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ABSTRACT

Excess death estimates have great value in public health, but they can be sensitive to
analytical choices. Here we propose a multiverse analysis approach that considers all possible
different time periods for defining the reference baseline and a range of 1 to 4 years for the
projected time period for which excess deaths are calculated. We used data from the Human
Mortality Database on 33 countries with detailed age-stratified death information on an annual
basis during the period 2009-2021. The use of different time periods for reference baseline led
to large variability in the absolute magnitude of the exact excess death estimates. However, the
relative ranking of different countries compared to others for specific years remained largely
unaltered. The relative ranking of different years for the specific country was also largely
independent of baseline. Averaging across all possible analyses, distinct time patterns were
discerned across different countries. Countries had declines between 2009 and 2019, but the
steepness of the decline varied markedly. There were also large differences across countries on
whether the COVID-19 pandemic years 2020-2021 resulted in an increase of excess deaths and
by how much. Consideration of longer projected time windows resulted in substantial shrinking
of the excess deaths in many, but not all countries. Multiverse analysis of excess deaths over
long periods of interest can offer a more unbiased approach to understand comparative mortality
trends across different countries, the range of uncertainty around estimates, and the nature of

observed mortality peaks.
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Calculation of excess deaths is considered to be a very useful tool for estimating patterns
of mortality changes over time in different countries and the impact of major events, such as
pandemics (1-3). Excess deaths are meant to capture the composite sum of perturbations in
disease incidence and other factors, including social, health care, lifestyle and natural
catastrophes that may shape population fatalities in a given year. However, excess death
calculations can lead to controversy with different teams of researchers generating markedly
different estimates for the same country and year(s) (4-6). The reason is that the calculation of
excess deaths requires making analytical choices for which there is no consensus. Specifically,
one needs to select a reference baseline period (a time window in the past that will be used for
extrapolating how many deaths would be expected in subsequent years) and a projected period
(the time window for which an excess death estimate is made by comparing the observed versus
expected number of deaths based on the past experience). Moreover, one should decide whether
there are any time patterns and what is the form of these time patterns (e.g. whether overall
mortality should be declining or increasing over time and, if so, in what form, e.g. linear or
spline fit). Empirical work and simulations (4-10) have shown that these choices can make a
substantial difference in the obtained excess death estimates.

When results depend on analytical choices, one methodological strategy is to explore the
full range of results that can be obtained when a wide range of possible analytical choices and
combinations thereof are considered (11-20). Analyses may range from a few dozen to several
million different options (e.g. in selecting covariate sets in regressions) (15,17). Different
terminology has been used for such approaches that generalize the concept of sensitivity analysis.
Commonly used terms are “multiverse analysis” (11-14), “vibration of effects” (16-18) and

“multi-analyst analysis” (19,20) (when multiple researchers are each asked to select
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independently their preferred analysis). Here, we propose a multiverse approach for excess
deaths. Instead of making unavoidably arbitrary choices in selecting reference baseline and
projected periods, we consider all possible reference baseline periods and projected periods in
adjacent year time windows during a lengthy period of interest. Instead of prespecifying time
patterns, this multiverse approach allows the data to demonstrate what might be the time patterns
and how sensitive the results are to different analytical choices. All possible choices are
considered for reference baseline periods (extending as far back as 2009). The multiverse
approach also allows us to understand to what extent excess death estimates may shrink when
longer projected periods are considered, in the range of 1-4 years. If perturbations lead to excess
deaths increases due to the demise of individuals with limited life expectancy (21), then excess
death peaks that are seen with short projected periods (e.g. 1 year) will diminish or even
disappear when longer projected periods are considered. People who died at some point due to
the perturbation would have died very soon anyhow. Conversely, if perturbations result in
mortality peaks due to deaths of people who had long life expectancy, extending the projected
period window will not have the same impact.

We applied this approach to 33 high-income countries studied before (6) and which have
the most reliable data for mortality according to age-stratified groups for the extended period
2009-2021. Our aim here is to propose the multiverse method, illustrate its application, and see
how it can offer insights about evolving relative patterns of mortality over many years in each
country and how these patterns compare across countries. The multiverse approach focuses on
relative comparisons rather than on obtaining absolute estimates of excess deaths during a

specific given pandemic period. However, we have also used it to generate absolute estimates of


https://doi.org/10.1101/2022.09.21.22280219
http://creativecommons.org/licenses/by/4.0/

medRxiv preprint doi: https://doi.org/10.1101/2022.09.21.222802109; this version posted March 17, 2023. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity.
It is made available under a CC-BY 4.0 International license .

excess deaths during the pandemic period, by considering different types of down weighting of

older reference years as opposed to newer reference years.

RESULTS
Variability of excess death estimates according to reference baselines

The absolute value of excess death estimates can vary substantially depending on the
selection of reference years used for baseline. We considered all 66 possible time windows of
whole consecutive calendar years (1 to 11 years long) in the years 2009-2019 as representing
baseline values. Table 1 shows the average, standard deviation, minimum, maximum and range
for estimates of relative excess deaths (expressed as percentage of expected deaths) for the two-
year pandemic period 2020-2021 for each of the 33 countries. The average value is highly
correlated with either the maximum or minimum value but not with standard deviation or range
(correlation coefficients of 0.96, 0.95, -0.22 and -0.15, respectively). Table 1 also shows the
average excess death estimates across 66 possible time windows when different down weighting
is applied for older years in the reference range. Figure S1 shows that the average multiverse
percentage relative excess death values are highly correlated to the corresponding values
calculated with the previously used single reference period of years 2017-19 (6). The multiverse
values with the dw3 weighting scheme are very similar to those with the 2017-19 baseline. The
multiverse values averaged with equal weights for all 66 baselines are lower by 4.6 percentage

points.

Stability of relative ranking for the pandemic years’ excess deaths across 33 countries
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The estimates of relative excess deaths (as percentage of expected deaths) can be used to
compare different countries in a given time period. Despite large variabilities in the absolute
estimates, the relative ranking of the 33 countries for a given period of interest was largely
unperturbed, regardless of what reference baseline years were chosen. Figure 1 shows the
ranking of relative excess death estimates (as percentage of expected deaths) for the pandemic
years 2020-2021 in all 66 analyses with different reference baseline windows. The USA had the
highest estimates of relative excess deaths among all 33 countries in 50 of 66 analyses, the
second highest in 15 analyses and the fourth highest in 1 analysis. Conversely, South Korea had
the lowest estimates in 59 of 66 analyses, the second to lowest in 5, the third to lowest in 1, and
the sixth to lowest in 1. Eastern European and Balkan countries closely followed the USA in the
top excess death ranks consistently. Scandinavian countries, Australia, and New Zealand
consistently were placed among the lowest excess death ranks next to South Korea. Other
Western European countries typically occupied middle ranks. Figures S2A, S2B and S2C show
that the distribution of country ranks for projected periods of 1 year, 3 years and 4 years are
similar to that shown in Figure 1 for 2020-2021; summing over more years does blur the ranking

of middle-ranked countries.

Diversity in time patterns across 33 countries

Figure 2 maps the emerging time patterns for mortality in each of the analyzed countries
for the average of the 66 analyses using different reference baseline periods and the range of
maximum and minimum estimates. Although the range of estimates of relative mortality for
each given year is large, the rank of different years for a particular country is generally the same

for the 66 different sets of reference years (Figure S3). Time patterns across different countries
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show large variability as well. Differences exist both in the presence and magnitude/steepness of
time trends; and on the presence or not of peaks of mortality impact during the COVID-19
pandemic (2020, 2021, both, or neither). All countries had some decline in mortality over the
period 2009-2019, but for the USA in particular the change was minimal (change from average
of 1.27% in 2009-2010 to -1.31% in 2018-2019 for an overall decline of only 2.58%, using data
in Table S1B). The other 4 countries with the smallest changes for the averages between 2009-
2010 and 2018-2019 were Germany, The Netherlands, the United Kingdom and Canada ,
(changes of -6.65%, -8.34%, -8.49% and -8.55%, respectively). Conversely, the 5 countries with
the largest declines for the averages between 2009-2010 and 2018-2019 were South Korea,
Estonia, Denmark, Slovakia and Norway (changes of -23.3%, -19.7%, -17.1%, -16.0% and -
14.1%, respectively). For the pandemic period 2020-2021, the USA had the steepest increase
(change in average 18.00% between 2018-2019 and 2020-2021). Steep increases were seen also
in Eastern European and Balkan countries (changes in average from 10.18% to 17.46% between
2018-2019 and 2020-2021 for Slovenia, Hungary, Latvia, Croatia, Lithuania, Czechia, Slovakia
and Poland). Most western European countries had more modest disruptions of the declining
trend (changes for the averages from 1.86% to 9.98% between 2018-2019 and 2020-2021 for
Luxembourg, Germany, Switzerland, France, The Netherlands, Belgium, Portugal, Austria, the
United Kingdom, Spain and Italy). Some Scandinavian countries, Australia, New Zealand, and
South Korea continued to have declining mortality trends during the pandemic (changes for the
averages from -4.97% to -2.44% between 2018-2019 and 2020-2021 for New Zealand, South
Korea, Iceland, Norway, Denmark and Australia). Figures S4A, S4B, and S4C map the time
patterns shown in Figure S2 for periods of 1, 3 and 4 years, respectively and show how longer

projected periods reduce fluctuations.
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Table S2 and Tables S1A,B,C,D present data on the worst years. Table S1A shows that
the worst single year with the highest mortality was 2021 for 10 countries (Slovakia, Poland,
United States, Latvia, Lithuania, Hungary, Croatia, Czechia, Chile and Greece), 2020 was the
highest for 4 countries (United Kingdom, Italy, Spain and Belgium), 2010 was worst for
Luxembourg and 2009 was worst for all other 18 countries. When considering 2-year periods, in
25 of the 33 countries, 2009+2010 were the worst pair of years (Table S2). In 9 of the 33
countries (Chile, Czechia, Greece, Hungary, Italy, Lithuania, Poland, Slovakia and United States)
the pandemic years 2020+2021 were the worst, and in all of them the years 2009+2010 were the
second worst. (Table S1A & Table 3). In 16 countries, the pandemic years were not among the
three worst years, which were always years between 2009 and 2016. When considering 3 or 4
year periods, in 31 of the 33 countries 2009-2011 and 2009-2012, were the worst, respectively.
Only in Poland or the United States were period 2019-2021 and 2018-2021, which include the

pandemic years, the worst, respectively, (data from Tables SIC & S1D)

