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Abstract

The number of confirmed COVID-19 deaths differed across countries for several reasons,
including the timing and pathways of the spread of the virus and societies’ responses to it.
Patterns also differed between regions and groups within countries. We combine data on excess
mortality with data on cause-of-death specific mortality in the case of Sweden to identify which
groups had excess mortality beyond what can be captured by analyses of Covid-19 specific
deaths. We also explore the possibility that some groups may have benefited in terms of
reduced all-cause mortality, potentially due to home-centered living conditions during the
pandemic. In contrast to the idea that the pandemic primarily hastened inevitable deaths, our
results show that many of those who died in 2020 would not have done so in this year without
the occurrence of the pandemic. We also find indication of underreporting of COVID-19
mortality, mainly during the first part of 2020 when widespread testing had not yet been
implemented. This pattern is most pertinent for individuals with a migrant background. We
also found groups for which mortality decreased substantially during the pandemic, even when
accounting for COVID-19 mortality. Progression across the first and second waves of the
pandemic during 2020 shows that more groups appeared to have become protected over time
and that there was less replacement mortality and under-reporting of COVID-19 deaths towards
the end of 2020.
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Introduction

Since the beginning of the COVID-19 pandemic, there has been a concerted international effort
to make daily counts of cases and deaths associated with COVID-19 available (Dong, Du, and
Gardner 2020; Karlinsky and Kobak 2021). Thanks to this impressive initiative, most of the
empirical evidence produced regarding differences in COVID-19 mortality across space, time,
and population subgroups has been based upon deaths related specifically to COVID-19. This
evidence has directly informed national public health policies. Nevertheless, assessments of
the coverage and quality of national statistics have shown that case numbers and deaths are
often extensively underreported (Biswas, Afiaz, and Huq 2020; Karlinsky and Kobak 2021;
Kupek 2021; Lau et al. 2021; X. Li et al. 2020; Y. Li, Fang, and He 2020; Riffe et al. 2021;
Vestergaard et al. 2020). Particularly in the first phase of the pandemic, underreporting was
related to strategies for — and the availability of — testing (Karanikolos and McKee 2020;
Spiegelhalter 2020). Some countries reported only deaths that occurred in hospitals, some
countries only reported deaths following a PCR-confirmed infection with COVID-19; others
also included suspected COVID-19 deaths (Riffe et al. 2021).

The impact of COVID-19 on death rates can be measured not only through cause of deaths
related to COVID-19 specifically but also through total excess mortality (Islam et al. 2021;
Msemburi et al. 2023). Excess mortality can be defined as higher all-cause mortality than
would be expected based upon recent trends. This excess mortality approach has been used
historically to estimate effects of various pandemics (e.g., the Great Plague [epidemic] of
London in 1665 (Boka and Wainer 2020) and the influenza pandemics of 1918, 1957, 1968,
2009 (Murray et al. 2006; Simonsen et al. 2013; Viboud et al. 2005, 2016)). It has also been
used more widely to study environmental disasters such as Hurricane Maria in Puerto-Rico in
2016 (Milken Institute 2018). In the current pandemic, mounting evidence has confirmed the
presence of excess mortality around the world (Alicandro, Remuzzi, and La Vecchia 2020;
Andersson et al. 2021; Blangiardo et al. 2020; Bradshaw et al. 2021; Ghafari, Kadivar, and
Katzourakis 2021; Islam et al. 2021; Karlinsky and Kobak 2021; Kobak 2021; Kolk et al. 2022;
Kontis et al. 2020; Modi et al. 2021; Weinberger et al. 2020; Woolf, Chapman, Sabo,
Weinberger, and Hill 2020; Woolf, Chapman, Sabo, Weinberger, Hill, et al. 2020).

