27301 584 https://www. mschs.gob.es/profesi onal es/sal udPubli calccayes/a ertasA ctual/nCov- 10-year by sex
China’/home.htm
Brazil 13999 66 | https://covid.saude.gov.br/ N.A.
Belgium 8959 773 | https://epistat.wiv-isp.be/covid/ 20-year by sex
Germany 7928 95 | https://www.rki.de/DE/Home/homepage node.html 10-year by sex
Iran 6854 82 | https://behdasht.gov.ir/ N.A.

Netherlands 5500 296 https://vyww.rlvm.nllewnovd-coronaV|rus-cowd-lglcurrent-lnformatlon-about-novel- 5-year by sex
coronavirus-covid-19

https://www.canada.ca/en/public-heal th/services/diseases/coronavirus-disease-covid-

Canada 5472 145 19.himl 20-year or sex

China 4633 3 | http://www.nhc.gov.cn/xcs/yatb/list gzbd.shtml N.A.

Mexico 4477 35 | https://coronavirus.gob.mx/datos/ N.A.

Turkey 4007 48 | https://covid19.saglik.gov.tr/ N.A.

Sweden 3529 350 hnps://www.fol khalsomyndigheten.se/smittskydd-beredskap/utbrott/aktuel | a- Hybrid
utbrott/covid-19/

India 2649 2 | https://www.mohfw.gov.in/ N.A.

Russia 2418 17 | https://xn--80aesf pebagmfblcOaxn--plai/ N.A.

Ecuador 2338 133 | https://www.sal ud.gob.ec/gacetas-epidemiol ogi cas-coronavirus-covid-19/ N.A.

Peru 2267 69 | https://covid19.minsagob.pe/ N.A.

United . . Age and sex

Nations https://populati on.un.org/wpp/ Sructures

o COVID-19
INED https://dc-covid.site.ined.fr/en/ deaths

Table 3: Data sourcesfor population structuresand for deathsin countrieswith more than 2000
COVID-19 deaths
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Appendix 2 Standar dization of age and sex-specific COVID-19 rates

The age and sex classifications of original COVID-19 deaths vary greatly by country. Hereunder, we
describe the original data format of each country and the methods this study used to reclassify the
deaths, by age and sex, into five-year deaths by sex.

England, Wales and the Netherlands:
o deaths already available by 5-year age groups and sex
USA, Italy, Spain, France, and Ger many:

e deaths are available by 10-year age groups and sex
o ratesby 5-year age groups and sex were estimated by computing the geometric mean of
rates of adjacent ages
o estimated desths by 5-year age groups and sex were computed from rates, and then
standardized to tally observed death totals by sex.

Belgium

o deaths are available by 20-year age group and sex
o deaths were redistributed into 10-year groups, using ratios deduced from computed
European COVID-19 rates
o the same procedure as described for the USA, Italy, Spain, France, and Germany was
then followed to estimate the 5-year rates.

Sweden
o Deathsare available in ahybrid age format (5-, 10-year and larger age groups).
o Desathsby sex, in broader age groups, were redistributed into five-year age groups using
the proportions computed for the Netherlands

The comparative number of deaths and deaths rates are taken from estimates given by Worldometer on
May 15, 2020, to compute the coverage rate of age and sex statistics.™.

Deaths for each country were reweighted to adjust for variations in coverage (reweighted deaths=
sample deaths/coverage rate).
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Appendix 3: COVID-19 death ratesin the nine sample countries
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Figure5: COVID-19 death rates by age and sex per million people based on original death data, May 15, 2020.

e Ageformat varies (see Appendix 2)

e Computed on raw death counts

o Ratesbelow .1 per million not shown

e Ratesshown at the middle of the age group (e.g. 12.5 for the 0-24 years)
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Appendix 4: estimation of age- and sex-specific COVID-19 death ratesin three samples.

USA Western Europe Entire sample
Male | Female | M/F* Male | Female M/F* Male Female M/F*
04 0 0 96% 0 0 2% 0 0 71%
59 0 0 162% 0 0 65% 0 0 106%
10-14 1 0 192% 0 0 62% 0 0 120%
15-19 2 1 190% 1 1 163% 1 1 179%
20-24 4 2 197% 2 1 144% 3 2 177%
25-29 11 5 214% 5 3 167% 8 4 198%
30-34 24 10 234% 9 5 184% 16 7 219%
35-39 41 16 259% 15 9 172% 28 12 227%
4044 70 26 266% 30 13 224% 48 19 250%
4549 119 47 254% 56 27 211% 84 36 236%
50-54 189 79 238% 107 14 245% 143 59 242%
55-59 282 129 219% 211 74 286% 244 99 246%
60-64 420 205 205% 389 138 282% 404 171 237%
65-69 626 317 198% 691 246 281% 661 279 237%
70-74 956 515 186% | 1264 489 258% | 1121 501 224%
75-79 1494 876 170% | 2281 958 238% | 1977 925 214%
80-84 2357 1543 153% | 3869 1852 209% | 3224 1730 186%
85-89 3756 2811 134% | 5798 3076 188% | 5136 2991 172%
90+ 6570 5254 125% | 9786 6077 161% | 9168 6382 144%
*M/F: sex ratio of age specific mortality rates (in %)
Rates computed on deaths adjusted for national coverage level (see Appendix 2)
All rates given per million people.

Table 4: COVID-19 death rates per million people by age group and sex, USA, Wester n Eur ope
and entire sample, 15 May 2020.
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