Excess death estimates in recent years using different projected period time windows

Table 2 shows the effect of changing the width of the projected period of interest from 1
to 4 years for the most recent years (2021 alone, 2020 alone, 2020-2021, 2019-2021, 2018-2021).
As shown, there is substantial attenuation of the relative excess mortality between the single
worse pandemic year and increasingly wider periods of interest. The attenuation was most
prominent when averaging over a 4-year period for Slovakia, Latvia, Lithuania, Poland, Estonia
and Croatia, with relative drops of 18.3, 15.2, 12.5, 12.4, 11.0 and 11.2 percentage points,
respectively. The attenuation was least prominent for Australia, Norway, Denmark, Iceland,

New Zealand and South Korea, with relative drops of -0.2, -0.5, -0.20, -1.0, -0.8 and -1.6,


https://doi.org/10.1101/2022.09.21.22280219
http://creativecommons.org/licenses/by/4.0/

medRxiv preprint doi: https://doi.org/10.1101/2022.09.21.222802109; this version posted March 17, 2023. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity.
It is made available under a CC-BY 4.0 International license .

percentage points, respectively. The USA maintained the most prominent peak even with a 4-
year window.

With increasing projected periods, both the mean and standard deviation of the relative
excess mortality declined substantially. For 2021, 2020-2021, 2019-2021, 2018-2021, the mean
was 2.6%, 1.5%, -1.0%, and -1.7%, respectively. The standard deviation was 9.3%, 7.2%, 5.2%,

and 4.1%, respectively.
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DISCUSSION

Our application of a multiverse approach to excess death data shows that consideration of
different periods for reference baseline resulted in major variability in the absolute magnitude of
the exact excess death estimates, but it did not affect substantially the relative ranking of
different countries compared to others for specific years. Moreover, there have been distinct
time patterns across different countries during 2009-2021. Countries differed markedly on
whether they had a substantial decrease over time or not during 2009-2021, on whether they had
a peak during the 2020-2021 pandemic years, and, if so, how high, and in the relative
contribution of 2020 and of 2021 to this peak. With longer time windows for the projected
period of interest (1 to 4 years), the range of excess deaths across different countries in the
pandemic years and the 2 years preceding the pandemic shrank substantially and excess death
estimates became less variable across countries. This suggests that it would be inappropriate to
dwell too much on small or modest differences between countries, as these are highly model-
dependent. However, peaks did not disappear and for the USA in particular, excess deaths
remained prominent even with long projected periods of interest.

In the multiverse literature from other fields, some analytical choices may be considered
more meaningful or relevant than others. When researchers are asked to select independently
what analysis mode they feel is most sensible, not all analytical choices are selected (19,20) and
some types of choices may seem to make more sense. This may apply also for excess death
calculations. E.g. it may seem not so appropriate to use a reference window of 2009 alone for
projecting mortality in 2021. The baselines created by each of the 66 different windows may
have less or more relevance to the current situation. In principle, baselines using more recent

years may be more informative for the current time. Common choices include using the last 3
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years or the last 5 years. However, examining all possible baselines allows to reveal in a
systematic manner any long-term patterns in mortality.

The obvious heterogeneity of time patterns across different countries suggests that
selection of specific time trends in modeling excess deaths may be a situation where one size
does not fit all. Selection of specific anticipated time trend patterns may markedly affect the
results in ways that are not verifiable for their appropriateness. E.g. selecting a model that
anticipates a marked decrease in mortality over time makes it difficult for a country not to have
excess deaths even if it does very well in a given year — but still falls short of an anticipated
stellar improvement over time. It should be acknowledged that age-adjusted mortality rates
usually have decreased over time in most countries in the last several decades. Standard methods
for forecasting future mortality rates and life expectancy such as the Lee-Carter forecasts (22,23)
and other methods that use time series approaches end up using some linear trends in the
modeling. However, it has been observed (24) that changes in mortality rates may differ
markedly in different years even in the same country/location and they may also differ across
different age and gender groups in the same country and same year. In the presence of major
perturbation events such as pandemics or wars and natural disasters, such modeling will
unavoidably fail. More importantly, there is no guarantee that mortality rates should continue
declining, let alone markedly decline, over time with medical and other progress, even in the
absence of major negative perturbation events (6). For advanced economies with aging
populations, accumulating frailty and disease burden and restrictions or ceilings to progress and
available resources, the typical trends for decreased mortality that were documented in the
previous decades may not be sustainable for the future. Furthermore, countries that have already

reached very high life expectancies may have less room for improvement than others that are
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lagging behind. The multiverse approach, when applied to multiple countries, allows a
comparative assessment of the trajectory of different countries. This may be preferable and it
may offer some genuine insights about which countries do well (short-term and long-term) and
which do poorly — in comparison.

In this regard, some stark differences stand out for both long-term trends and for the
pandemic years. The USA consistently performed very poorly with both stagnation in mortality
during the pre-pandemic years and a sharp increase during the pandemic. Eastern European and
Balkan countries showed sharp decreases during the pre-pandemic years and a sharp increase
during the pandemic. Most western European countries had sharp decreasing trends with modest
disruption during the pandemic. All Scandinavian countries, Australia, New Zealand, and South
Korea have had largely unperturbed declining mortality patterns. The markedly different
patterns may reflect a combination of social, health care, and pandemic factors. The USA has an
ailing health system with approximately 30 million uninsured people (25), large inequalities (26),
many people with poor access to care (27), and major ongoing non-infectious epidemics,
including obesity (28), opioid abuse and overdose (29), and violent deaths (30). More detailed
data are needed to understand which of the policies and actions during the pandemic or the pre-
existing problems were more important for shaping the poor performance in 2020 and beyond.
Eastern European and Balkan countries have limited resources for their healthcare systems and
lower social welfare than other European countries (31) and some countries like Greece have
long suffered from austerity (32). The best performers are excelling in social welfare and health
system functionality and resources, even if there are differences across countries. Exceptions
may occur within circumscribed populations and adverse settings even in countries with overall

excellent trajectories. For example, the dysfunctional consequences of privatization in nursing
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homes in countries like Sweden or Canada (33,34) translated to peaks of excess deaths during
circumscribed periods in the long-term care settings (35).

Consideration of longer projected period time windows diminished substantially the
range of excess deaths in some countries, but not in others. Overall, when longer periods are
considered, differences between most countries become less pronounced. However, larger
windows had minimal effect in the USA, and this may reflect that the problems that lead to
unfavorable mortality patterns in the USA reflect chronic dysfunctions that might have been
accentuated by the pandemic but pre-existed and which affect also people with long life
expectancy. Poverty, marginalization, homelessness, inequalities, drug overdoses, and violence
affect indeed young and middle-aged populations. We have shown previously that the USA has
had 40% of excess deaths contributed by the <65 age stratum, a higher percentage than all other
highly developed countries (6). Conversely, in many other countries, large time windows for the
projected period shrank substantially the excess death fluctuations. This suggests that in these
countries excess deaths temporarily affect mostly people with relatively limited life expectancy
(21).

Europe, while not a country, has historically aggregated excess death data in the

EuroMOMO data base (https://www.euromomo.eu/) to include data from 21 countries in Europe

plus Israel (36). If one were to aggregate data for the 19 of these 21 countries for which we have
data (excluding Cyprus & Ireland), the fictional country composite that includes Austria,
Belgium, Denmark, Estonia, Finland, France, Germany, Greece, Hungary, Israel, Italy,
Luxembourg, Netherlands, Norway, Portugal, Slovenia, Sweden, Switzerland, and United
Kingdom has a similar population to the USA (410 million versus 330 million) and the relative

excess death of this European composite is only 2.46% for the pandemic years (2020+2021),
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which is in stark difference to the USA figures. It is also less than two-year totals for 2009+2010
and 2010+2011, with values of 5.57% and 3.30% caused by elevated Influenza pandemics (37).
One may examine also the excess deaths according to the EuroMOMO model, but the model has
been criticized for low baseline values which may lead to overestimation of excess mortality in
some countries (38).