Excess death rates reflect all changes in death counts, including deaths unrelated to the
pandemic and deaths that may be related ro, but were not caused directly by, the virus
(Kaczorowski and Del Grande 2021). For example, the over-burdening of national health
systems may have affected their efficiency and capacity to function normally, indirectly
increasing deaths from other causes (Dinmohamed et al. 2020; Folino et al. 2020; Schwarz et
al. 2020; Zubiri et al. 2021). In addition, people in need of medical attention may have actively
avoided the health system, and remained untreated, due to fear of catching the virus
(Kaczorowski and Del Grande 2021). Excess mortality therefore additionally includes
mortality that can be considered “collateral damage” from the pandemic.

Analysis of excess mortality has the potential to address important questions that have arisen
during the course of the pandemic. Given that the pandemic affected vulnerable populations
already at a high risk of death (i.e., “dry tinder”) the most, it may be the case that the main
impact was a shift in the timing of deaths that would have been inevitable in the very near
future anyway (Herby 2020; Rizzi, Segaard, and Vaupel 2022; SCB 2020). This somewhat
more optimistic scenario could obscure the real cost of the pandemic, if it is unfounded. It may
also be the case that non-pharmaceutical interventions such as working from home protected
certain population subgroups from hospital admission and mortality more broadly than just due



to COVID-19 (Kung et al. 2021; Shilling and Waetjen 2020). Studying all-cause mortality may
in this case lead to an underestimation of COVID-19 deaths. For example, strict
recommendations or lockdowns are likely to lead to fewer road accidents (especially for men
age 15-44) and less spread of influenza (among elderly). These changes to long established
patterns of cause-specific mortality (Remund, Camarda, and Riffe 2018) will affect the
estimation of excess mortality during the pandemic, which confounds the effect of the
pandemic on societal, economic, or behavioral changes with the effect of COVID-19 infection.

We examine expected mortality, negative or positive, both with and without COVID-19
deaths and compare all-cause mortality and cause-specific mortality between 2020 and 2019
to establish the extent of underestimated COVID-19 mortality. We argue that this approach
also allows us to capture collateral damage from the pandemic.

In addition, we explore whether specific socio-demographic groups display different patterns
of excess mortality. We already know that individuals with certain vulnerable characteristics
bear a disproportionate burden of the disease (Rizzi, Segaard, et al. 2022; Varkey, Kandpal,
and Neelsen 2022) and that COVID-19 mortality is associated with specific demographic
characteristics (Drefahl et al. 2020; Williamson et al. 2020), the prevalence of comorbidities
(Williamson et al. 2020), and different environmental factors (Davies et al. 2021;
Konstantinoudis et al. 2021; Riou et al. 2021). A few studies /have looked at disaggregated
trends by sex, age, and localized temporal trends as single dimensions (Blangiardo et al. 2020;
Calderon-Larrafiaga et al. 2020; Ghislandi et al. 2020; Hollinghurst et al. 2021; Kepp et al.
2022; Modig et al. 2021; Rizzi, Segaard, et al. 2022; Scortichini et al. 2021). Andersson et al.
(2021) explored how age intersected with gender, education, and country of birth in Swedish
excess mortality rates. However, studies have yet to assess general trends in excess mortality
by detailed socio-demographic profiles. This is important because each individual is a
combination of multiple characteristics that may compound health advantages or
disadvantages. Our study goes beyond this body of research by exploring the intersection of
multiple dimensions that are related to mortality (generally) and COVID-19 mortality
(specifically). We document excess mortality in Sweden across population subgroups, using
detailed combinations of their educational attainment level, country of birth, marital status and
place of residence. Additionally, we compare the first and second pandemic waves in Sweden
to ascertain whether there is any indication for COVID-19 deaths in the first wave anticipating
potential deaths of spring 2020 or a decrease of underreporting once testing become widely
available.

We organize granular population subgroups to identify groups in the population that 1) would
have likely died even without the COVID-19 pandemic, 2) had higher under-estimation of
COVID-19 mortality than others, and 3) were the most protected in terms of mortality by
protective measures or greater health advantage during the pandemic. Our comparative
approach across time also allows us to assess whether patterns of under-estimation and
protection changed over the course of the pandemic.