Some limitations should be acknowledged. First, there are some additional sources of
analytical flexibility that can be considered in excess death calculations. These include the
choice of age bins for age adjustment, and the use of additional adjustments for modeling the
population profile over time. For example, socioeconomic profile variables would be very useful
to incorporate (39), but these are not routinely available and standardized across many countries.
Such additional adjustments would add additional variation with more multiverse options, but
probably would not invalidate the major patterns that we observed. Second, we only modeled
data from 33 countries that are the ones with the most reliable data. Extrapolations to other
countries would be precarious, given the unreliability of the mortality information. Time
patterns observed in the 33 countries may not necessarily apply to the remaining countries
around the globe and local circumstances may make a difference. Third, we considered yearly
interval increments so as to capture all 4 seasons in the unit of time, but in theory, the multiverse
process can be applied for smaller units of time as well. Fourth, data on population and
population structure in each country on a yearly basis are typically inferred from census data
collected on more sparse timing, therefore they carry some uncertainty. Fifth, the pandemic
impact and its consequences as well as the consequences of aggressive measures that were taken
has continued more prominently in 2022 in some countries than others (40). It would be

interesting to see whether differences across countries get further attenuated and/or some
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countries continue to stand out prominently when longer pandemic and post-pandemic periods
(e.g. 2020-2022 and 2020-2023) are considered. Preliminarily results based on the first § months
of 2022, it seems that several countries with death deficit in 2020-2021 (e.g., Australia, New
Zealand and South Korea), had considerable excess deaths in 2022, while some others continued
to have limited deaths (e.g. Sweden) and some hard-hit countries like USA and Greece continued
to do very poorly (6,40). Sixth, we did not consider in the multiverse analyses any superimposed
modeling of time trends, specifically because we wanted to allow the data to show whatever
trends of patterns existed. If one were to add in the modeling also all the possible functions that
might be used to capture time trends (e.g. linear, higher power, splines, and so forth), the
analytical options would multiply far more. This explains why mortality forecasting is so
difficult and uncertain, and why there is no consensus on the best method on how to do it (41).
Mortality forecasting becomes even more difficult and uncertain when perturbation events such
as pandemics occur. The multiverse approach helps understand why obtaining accurate absolute
estimates of excess deaths is precarious. However, our approach using down weighted older
reference years may be considered, if absolute estimates are desirable (as opposed to relative
performance across years and compared with other countries). One may also down weight
previous reference years based on other features, e.g. severe flu seasons or major heat waves.

In conclusion, a multiverse approach to excess death calculations may offer bird’s eye
views on mortality patterns in comparative assessments of a large number of countries. These
patterns may be more reliably informative than efforts to obtain isolated single-country estimates
of excess deaths, which are subject to substantial uncertainty even in countries with the best-
collected data. It may be best to avoid pre-specifying time patterns and to allow the data to show

what time patterns may be emerging. Finally, observed time patterns may not necessarily
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continue into the future and multiverse analyses can be updated accordingly for additional years

moving forward.
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MATERIALS AND METHODS
Data

All data comes from the Human Mortality Database (HMD) (42-44). The data for the
most recent years comes from the Short-Term Mortality Fluctuation file stmf.csv downloaded

from https://www.mortality.org/File/GetDocument/Public/STMF/Outputs/stmf.csv (last updated

6 February 2023). The data for earlier years extending back to 2009 was downloaded as the

HMD archive file (see Supplementary Links to Data). We considered data from 2009-2021 so as
to analyze 13 years including also the years of the 2009-2020 pandemic. We focused on the 33

high-income countries with highly reliable death registration systems, excluding Bulgaria as
done in previous work (6). The most recent data in the file stmf.csv is per week and uses five
standard age-bands: 0-14, 15-64, 65-74, 75-84 and Over 85; we sum the data over the weeks
assigned to each year as done before (6). The older data in the HMD archive (downloaded on
May 25, 2022) uses 1-year age bands for annual all-cause deaths and annual populations are
available for all 33 countries. We sum these 1-year bands to give the same five standard age
bands used in stmf.csv.
Excess death calculations

In order to be able to compare different countries and different time periods we focus on
relative excess deaths expressed as the number of excess deaths divided by the number of
expected deaths. Specifically, the relative excess death p% is the actual all-cause death count, D,
minus the estimated death count, E, expressed as a percentage of the estimated death count or

p%=(D-E)/E.

Systematic Variation of Assumptions for Multiverse Analyses
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We consider all possible reference baseline periods and projected periods in consecutive
year time windows during a lengthy period of interest. Instead of prespecifying time patterns,
this multiverse approach allows the data to demonstrate what might be the time patterns and how
sensitive the results are to different analytical choices. No linear or spline or other trends are
imposed on the data; instead, such trends are allowed to be revealed by the patterns shown by
using all possible averages of reference years as the baseline.

We consider all possible reference baseline spans of consecutive years in the period
2009-2019. This gives 11+10+..+1=66 different spans of length 1 to 11 years for the 66
reference baselines. For each reference period, we average the mortality of each of the five age
bands. These averaged mortalities are then used to get the expected deaths in any year by
multiplying the mortality of a particular age band by the population of that age band and then
summing the estimated values over the five age bands to give the total estimated death count.

Projected time periods are also considered in all possible options of length 1 to 4 years,
again considering consecutive calendar years. The mortality in the pandemic years 2020 and
2021 is never considered when calculating excess death. Similarly, when calculating excess
deaths for projected periods 2018+2019+2020+2021 (or 2019+2020+2021), the years 2018-2019
(or 2019) are not considered as baselines. For analyses with different assumptions, we present
the maximum, minimum, median and IQR or mean and standard deviation, as appropriate).
Analyses with down weighting for older years

Estimates of excess deaths during the pandemic years that are averaged against all
possible reference periods may be misleading in absolute magnitude, since very early years such
as 2009 may not be as relevant as more recent years like 2019. Therefore, we also rerun the

analyses for all 66 possible combinations of reference years with various weights: (a) with
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weights decreasing linearly by 10% for each year before 2019 (i.e. 100% weight for 2019, 90%
weight for 2018, ..., 10% weight for 2010, 0% weight for 2009); (b) with weights decreasing by
5% for each year before 2019 (i.e. 100% weight for 2019, 95% weight for 2018, ..., 55% for
2010, 50% for 2009); (c) with weights decreasing by half for each year (i.e. 100% weight for
2019, 50% weight for 2018, 25% weight for 2017, 12.5% weight for 2016, 6.25% weight for
2015, 3.125% weight for 2014, 1.563% for 2013, 0.781% for 2012, 0.390% for 2011, 0.195% for
2010, 0.098% for 2009). In all 3 weighting schemes, the weighted average of the 66 options is
obtained, weighting each option by the average weight of the reference years that it contains.
For example, the 2018-2019 reference years option is weighted by a factor of 1.9/2=0.95,
1.95/2=0.975, and 1.50/2=0.75, for each of the three weighting schemes above, respectively.
The 2017-2019 reference years option is weighted by a factor of 2.7/3=0.9, 2.85/3=0.95, and

1.75/3=0.58, respectively.

Data availability
All data are in the manuscript, tables, and supplementary tables and in the publicly

available databases listed in Supplementary Links to Data and deposited online at

https://zenodo.org/record/7095753 .
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Table and Figure Legends

Table 1: Average, standard deviation, minimum, maximum and range for estimates of relative
excess deaths (expressed as percentage of expected deaths referred to as p%) for the two-year

pandemic period 2020+2021 for each of the 33 countries.

Table 2: Effect of changing the projected period of interest from 1 to 4 years for the most recent
years: 2021 alone, 2020 alone, <2 Years> = 2020+2021, <3 Years> = 2019+2020+2021, and

<4 Years> = 2018+2019+2020+2021).

Figure 1: Distribution of the country rank of the excess death estimates (from highest to lowest)
in the pandemic 2-year projected period 2020+2021 expressed as a percentage of the expected
deaths for the 33 countries as calculated for each of the 66 different reference baseline year sets.
The countries are ordered by decreasing average rank (column 3); the standard deviation of the
rank is given in column 4. For 23 countries, the most common occurrence is on the diagonal.
For the 6 countries between Austria and Germany, the average rank is between 16.2 and 19.9 and
the rank order is ambiguous. For 21 countries the most common rank occurrence is on the

diagonal.

Figure 2: Variation with year from 2009 to 2021 of the excess death estimates expressed as a
percentage of the expected deaths. The expected deaths are estimated from the average mortality
values of each of the 66 different reference year-sets, which are all combinations of one or more
consecutive years from 2009 to 2019. The y-axis of every panel extends from -22% to 22%.

The plots for different reference year sets are almost identical but shifted along the y-axis by
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different amounts. The two year predicted period, which is particularly significant as the
complete pandemic years are 2020+2021, is shown here; other projected periods with 1, 3 and 4
years are shown in Figures S4 A, B &C. The salmon shading marks the range of all 66 reference
periods, the purple shading marks the range between the first and third quartile and the black shows the
median for the reference periods. The 3-letter country abbreviations are: AUS: Australia, AUT: Austria,
BEL: Belgium, CAN: Canada, CHE: Switzerland, CHL: Chile, CZE: Czechia, DEU: Germany, DNK:
Denmark, ESP: Spain, EST: Estonia, FIN: Finland, FRA: France, GBR: United Kingdom, GRC: Greece,
HRV: Croatia, HUN: Hungary, ISL: Iceland, ISR: Israel, ITA: Italy, KOR: South Korea, LTU: Lithuania,
LUX: Luxembourg, LVA: Latvia, NLD: Netherlands, NOR: Norway, NZL: New Zealand, POL: Poland,

PRT: Portugal, SVK: Slovakia, SVN: Slovenia, SWE: Sweden, and USA: United States.
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Table 1

Average Minimum |Maximum [Range| Average p% | Average p% | Average p%
Country p%g SDp% | e, p% p%g dwl w2 dwd

Australia -9.5 3.0 -15.7 -2.6 13.1 -7.6 -8.9 -4.8
Austria 2.8 3.0 -3.7 8.8 12.5 4.7 3.4 7.1

Belgium 0.9 3.0 -5.5 8.3 13.8 2.8 1.5 54
Canada 0.1 2.0 -6.9 4.8 11.8 1.3 0.5 2.8
Switzerland -1.5 3.0 -8.3 5.5 13.8 0.4 -0.9 3.4
Chile 6.4 3.9 -1.7 15.0 16.8 8.8 7.2 12.8
|Czechia 10.2 3.9 1.0 18.0 16.9 12.6 11.0 15.5
Germany 1.1 1.9 -4.3 4.6 8.9 2.2 1.5 3.1

Denmark -7.6 4.0 -18.6 -0.2 18.3 -5.1 -6.8 -2.9
Spain 3.6 2.2 -2.6 10.9 13.5 4.9 4.0 7.1

Estonia 0.8 4.8 -11.6 10.1 21.7 3.8 1.8 7.1

Europe 2.5 2.2 -3.5 7.8 11.3 3.8 2.9 5.6
Finland -5.3 3.1 -11.8 1.6 13.4 -3.3 -4.6 -0.9
France 2.6 2.0 -3.6 6.4 10.0 3.8 3.0 5.0
United Kingdom 4.2 1.9 -1.2 10.1 11.3 5.3 4.5 7.1

Greece 5.6 2.8 -1.3 10.7 12.0 7.2 6.2 8.4
Croatia 7.0 3.1 -1.2 14.9 16.1 8.9 7.7 11.5
Hungary 6.8 2.7 0.5 13.1 12.6 8.5 7.4 10.5
Iceland -7.3 2.1 -12.2 2.1 10.1 -6.4 -7.0 -4.4
Israel -1.5 2.9 -7.0 4.6 11.6 0.3 -0.9 2.7
Italy 55 2.4 -0.4 10.8 11.2 6.9 5.9 8.9
South Korea -13.8 53 -24.7 -1.2 23.5 -10.4 -12.7 -5.8
Lithuania 8.6 33 2.1 18.8 16.8 10.6 9.3 14.4
Luxembourg -2.8 3.9 -10.7 3.8 14.5 -0.5 -2.0 1.4
Latvia 7.1 3.2 -1.0 14.0 15.0 9.0 7.7 11.1
Netherlands 2.5 2.0 -2.5 7.8 10.4 3.7 2.9 54

Norway 94 3.6 -16.0 -14 14.7 -7.1 -8.6 -3.9
New Zealand 9.1 2.5 -15.5 -4.2 11.3 -7.6 -8.6 -6.1
Poland 14.3 3.5 4.0 19.9 15.9 16.4 15.0 17.9
Portugal 2.8 2.7 -4.4 8.1 12.5 4.5 3.4 6.2

Slovakia 9.9 4.4 0.3 20.3 20.0 12.7 10.8 16.4
Slovenia 4.7 3.4 -4.0 11.8 15.7 6.8 54 9.4

Sweden -6.7 3.4 -12.4 4.2 16.7 -4.5 -6.0 -0.7
United States 16.7 0.8 14.4 18.7 43 17.1 16.8 17.7

dw: down weighting older years; see Methods for the description of the three different down weighting schemes.
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Table 2

<2 Years>| <3 Years> | <4 Years> max max max

Country 2020 | 2021 | 2020 | 2019+2020 | 2018+2019 (20;?;12‘?31) (20;?;12‘?821) (20;?;12‘?821)
+2021 +2021 +2020+2021 < Years> <3 Years> <4 Years>

Australia -10.6 -8.4 -9.5 -8.5 -8.2 1.1 0.2 -0.2
Austria 3.2 2.4 2.8 0.1 -0.9 0.4 3.2 4.1
Belgium 7.5 -5.5 0.9 -1.6 2.1 6.5 9.1 9.6
Canada 0.5 -0.3 0.1 -1.4 -1.5 0.4 1.9 2.1
Chile 3.1 9.7 6.4 1.9 -0.2 3.2 7.7 9.9
Croatia 2.0 12.0 7.0 2.4 0.9 5.0 9.6 11.2
Czechia 6.4 14.0 10.2 4.7 2.5 3.8 9.3 11.5
Denmark -8.6 -6.5 -7.6 -7.5 -6.4 1.0 0.9 -0.2
Estonia -6.5 8.0 0.8 2.3 -3.0 7.2 10.3 11.0
Finland -6.1 -4.5 -5.3 -5.8 -5.3 0.8 1.2 0.8
France 3.9 1.3 2.6 0.6 -0.1 1.3 3.3 4.0
Germany -0.1 2.4 1.1 -0.3 -0.4 1.2 2.7 2.7
Greece 1.1 10.1 5.6 3.1 1.2 4.4 7.0 8.9
Hungary 1.7 11.9 6.8 2.7 1.4 5.1 9.2 10.6
Iceland -7.0 -7.6 -7.3 -6.6 -6.1 0.3 -0.4 -1.0
Israel 2.1 -0.9 -1.5 -2.6 -3.3 0.6 1.6 2.4
Italy 8.9 2.1 5.5 2.1 0.5 3.4 6.8 8.3
Latvia 2.5 16.6 7.1 2.7 1.4 9.5 13.9 15.2
Lithuania 3.9 13.4 8.6 2.9 0.9 4.7 10.5 12.5
Luxembourg -0.5 -5.0 -2.8 -3.9 -3.7 2.3 3.4 3.2
Netherlands 3.3 1.8 2.5 0.1 -0.4 0.7 3.2 3.7
New Zealand -10.7 -7.5 9.1 -7.4 -6.7 1.6 -0.1 -0.8
Norway -10.1 -8.6 -9.4 -8.9 -8.2 0.7 0.3 -0.5
Poland 10.4 18.1 14.3 8.2 5.7 3.8 9.9 12.4
Portugal 3.6 2.0 2.8 0.3 -0.3 0.8 3.3 3.9
Slovakia -0.4 19.9 9.9 3.8 1.7 10.0 16.1 18.3
Slovenia 7.5 1.9 4.7 1.0 -0.3 2.9 6.5 7.9
South Korea -13.8 -13.7 -13.8 -13.4 -12.1 0.1 -0.3 -1.6
Spain 8.7 -1.5 3.6 0.2 -0.4 5.1 8.5 9.1
Sweden 2.4 -10.8 -6.7 -7.9 -7.2 4.2 5.4 4.7
Switzerland 2.9 -5.8 -1.5 -3.2 -3.7 4.4 6.1 6.6
United Kingdom 6.1 2.3 4.2 1.0 0.3 1.9 5.0 5.8
United States 15.7 17.6 16.7 10.6 7.8 1.0 7.0 9.9
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Figure S1: Comparing the multiverse relative excess death, p%, calculated with the 66 reference periods with p% for the
single reference period (years 2017 to 2019) published before (6). The multiverse p% values are calculated with dw3
weighting and no weighting (dw0). The fitted linear trends show that dw3 p% values are much closer to 2017-19 p%
value with high correlation of 0.997 and average shift of -1.1 percentage points. For the dwO0 fit, the correlation is still
high at 0.971 but the data is more scattered and the values shift downward by 4.6 percentage points. The gray line is
diagonal and shows where y=x.
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Figure S2A: Distribution of the rank of country relative excess death estimates (highest to lowest) in the one-year projected period 2021 for the 33
countries as calculated for each of the 66 different reference baseline year sets. The countries are ordered by decreasing average rank (column 3); the
standard deviation of the rank is given in column 4. The country rank is ambiguous for the seven countries between Germany and Netherlands. High-
and low-ranking countries are less ambiguous. For 22 countries the diagonal entry occurs most often.