Sweden provides the possibility of such an analysis due to the high quality of its population
registers, including the distinction between mortality from COVID-19 and other causes. It is
also a compelling case because it stood out in the European context due to its reliance on
recommendations rather than ‘stay at home orders’, with the explicit purpose to accommodate
to live with the virus during a period that was expected to last for more than just a few months.



Previous studies

Prior research that used publicly available all-cause mortality data to perform international
comparisons of mortality during the pandemic (February 2020- to today) with mortality in
previous years documented some excess mortality (Islam et al. 2020; Konstantinoudis et al.
2022; Kontis et al. 2020; Sanmarchi et al. 2021; Wang et al. 2022). Most studies looked at the
general trend and focused more on the minutiae of the methodological aspects (Nepomuceno
et al. 2022; Sanmarchi et al. 2021). However, several studies have examined excess mortality
at the national/regional level and attempted to look more in detail at the effect of different
socio-demographic profiles. Among the first, Blangiardo et al. (2020) presented a
comprehensive analysis of the spatio-temporal differences in excess mortality during the
COVID-19 pandemic in Italy by sex and adjusting for age, localized temporal trends and the
effect of temperature. They predicted all-cause weekly deaths and mortality rates at the
municipality level in 2016-2019 and 2020 based upon the modelled spatio-temporal trends.
They showed that Lombardia had higher mortality rates than expected from the end of
February, with 23,946 (23,013 to 24,786) total excess deaths. This excess was, at the peak of
the pandemic, particularly high for males in the city of Bergamo. Consistent with this study, in
(North) Italy, Ghislandi et al. (2020) show a substantial number of excess deaths in the older
age groups, providing empirical evidence that COVID-19 is especially lethal for older
populations. Similar results were also found in Germany (Stang et al. 2020). Similarly, Modig
et al. (2021), in Sweden, documented excess mortality among men (75%) and women (50%)
above age 60 during weeks 10-16 in 2020 when compared to the same weeks in the previous
5-year period. Several papers discuss how sex differentials in COVID-19 mortality vary
markedly by age (The Lancet 2020). In a systematic review of the Italian case, Rizzi et al.
(2022), confirmed that males up to 75 years old have been experiencing more excess death
compared to females. The results, however, are less clear at older ages. In line with this
discussion, Krieger et al. (2020), estimated that, despite the absolute difference in mortality
rates being larger for men, old women and men in Massachusetts experienced virtually
identical relative increases in mortality from COVID-19 deaths.

Kolk et al. (2022), as well, reported that Sweden has experienced excess mortality in some age
groups, but not others. For example, men experienced excess mortality at ages 0-19 and 50+,
and women at ages 60+ compared to forecasted mortality for 2020. Simultaneously, mortality
among men aged 20-49 was lower than expected. Over the course of the calendar year, higher
mortality than expected could be found in April to June and November to December, consistent
with the onset of different waves of COVID-19. Yet, for individuals younger than 64-years,
mortality from August to December was also lower than expected. Finally, whereas some
counties (in the North and West of Sweden) continued to make gains in life expectancy
compared to previous years, others (particularly Stockholm County) experienced considerable
(~1-year) losses.

There is some indication that area-level measures of socioeconomic deprivation and a higher
proportion of young people are associated with higher excess mortality in Sweden (Calderon-
Larrafiaga et al. 2020), as well as the population living in care or nursing homes (Modig et al.
2021). Davies et al. (2021) look at a set of community-level variables at the small-area level to
estimate excess mortality during March—May 2020 in England. They found excess mortality in
communities with a high density of care homes, and/or a high proportion of residents on income
support, living in overcrowded homes and/or with a non-white ethnicity. Similarly, Stokes et
al. (2021) have documented how excess mortality in 2020 has differed across socio-
demographic or health factors in the United States. These last two studies that add different



socio-demographic dimensions in understanding excess mortality used an ecological approach
by focusing on counties/local communities and not individuals.