Rank Number of rank occurrences in sort from highest to lowest p% for single year 2021
Country

AVE SD |1(2|3(4|5|6|7|8|9|10(11|12(13|14|15(16|17(18|19|20|21|22(23|24(25|26(27|28(29|30|31(32|33
Slovakia 1.33 0.56 i16 3
Poland 242 0.55 40 (24| 2
United States 2.98 1.67 |19| 8 |[13|15|4 | 6 | 1
Latvia 3.58 0.55 2 (2440
Czechia 526 0.84 16 [40(15(2 |2
Lithuania 5.74 0.93 1[3|19/36|4 (2|1
Croatia 7.45  0.96 312|31(24|5 1
Hungary 7.73  0.85 412132 7|2
Chile 948 1.18 1|7 |3[11|36| 8
Greece 9.48 0.89 1 42111 |12
Estonia 10.86 1.69 1 3 1740 1 1 1|11
Germany 14.02 2.10 18(19|8 |6 |5(5(2|1|2
United 1450 2.23 3(13/13|7 |49 (114 |2
Austria 14.74 2.72 24|56 |7|4|4|8|6|1]|1
Italy 15.20 1.84 2(3|4(13(17|15|5 (4|12
Portugal 15.23 1.76 3/6|18(11({12/9| 6 1
Slovenia 16.18 2.75 4 (174|413 |3|9 (18| 4
Netherlands 16.35 1.58 2|8 |14| 7 |12(22| 1
France 17.92 1.37 1|1(10{15/ 6 |29| 4
Canada 20.15 0.97 1 23|41|16| 3
Israel 2092 1.34 1 112(3(9(25(24|1
Spain 21.56 0.84 2(31(22135|3 |1
Finland 23.56 0.84 137(22(2
Luxembourg 24.68 1.78 3(16/23|4 |3 |11| 6
Belgium 25.26 1.19 5(10(23(23| 3 2
Switzerland 26.09 1.28 1|7|13/17|22| 5 1
Denmark 26.95 1.94 1|19|10(17| 5|6 |3 (3|2
Iceland 28.39 2.58 1 3/1|3 7(10(12|3 |14|3 |2
New Zealand 28.56 145 1 215(24|122|16 2|21
Australia 2971  0.83 1 2 [14]45] 4
Norway 29.94 1.27 1(13|10| 7 [35
Sweden 31.86 0.60 1 7 2
South Korea 32.88 0.48 1113
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Figure S2B: Distribution of the rank of country excess death estimates (from highest to lowest) in the three-year projected period 2019+2020+2021

expressed as a percentage of the expected deaths for the 33 countries as calculated for each of the 66 different reference baseline year sets. The countries
are ordered by decreasing average rank (column 3); the standard deviation of the rank is given in column 4. High- and low-ranking countries have
consistent ranks but those lying in between are more ambiguous. 18 on diagonal

Country Rank Number of rank occurrences in sort from highest to lowest p% for 3-year projected period 2019+2020+2021
AVE SD 1(2|3(4|5(6|7 (89 |10{11|12(13|14(15|16(17|18(19(2021|22|23(24|25|26(27|28(29|30(31|32(33
United States 1.27 0.54 15 1
Poland 1.77 042 |15
Czechia 3.41 1.06 8|4 111
Slovakia 6.00 339 |1 2|355/6|2|1|4 33 2 1
Greece 6.20 2.74 3/112|122/9 (7 (4212111 1
Hungary 7.08 1.44 13/ 820|115/ 7 |2 |1
Lithuania 7.21 2.14 2/4(7|15/8(15|/6 |4 (2|2 |1
Latvia 7.85 2.43 2 415/13|11/6 |8 |3 | 2 1 1
Croatia 8.68 2.27 114127 |11(21|11|3 (1|2 |1 1
[taly 9.85 2.68 2(1(1|/3|6(3|7|16(11|10|3 |1 1 1
Chile 1095 4.11 2 7(5|1(2(4|7/10(7 |4 |4 412(3(1|1
United Kingdom 1229 3.19 112/2(1|/3/3(2|11/6(11|3|{11(8 |1 1
Slovenia 1344  2.89 2|5|12|15/8|5|2|1|6|5|5
France 13.88  2.68 1 1/4|3|12|10{15/4 (3|63 |13
Portugal 15.65 2.31 21 6(7|19/7(10/8 |3 (2|1
Spain 1588  3.09 1 3(1|/3|8(2|8|10{13|4|7 |3 21
Netherlands 16.55 2.40 2(1({1/9(11|10/ 6 |14/ 6 |3 | 2 1
Austria 16.70  2.72 2/2|10/3 (4|7 7(15/7 |2
Germany 18.15  2.46 1 3(2|9|11(11|15|/5(3|1|3 |2
Estonia 20.64 4.13 1 119|112 2/3/6/6(8(8(|10(4|1(1(1]|1
Canada 20.68 2.13 1 2(1|2|5|26/4|13| 5|7
Belgium 20.88 1.16 1 2/3(8|39(10(2 |1
Israel 22.52 1.62 1 1 1/5(23|122/9 (3|1
Switzerland 23.71 1.23 1126 |18|21(16| 1 | 1
Luxembourg 24.47 1.70 1 1 2(2(7|9(31/10| 3
Finland 26.38 0.62 2 140 21| 3
Iceland 27.64 2.79 1 1 4/9/8(12/6(6(9 (2|7 |1
Denmark 28.52 1.71 1(24/16/9 (4 | 5|7
New Zealand 28.70 1.53 111]2 3118/ 7 |1|3 |2
Sweden 29.12 1.23 1 1|48 |25/22| 5
Australia 30.80 1.00 1 112 |13|38(|10|1
Norway 31.27 095 4 11|14|37
South Korea 32.88 0.56 1 1|2
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Figure S2C: Distribution of the rank of country excess death estimates (from highest to lowest) in the four-year projected period 2018+2019+2020+2021
expressed as a percentage of the expected deaths for the 33 countries as calculated for each of the 66 different reference baseline year sets. The countries
are ordered by decreasing average rank (column 3); the standard deviation of the rank is given in column 4. High- and low-ranking countries have
consistent ranks but those lying in between are more ambiguous. The most common rank occurrence in on the diagonal 17 times.

Country Rank Rank in Sort from Highest p% to Lowest p% For Four Years 2018, 2019, 2020 & 2021
AVE SD 1(2|3/4(5({6|7|8|9(10|11{12|13{14(15{16|17|18(19(20|2122(23|24|25|26|27|28|29(30|31|32(33
United States 1.30 0.63 16 1
Poland 1.77 0.45 |16 1
Czechia 3.91 1.74 7171115 1 1
Hungary 6.27 1.74 11{1317(11{4 |7 |2 |1
Latvia 6.89 2.84 1(9(19(97|4|6|4|1]2(2]|1
Greece 7.50 3.39 3(3|11|15{12(7 |3 |2|1|3|2 1)1 1
Slovakia 7.53 484 [1|(1]1(27|5|3|6|1|3|2[3|1 1134 21
Croatia 9.05 3.04 2 4 1|5|23/11|{6|4|1|1|3 |4
Lithuania 9.18 2.97 2|1/4/6/6|5(15/7 83|34 2
[taly 10.21 3.31 22 1/7|16(9(13|/5(8(5]2|3]|1 1|1
United Kingdom 11.02  4.66 81(2|4(2(3|2|2]|12(2(3/6|4|9 4 2
France 13.12 3.55 12 1|4|7|5|16/5|3|5|3(4(4|2]|4
Chile 14.17 5.38 2 316 2122|6321 |2(2|5|11|7|6 |4
Slovenia 14.62 3.75 3/1(8|7|6|42|2[5/12/5|3|62
Portugal 14.82 2.82 112 2/13(9|8(10(13/9 (4|3
Germany 14.83 3.87 22 4|32 |13(12(5|3|4|4|4|2|2 3
Spain 15.48 3.79 1 21 3(2(4|4|(5|7(|1017]9(2|4|2
Netherlands 15.56 3.03 1|1(2(2(4(5|7|13|/4|10|7 |5 4
Austria 17.08 3.09 211(12|2(4[4]2(6(3|6(22/10|2
Canada 19.55 2.97 1|1(2(1(1(3|4|8|6[16/ 5|5|9]|4
Belgium 20.86 1.48 1 5/3|6|35/(10| 5 1
[Estonia 21.11 4.86 1 113(1(4(3]|1 1/3{4(4|13/5/6|8(2(2|1|1(1]|1
Israel 22.98 1.72 1 1|1 24|19 24/ 4|1 |1
Luxembourg 23.55 2.71 1 1 1/3(2|5(|15|6(19|8 |4
Switzerland 24.00 1.34 1|1(5|18({13(|24|1 |3
Finland 26.32 0.68 1|2 [41(19(3
Iceland 27.59 3.54 1 1{1(2]7(6|5|8|8|5 7172
Denmark 28.09 1.68 2|4 (25/13|12 3(5
New Zealand 28.67 1.63 2 212(29|18 1 3
Sweden 29.08 1.60 1 1|2 (12(19(28| 3
Norway 30.98 1.04 7 |15(16|28
Australia 31.08 1.02 1 317(33/21|1
South Korea 32.83  0.62 1 23
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Figure S3: Showing how the ranking of the relative excess death over the years between 2009 and 2021 for the 66 different reference periods is almost
independent on the choice of reference set. There are 132 rankings of the 33 countries and 4 averaging periods. Of these 132 rankings, 67 have
identical rankings for all reference years. Below we show the two cases for each averaging period with rankings that differ most from the average rank
ordering. When not zero, the standard deviation in a ranking is approximately 0.5. Error is defined as the sum of the off-diagonal occurrence multiplied
by the distance from the diagonal. Only in one case is the diagonal element smaller than an off-diagonal element: Year 2013 for USA averaged over 2
years and the standard deviation then reaches 0.86. This occurs because the p% values for the USA are flat before 2020 (see Fig. 2) and hard to
distinguish.
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Figure S4A: Variation with year from 2009 to 2021 of the relative excess death, p%, calculated for single years. The salmon shading marks the range of all
66 reference periods, the purple shading marks the range between the first and third quartile and the black line shows the median for the reference periods.
A year with a low p% value is often followed by a year with a high value. These fluctuations are averaged out with longer projected periods.
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Figure S4B: Variation with year from 2009 to 2021 of the Relative Excess Death, p%, averaged over three adjacent years. The salmon shading marks the
full range for all 66 reference sets, the purple shading marks the range between the first and third quartile and the black line shows the average over the
reference periods. Note that the corresponding figure for averaging over two adjacent years is shown in main text Figure 2.
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Figure S4C: Variation with year from 2009 to 2021 of the relative Excess Death p% averaged over four adjacent years. The salmon shading marks the
full range for all 66 reference sets, the purple shading marks the range between the first and third quartile and the black line shows the average over the
reference periods.
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Table S1A: Relative percentage excess death, p%, in a single year for all countries and all years. Countries are listed in alphabetical order. Shading
varies from solid green for the lowest values to solid red for the highest values. The shading is calibrated by range of values in all Tables S1 considered
together. Note that 2019, the year immediately preceding the pandemics, is ‘greenest’ for all countries (low p%). By the same measure 2009 is ‘reddest’
(high p%).