The main point of this summary, which is not exhaustive, is that most of these studies look at
general trends. In the best scenarios these trends are disaggregated as a single dimension by
sex, age, localized temporal trends, and the effect of temperature, or the interaction of age and
sex. In a notable exception in the case of Sweden, Andersson et al. (2021) look at the
combination of four broad age ranges in combination with (one by one) the following variables:
gender, educational level, and country of birth. They confirm that age is the single most
important factor by which excess mortality varied. However, another factor that had a major
impact on the degree of excess mortality was country of birth, which is a finding that fits the
patterns observed in Swedish COVID-19 mortality research (Aradhya et al. 2021; Brandén et
al. 2020; Drefahl et al. 2020; Rostila et al. 2021).

Data and Method

We combine information from several Swedish administrative registers linked through
personal identity numbers that are unique to each person with legal residence in Sweden. Data
on deaths were retrieved from the Cause of Death Register provided by the National Board of
Health and Welfare (Socialstyrelsen). Demographic variables (country of birth, sex, civil
status) were drawn from the Total Population Register maintained by Statistics Sweden.
Information on the highest achieved educational degree stems from the Longitudinal Integrated
Database for Health Insurance and Labour Market Studies (LISA). For analyses of 2019,
demographic variables are measured at the end of 2018, for analyses of 2020 they are measured
at the end of 2019. For both analyses, the highest achieved educational degree is measured at
the end of 2018, the latest year available in the data.

Our outcome measures for the analyses of 2020 are all deaths from COVID-19 and all deaths
from any other cause of death between March 12, 2020, and Dec 31%, 2020. The starting date
was set one day before the first recorded death attributed to COVID-19 on March 13, 2020, in
Sweden. Correspondingly, in the analyses for 2019 our outcomes are all deaths from any cause
of death between March 12", 2019, and Dec 31%, 2019. COVID-19 mortality was identified by
the Swedish National Board of Health and Welfare, the agency responsible for the cause of
death register, using the following ICD codes: U07.1, U07.2 or B342. In total. We observe
9,871 COVID-19 deaths and 66,756 from other causes in 2020.

For the analyses of 2020 our study population consists of all individuals aged 21 and older on
March 12", 2020. The starting age corresponds to the earliest recorded age at death from
COVID-19 in Sweden in the first year of the pandemic. Correspondingly, our study population
for the analyses of 2019 consists of all individuals aged 21 and above on March 12, 2019.

Despite excess mortality being one of the most reliable methods to study the impact of COVID-
19 mortality (Beaney et al. 2020), debate has taken place regarding the choice of reference
period for mortality when studying excess mortality from COVID-19. Nepomuceno et al.
(2022) concludes that the baseline should include an interval of several years to identify a stable
and clear mortality trend, but also that the chosen period should be related to the specific
country trend. In essence, the choice of reference period should be long enough to allow for
the best possible estimate for answering the question of what mortality conditions would have
been in 2020 if there would not have been the COVID-19 pandemic. Life expectancy in 2019
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was observed to be 84.72 years for women and 81.33 years for men. In the beginning of 2020
Statistics Sweden published their forecast for the life expectancy for 2020 and projected 84.8
for women and 81.4 for men. Our interpretation is that the observed values of life expectancy
in 2019 are almost identical to what we would have expected to observe for 2020 in the absence
of the COVID-19 pandemic in the Swedish case. A similar approach was used by Kolk et al.
(2022).

The study populations are used to calculate exact exposures in person-years for 2019 and 2020
separately. Then, three sets of incidence rates are calculated:

1. Group specific incidence rates of death from any cause in 2020
2. Group specific incidence rates of death from any cause in 2019
3. Group specific incidence rates of death from any cause excluding COVID-19 in 2020

Each set of incidence rates is calculated for all possible combinations of the variables that are
specified below:

= Sex — Female vs. Male

= Age — Retirement ages (65+) vs. Working ages (21-65)
= Marital Status — Married vs. Unmarried

= Education — Secondary and higher vs. Primary

= Country of Birth - Immigrant from High-Income country (HIC) vs. Immigrant from
Low-Middle income country (LMIC) vs. Swedish-born

We exclude individuals with missing information (N=161,287) and present results only for
groups with 10 or more recorded deaths in 2020'. This produces forty-seven possible
combinations. For example, we produce and compared incidence rates in 2019 and 2020 for
primary educated, married women aged 65+ who were born in Sweden.