Country 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021
Australia 736 518 476 324 -021 034 -1.03 -3.01 -181 -7.02 -6.60 -10.63 -8.36
Austria 6.78 466 199 391 254 -1.19 022 -467 -3.64 -377 -547 324 238
Belgium 723 534 206 433 310 -3.00 024 -337 -327 -3.69 -682 745 -5.54
Canada 725 349 200 039 -0.13 046 -1.17 -236 -1.10 -1.96 -448 053 -0.33
Chile 402 807 254 359 195 138 0.07 -397 -455 -7.06 -7.42 3.11 | 9.66
Croatia 898 7.7 309 263 -1.70 -2.15 241 384 -1.63 -387 -686 203 | 12.04
Czechia 954 682 455 329 242 270 030 -490 -3.87 -411 -649 636 | 14.03 |
Denmark 1331 1062 482 240 071 297 -2.62 -382 -459 -294 -726 -8.63 -6.54
Estonia [1452 11.13 558 407 077 067 -398 -477 -558 -526 -849 -651 7.99
Finland 821 801 432 362 064 -073 -240 -221 -433 -389 -6.80 -6.08 -4.54
France 6.76 493 089 290 061 -351 017 -1.60 -120 -237 -342 392 134
Germany 537 414 139 108 199 -325 050 -3.16 -2.07 -047 -331 -0.12 235
Greece 6.76 441 309 493 -1.89 -260 -028 -3.63 -048 -457 -2.16 1.12 [10.06
Hungary 6.72 581 332 257 -032 -1.83 080 -415 -157 -2.84 -559 1.73 | 11.94
Iceland 523 520 067 -392 430 -334 026 3.3 -154 -432 -516 -7.05 -7.56
Israel 580 48 443 386 -0.17 -131 069 272 -355 -583 -478 -2.09 -0.93
Italy 6.11 3.08 350 367 -060 -285 223 -395 -026 -422 -484 | 886 2.10
Latvia 784 813 231 288 045 -1.09 -236 -2.88 -2.65 -243 -6.11 -2.49 q
Lithuania 6.54 664 306 160 224 -1.71 124 -1.06 -3.71 -516 -8.61 3.90 | 13.35
Luxembourg 810 930 689 508 037 275 -297 -644 -2.11 -3.04 -621 -048 -5.04
Netherlands 533 439 163 250 061 -292 003 -087 -199 -2.00 -494 325 1.79
New Zealand 746 295 599 281 -2.15 033 -049 -500 -0.67 -428 -3.92 [-10.70 -7.48
Norway 764 677 484 501 182 -1.10 -1.85 -3.53 -446 -578 -8.00 -10.13 -8.63
Poland 969 622 327 317 148 -333 -0.88 -464 -276 -2.00 -432 | 1043

Portugal 803 7.03 129 340 095 271 -154 -1.13 -3.68 -231 -488% 358 205
Slovakia 924 891 436 355 123 218 023 -465 -408 -504 -8.67 -038

Slovenia 946 6.01 394 407 206 -2.80 -0.66 -4.14 -245 -456 -644 154 1.86
South Korea  |[1472 1148 796 720 247 -152 279 -517 -7.62 -7.81 -12.61 -13.83 -13.72
Spain 6.58 3.15 193 322 -146 -2.13 232 248 -081 -250 -6.59 870 -1.49
Sweden 633 568 354 462 195 -095 -062 -3.02 -348 -490 -10.38 -2.44 -10.83
Switzerland 7.63 565 206 290 236 -148 195 -415 -342 -547 -6.63 289 -582
United Kingdom | 5.57 4.04 047 125 062 -213 152 -1.69 -129 -205 -532 6.09 227
United States 1.67 089 092 001 -020 -1.1I8 030 -050 043 -092 -1.69 FISH3 G
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Table S1B: Relative percentage excess death, p%, in two adjacent years for all countries and all years. When considering a two-year
projected period, 2009 is added to 2010 and the combined period 2009+2010 is denoted as ‘2010°. For this reason, the entry for 2009 is
marked as NA.

Country 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021
Australia NA 625 497 398 149 007 -036 -2.04 -241 -445 -681 -8.64 -9.48
Austria NA 571 332 296 322 066 -047 -225 -415 -371 -463 -1.10 281
Belgium NA 627 368 321 371 002 -137 -1.58 -332 -348 -527 035 0.93
Canada NA 531 273 118 0.12 017 -035 -1.78 -1.72 -153 -323 -1.94 0.09
Chile NA  6.09 528 307 276 167 072 -2.01 -426 -582 -724 -2.08 643
Croatia NA 807 511 285 045 -192 015 -074 -273 -276 -537 -240 7.04
Czechia NA 816 567 392 286 -0.17 -1.19 -233 -438 -399 -531 -0.02 | 10.20
Denmark NA [ 1195 7.69 360 155 -1.15 279 -322 -421 -376 -5.12 -795 -1.57
Estonia NA 1281 833 482 240 072 -1.68 -438 -517 -542 -6.88 -749 0.78
Finland NA 811 614 397 211 -005 -1.58 -231 -328 -411 -536 -644 -5.30
France NA 584 288 191 174 -148 -165 -072 -140 -179 290 027 2.62
Germany NA 475 275 123 154 -066 -135 -135 =261 -127 -190 -1.70 1.13
Greece NA 556 374 402 147 225 -142 -197 -2.04 -253 336 -051  5.62
Hungary NA 626 456 294 112 -1.08 -051 -1.69 -285 -221 -423 -191  6.84
Iceland NA 522 291 -1.66 024 043 -152 171 077 295 -475 -6.12 -1.31
Israel NA 535 462 414 181 -075 -030 -1.03 -3.14 -471 -530 -342 -1.50
Italy NA 456 330 359 151 -1.74 -029 -0.89 -2.09 -225 -453 205 545
Latvia NA = 798 521 259 166 -033 -1.73 -2.62 -277 -254 -427 -430 7.06
Lithuania NA 659 484 232 192 026 -023 009 -239 -444 -6.89 -2.35  8.62
Luxembourg NA | 871 808 597 268 -122 -286 -473 -424 258 -464 -332 -2.78
Netherlands NA 486 299 207 155 -1.18 -143 -043 -1.44 200 -348 -0.80 251
New Zealand NA 516 449 438 030 -089 -0.08 -278 -2.80 -250 -410 -7.36 -9.07
Norway NA 720 580 492 341 035 -148 -270 -400 -5.13 -690 -9.08 -9.37
Poland NA | 794 473 322 231 -096 -2.09 -278 -3.69 -238 -3.17 3.10 1429 |
Portugal NA = 752 413 236 216 -090 -2.12 -134 -241 299 -360 -0.62 2.80
Slovakia NA | 907 662 395 238 -050 -097 -224 -436 -456 -6.87 -448 | 9.86
Slovenia NA 771 496 401 305 -040 -1.72 -242 -329 -352 -551 061 4.68
South Korea NA [13.04 969 757 478 043 217 -400 -642 -7.72 -10.26 (1323 -13.77
Spain NA 484 253 259 086 -180 011 -0.11 -l.64 -166 -457 111 3.59
Sweden NA = 6.00 461 408 327 049 -079 -1.83 -325 -419 -7.66 -637 -6.67
Switzerland NA = 6.63 384 249 263 042 025 -1.13 -378 -445 -606 -1.82 -1.50
United Kingdom | NA = 479 224 086 094 -077 -030 -0.12 -149 -167 -370 043 4.7
United States NA 127 091 046 -0.10 -0.70 -044 -0.10 -0.03 -025 -1.31 7.05 [HiG6oN
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Table S1C: Relative percentage excess death, p%, in three adjacent years for all countries and all years. When considering three-year
projected periods, 2009 and 2010 are added to 2011 and the combined period 2009+2010+2011 is denoted as ‘2011°. For this reason, the
entries for both 2009 and 2010 are marked as NA.

Country 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021
Australia NA NA 573 437 255 1.09 -031 -127 -196 -398 -5.19 -8.12 -8.55
Austria NA NA 445 352 282 .72 051 -191 -272 -4.02 -430 -1.98 0.07
Belgium NA NA 484 390 3.17 143 0.10 -2.05 -2.15 -345 -461 -098 -1.63
Canada NA NA 4.17 193 073 024 -028 -1.04 -155 -180 -254 -195 -1.39
Chile NA NA 487 470 2.69 229 1.13 -091 -289 -523 -637 -3.69 195
Croatia NA NA 6.38  4.27 131 -043 -046 -120 -1.04 -3.11 -414 -288 244
Czechia NA NA 693 486 341 097 -0.01 -245 -285 -429 484 -136 4.0
Denmark NA NA 953 589 262 001 -1.65 -3.14 -3.69 -378 -495 -632 -747
Estonia NA NA | 1037 688 3.44 1.81 -0.88 -2.73 -478 -520 -645 -6.76 -2.28
Finland NA NA 6.81 528 283 1.14 -086 -1.79 -299 -349 -5.02 -560 -5.79
France NA NA 4.15  2.89 147 -0.05 -091 -1.63 -088 -1.73 -234 -0.60 0.63
Germany NA NA 3.61 2.18 149 -0.09 -026 -197 -1.59 -1.89 -196 -130 -0.33
Greece NA NA 470 415 2.00 0.08 -1.57 -2.17 -146 -289 -241 -1.85 3.06
Hungary NA NA 527  3.89 1.84 0.12 -044 -1.74 -1.65 -2.85 -335 -222 273
Iceland NA NA 367 058 038 -098 038 007 060 -097 -3.71 -553 -6.61
Israel NA NA 503 436 265 074 -026 -1.12 -1.89 -406 -473 -420 -2.56
Italy NA NA 419 342 216 002 -039 -153 -068 -281 -3.12 -0.01 2.07
Latvia NA NA 6.08 443 1.87 0.73 -1.01 -212 -2.63 -2.65 -3.73 -3.68 2.68
Lithuania NA NA 5.41 3.7 230 070 059 -050 -1.18 -331 -583 -328 2.89
Luxembourg NA NA 809 705 404 08 -1.83 -409 -383 -383 -382 -323 -390
Netherlands NA NA 375  2.83 1.57 0.02 -0.77 -124 -096 -1.63 -3.00 -1.19 0.08
New Zealand NA NA 545 392 215 031 -0.75 -1.77 -2.05 -331 -298 -636 -7.40
Norway NA NA 640 553  3.88 1.88 -039 -2.17 -329 460 -6.10 -8.00 -8.93
Poland NA NA 635 420 262 039 -093 -296 -278 -3.12 -3.03 143 = 8.18
Portugal NA NA 539  3.88 1.88 050 -1.12 -1.79 -2.13 -238 -3.63 -1.17 0.29
Slovakia NA NA 748 558 303 083 -025 -222 -286 -459 -596 -467 3.80
Slovenia NA NA 642 466 3.34 1.05 -049 -255 -243 -372 452 -1.08 1.04
South Korea NA NA [ 1126 883 580 259 -069 -321 -526 -691 -942 -11.50 -13.40
Spain NA NA 3.84 277 121 -0.16 -040 -0.77 -035 -193 -334 -0.07 0.24
Sweden NA NA 517  4.61 336 1.85 0.11 -1.54 -239 -381 -6.29 -589 -7.89
Switzerland NA NA 507 352 244 123 094 -125 -191 435 -520 -3.01 -3.18
United Kingdom | NA  NA 3.31 10 078 -0.11 0.00 -0.78 -0.52 -1.68 -291 -039 1.05
United States NA NA 1.15 060 024 -047 -036 -046 008 -033 -0.74 442 | 10.60
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Table S1D: Percentage excess death, p%, in four adjacent years for all countries and all years. When considering four-year projected periods,
2009, 2010 and 2011 are added to 2012 and the combined period 2009+2010+2011+2012 is denoted as ‘2012’. For this reason, the entries
for both 2009, 2010 and 2011 are marked as NA. With a longer projected period, the relative percentage excess death gets smaller for every
country.

Country 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021
Australia NA NA NA 5.08  3.17 197 054 -1.02 -141 -327 -4.66 -6.61 -8.18
Austria NA NA NA 431 3.27 1.79 133  -0.83 -235 -299 439 -239 -0.88
Belgium NA NA NA 4.71 3.70 1.58 1.13  -0.79 -236 -2.54 431 -154 -2.14
Canada NA NA NA 3.17 139 066 -0.12 -0.82 -1.06 -1.65 -250 -1.74 -1.53
Chile NA NA NA 454 398 235 .72 -022 -187 -399 -580 -3.89 -0.21
Croatia NA NA NA 542 274 042 029 -132 -131 -1.76 -407 -257 0.88
Czechia NA NA NA 6.00 424 1.84 079 -127 -282 -3.18 -486 -197 254
Denmark NA NA NA 7.70  4.56 1.18 -0.66 -220 -3.51 -349 -4.67 -590 -6.38
Estonia NA NA NA 875 530 272 031 -1.89 -346 -491 -6.04 -647 -3.01
Finland NA NA NA 598 4.07 190 022 -121 -245 -322 433 -529 -533
France NA NA NA 3.82 230 0.18 0.01 -1.09 -1.52 -127 -2.16 -0.74 -0.10
Germany NA NA NA 296 213 027 0.06 -1.01 -199 -131 -225 -149 -0.36
Greece NA NA NA 476 257 080 -0.02 -2.11 -1.74 -225 -271 -1.51 1.18
Hungary NA NA NA 459 282 091 030 -139 -1.70 -1.95 -355 -2.06 1.36
Iceland NA NA NA 1.71 1.54 -0.59 -0.66 1.09 -035 -0.68 -2.06 -457 -6.06
Israel NA NA NA 4.73  3.17 162 073 -090 -1.75 -291 -424 -405 -3.35
Italy NA NA NA 406 238 08 059 -130 -121 -1.58 -333 -0.07 0.53
Latvia NA NA NA 527 342 1.12 -0.06 -149 -225 -2.58 -352 -342 140
Lithuania NA NA NA 444  3.37 128 084 0.17 -1.31 -2.18 -4.65 -339 0.88
Luxembourg NA NA NA 730 530 225 -0.19 -3.04 -358 -3.63 -445 -296 -3.69
Netherlands NA NA NA 343 225 041 002 -0.79 -144 -123 -248 -139 -042
New Zealand NA NA NA 476  2.34 1.67 010 -1.86 -148 -2.63 -347 -499 -6.65
Norway NA NA NA 6.05 459 261 093 -1.19 -276 -393 -547 -7.14 -8.16
Poland NA NA NA 553 349 1.08 006 -1.89 -291 -258 -343 040 5.69
Portugal NA NA NA 488 3.12 0.70 -0.02 -1.12 -227 -2.17 -3.02 -1.78 -0.34
Slovakia NA NA NA 6.48 447 1.69 067 -139 -270 -343 -5.64 -452 1.66
Slovenia NA NA NA 5.81 3.98 1.74 060 -144 -252 -299 -442 -141 -0.32
South Korea NA NA NA [ 10.17 7.13 3.84 1.15 -1.88 -439 -594 -843 -10.59 -12.09
Spain NA NA NA 3.68 1.8 035 048 -094 -0.78 -090 -3.13 -025 -0.43
Sweden NA NA NA 503 393 226 122 -0.69 -2.04 -3.03 -549 -530 -7.16
Switzerland NA NA NA 4.51 3.22 1.43 141 -038 -1.81 -2.83 -494 -3.11 -3.73
United Kingdom | NA  NA NA 2.78 1.57 0.03 031 -044 -091 -091 -2.61 -061 0.29
United States NA NA NA 086 040 -0.13 -0.27 -039 -023 -0.18 -0.68 345 7.77
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Table S2: The percentage excess death , p%, of the worst, the second worst and third worst pairs of adjacent years compared to the corresponding value in
two-year pandemic projected period 2020+2021. Those entries where the two-year pandemic period 2020+2021 are worst are shown in bold type.

Country Worst 2nd Worst  3rd Worst Worst 2nd Worst 3rd Worst  2020+2021 Worst minus
Pair Years Pair Years Pair Years p% p% p% p% (2020+2021) p%
Australia 2009+2010 2010+2011 2011+2012 6.2 5.0 4.0 9.5 15.7
Austria 2009+2010 2010+2011 201242013 5.7 33 32 2.8 2.9
Belgium 2009+2010 201242013 2010+2011 6.3 3.7 3.7 09 5.3
Canada 2009+2010 2010+2011 2011+2012 53 2.7 1.2 0.1 5.2
Switzerland 2009+2010 2010+2011 201242013 6.6 3.8 2.6 -1.5 8.1
Chile 2020+2021 2009+2010 2010+2011 6.4 6.1 53 6.4 0.0
Czechia 2020+2021 2009+2010 2010+2011 10.2 8.2 5.7 10.2 0.0
Germany 2009+2010 2010+2011 201242013 4.8 2.8 1.5 1.1 3.6
Denmark 2009+2010 2010+2011 2011+2012 12.0 7.7 3.6 -7.6 19.5
Spain 2009+2010 202042021 2011+2012 4.8 3.6 2.6 3.6 1.3
Estonia 2009+2010 2010+2011 2011+2012 12.8 8.3 4.8 0.8 12.0
Finland 2009+2010 2010+2011 2011+2012 8.1 6.1 4.0 -5.3 134
France 2009+2010 2010+2011 2020+2021 5.8 2.9 2.6 2.6 3.2
United Kingdom 2009+2010 202042021 2010+2011 4.8 4.2 2.2 4.2 0.6
Greece 2020+2021 2009+2010 2011+2012 5.6 5.6 4.0 5.6 0.0
Croatia 2009+2010 202042021 2010+2011 8.1 7.0 5.1 7.0 1.0
Hungary 2020+2021 2009+2010 2010+2011 6.8 6.3 4.6 6.8 0.0
Iceland 2009+2010 2010+2011 2015+2016 52 2.9 1.7 -7.3 12.5
Israel 2009+2010 2010+2011 2011+2012 54 4.6 4.1 -1.5 6.9
Italy 2020+2021 2009+2010 2011+2012 5.5 4.6 3.6 5.5 0.0
South Korea 2009+2010 2010+2011 2011+2012 13.0 9.7 7.6 -13.8 26.8
Lithuania 2020+2021 2009+2010 2010+2011 8.6 6.6 4.8 8.6 0.0
Luxembourg 2009+2010 2010+2011 2011+2012 8.7 8.1 6.0 -2.8 11.5
Latvia 2009+2010 202042021 2010+2011 8.0 7.1 52 7.1 09
Netherlands 2009+2010 2010+2011 2020+2021 4.9 3.0 2.5 2.5 2.3
Norway 2009+2010 2010+2011 2011+2012 7.2 5.8 4.9 9.4 16.6
New Zealand 2009+2010 2010+2011 2011+2012 52 4.5 44 9.1 14.2
Poland 2020+2021 2009+2010 2010+2011 14.3 7.9 4.7 14.3 0.0
Portugal 2009+2010 2010+2011 2020+2021 7.5 4.1 2.8 2.8 4.7
Slovakia 2020+2021 2009+2010 2010+2011 9.9 9.1 6.6 9.9 0.0
Slovenia 2009+2010 2010+2011 2020+2021 7.7 5.0 4.7 4.7 3.0
Sweden 2009+2010 2010+2011 2011+2012 6.0 4.6 4.1 -6.7 12.7
United States 2020+2021 2019+2020 2009+2010 16.7 7.0 1.3 16.7 0.0
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Table S3: Supplementary links to data sources.

. I.‘ast . . . I.‘ast . . Population Download
Country LOC Death File Name Modification Population File Name Modification | Death Download Link Link
Date Date
e e e

Australia AUS | Australia_Deaths 1x1.txt 22-Mar-2022 | Australia_Population.txt 22-Mar-2022 | AUS.Deaths_1x1.txt AUS.Population.txt
Austria AUT | Austria_Deaths_1x1.txt 30-Mar-2021 | Austria_Population.txt 30-Mar-2021 | AUT.Deaths_1x1.txt AUT.Population.txt
Belgium BEL | Belgium_Deaths_1x1.txt 25-Sep-2021 | Belgium_Population.txt 25-Sep-2021 | BEL.Deaths_1x1.txt BEL.Population.txt
Canada CAN | Canada_Deaths_1x1.txt 28-Sep-2021 | Canada_Population.txt 28-Sep-2021 | CAN.Deaths_1x1.txt CAN.Population.txt
Switzerland CHE | Switzerland_Deaths_1x1.txt 28-Oct-2021 | Switzerland_Population.txt 28-Oct-2021 | CHE.Deaths_1x1.txt CHE.Population.txt
Chile CHL | Chile_Deaths_1x1.txt 18-Apr-2022 | Chile_Population.txt 18-Apr-2022 | CHL.Deaths_1x1.txt CHL.Population.txt
Czechia CZE | Czechia_Deaths_1x1.txt 23-May-2021 | Czechia_Population.txt 23-May-2021 | CZE.Deaths_1x1.txt CZE.Population.txt
Germany DEU | Germany_ Deaths 1x1.txt 17-Dec-2018 | Germany_Population.txt 17-Dec-2018 | DEUTNP.Deaths_1x1.txt | DEUTNP.Population.txt
Denmark DNK | Denmark Deaths_1x1.txt 22-Mar-2022 | Denmark_ Population.txt 22-Mar-2022 | DNK.Deaths_1x1.txt DNK.Population.txt
Spain ESP | Spain_Deaths_1x1.txt 23-Feb-2022 | Spain_Population.txt 23-Feb-2022 | ESP.Deaths_1x1.txt ESP.Population.txt
Estonia EST | Estonia_Deaths_1x1.txt 21-Jan-2021 | Estonia_Population.txt 21-Jan-2021 | EST.Deaths_1x1.txt EST.Population.txt
Finland FIN | Finland_Deaths_1x1.txt 02-Aug-2021 | Finland_Population.txt 02-Aug-2021 | FIN.Deaths_1x1.txt FIN.Population.txt
France FRA | France_Deaths_1x1.txt 11-Apr-2022 | France_Population.txt 11-Apr-2022 | FRATNP.Deaths_1x1.txt | FRATNP.Population.txt
United Kingdom GBR | UK_Deaths_1x1.txt 11-Jul-2020 | UK _Population.txt 11-Jul-2020 | GBR_NP.Deaths_1x1.txt | GBR_NP.Population.txt
Greece GRC | Greece_Deaths_1x1.txt 08-Nov-2021 | Greece_Population.txt 08-Nov-2021 | GRC.Deaths_1x1.txt GRC.Population.txt
Croatia HRYV | Croatia_Deaths_1x1.txt 24-Feb-2022 | Croatia_Population.txt 24-Feb-2022 | HRV.Deaths_1x1.txt HRYV.Population.txt
Hungary HUN | Hungary Deaths_1x1.txt 30-Nov-2021 | Hungary Population.txt 30-Nov-2021 | HUN.Deaths_1x1.txt HUN.Population.txt
Iceland ISL | Iceland_Deaths_1x1.txt 02-Apr-2020 | Iceland_Population.txt 02-Apr-2020 |ISL.Deaths 1x1.txt ISL.Population.txt
Israel ISR | Israel Deaths 1x1.txt 31-Oct-2018 | Israel_Population.txt 31-Oct-2018 |ISR.Deaths_1x1.txt ISR.Population.txt
Italy ITA | Italy Deaths 1x1.txt 11-Apr-2022 | Italy_Population.txt 11-Apr-2022 |ITA.Deaths_1x1.txt ITA.Population.txt
South Korea KOR | Republic_of Korea_Deaths_1x1.txt 15-Nov-2019 | Republic_of Korea_Population.txt| 15-Nov-2019 | KOR.Deaths_1x1.txt KOR.Population.txt
Lithuania LTU | Lithuania_Deaths_1x1.txt 29-Jan-2022 | Lithuania_Population.txt 29-Jan-2022 |LTU.Deaths_1x1.txt LTU.Population.txt
Luxembourg LUX | Luxembourg Deaths_1x1.txt 21-Jan-2022 | Luxembourg_Population.txt 21-Jan-2022 | LUX.Deaths_1x1.txt LUX.Population.txt
Latvia LVA | Latvia_Deaths_1x1.txt 11-Mar-2021 | Latvia_Population.txt 11-Mar-2021 | LVA.Deaths 1x1.txt LVA.Population.txt
Netherlands NLD | Netherlands_Deaths_1x1.txt 31-Mar-2021 | Netherlands_Population.txt 31-Mar-2021 | NLD.Deaths_1x1.txt NLD.Population.txt
Norway NOR | Norway_Deaths_1x1.txt 15-Apr-2021 | Norway_Population.txt 15-Apr-2021 [ NOR.Deaths_1x1.txt NOR.Population.txt
New Zealand NZL | New_Zealand_Deaths 1x1.txt 26-Sep-2017 | New_Zealand_Population.txt 26-Sep-2017 | NZL_NP.Deaths_1x1.txt | NZL_NP.Population.txt
Poland POL | Poland_Deaths_1x1.txt 13-Apr-2021 | Poland_Population.txt 13-Apr-2021 | POL.Deaths_1x1.txt POL.Population.txt
Portugal PRT | Portugal Deaths 1x1.txt 01-Aug-2021 | Portugal Population.txt 01-Aug-2021 | PRT.Deaths_1x1.txt PRT.Population.txt
Slovakia SVK | Slovakia_Deaths_1x1.txt 29-Oct-2021 | Slovakia_Population.txt 29-Oct-2021 |SVK.Deaths_1x1.txt SVK.Population.txt
Slovenia SVN | Slovenia_Deaths_1x1.txt 01-Nov-2021 | Slovenia_Population.txt 01-Nov-2021 | SVN.Deaths_1x1.txt SVN.Population.txt
Sweden SWE | Sweden_Deaths_1x1.txt 12-May-2022 | Sweden_Population.txt 12-May-2022 | SWE.Deaths_1x1.txt SWE.Population.txt
United States USA | USA_Deaths_Ix1.txt 17-Mar-2021 | USA_Population.txt 17-Mar-2021 | USA.Deaths_1x1.txt USA.Population.txt

All Deaths_1x1.txt and Population.txt files are downloaded as a zip file https://www.mortality.org/File/Download/hmd.v6/zip/all hmd/hmd _statistics 20220812.zip,
where the Version shown here is "hmd_statistics 20220812" and changes frequently. The relevant files for Deaths and Population are in directories
/<Version>/deaths/Deaths 1x1/ and /<Version>/population/Population/ respectively. More generally, the download button for the latest version is marked "All HMD

Statistics" and is at the bottom of the page linked by https://www.mortality.org/Data/ZippedDataFiles
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