To explore differences in rates between the first and second waves, we additionally divided the
exposure time across the year according to the first (March 12" —June 30™) and second wave
(July 1%- December 31%).

Results

In three separate figures, we present the percentage change in mortality rates in Sweden in 2020
relative to 2019, distinguishing COVID-19 mortality from other causes of mortality (grouped
together). Rates are presented by socio-demographic profiles. Groups appear in a specific
figure on the basis of the following selection criteria: Figure 1 shows groups that did not have
excess mortality in 2020; Figure 2 shows groups that had excess mortality overall, but lower
mortality when excluding COVID-19 deaths; and Figure 3 shows groups that had excess

! Our total population consist in 7,634,627 individuals in 2019 and 7,720,515 in 2020.



mortality even when excluding COVID-19 mortality. These selection criteria allow all
combinations of groups to appear once provided they had 10 or more death events in 2020.

Figure 1 shows those population subgroups that continued to make mortality improvements in
2020 (all-year?) compared to 2019. The sum of the orange and purple bar represents the relative
decrease in mortality in percent if COVID-19 deaths in 2020 were excluded from the relevant
calculation. The purple bar alone represents the relative mortality decrease in percent including
also all deaths from COVID-19 in 2020. Consequently, the orange bar represents the share of
deaths in each group that is due to COVID-19. In total, the groups in Figure 1 comprise 2,706
deaths, which is a very small portion of overall mortality (3.5% of all deaths). Overall, higher
relative changes tend to be observed for subgroups that have fewer number of deaths.

Those groups share one main characteristic: they are all of working age. The majority are
women and the largest relative improvement in mortality occurred among the married. The
socio-demographic pattern otherwise is less clear. It is worth noting that individuals from all
country of birth groups are represented as well as educational levels. The group that
experienced the highest relative decrease in mortality during 2020 (i.e., the most “protected”)
were married, working-age women from HIC with a higher educational level.

Replacement mortality would be evident, one might argue, by a share of decline in non-Covid
mortality that is similar to the share of Covid mortality. Graphically, this scenario would appear
with an orange bar that is substantially longer than the purple bar, with stronger replacement
showing up with a smaller purple bar and indicating that the overall decline in mortality was
small when including Covid mortality. For the most part, those who had lower mortality in
2020 than 2019 experienced low incidence of COVID-19 mortality. In a few groups, however,
a substantial portion of offset mortality (purple) was replaced by COVID-19 mortality. In
particular, men from HIC and women from LMIC who were primary educated, working age,
and unmarried share this pattern. But replacement remained only partial.

If we look at differences across the waves (see Appendix A1), we see fewer profiles fall into
the category of decreased mortality in the first wave of the pandemic. But the same set of
characteristics appear here, suggesting that the overall pattern in 2020 is driven primarily by
the one set during the first wave of deaths. However, the numbers and the diversity in profiles
increased dramatically in the second wave. This set of profiles includes more men and
individuals over the age of 65. Replacement mortality appeared as a possibility for men and
women from HIC, including Sweden, that were pension age.

Ultimately, we consider this figure to represent those who were able to protect themselves
better than others during the pandemic, who had a position in society that offered more
protection in general, or who benefited more from national pandemic recommendations, such
as working from home. We additionally interpret some groups as showing signs of replacement
mortality, whereby some deaths did not occur that usually would have and they died from
COVID-19 instead. The size of the orange bar could be said to indicate the death of individuals
who would have most likely died in 2020 without the pandemic occurring.

2 Defined as March 12, 2020, to Dec 31%, 2020
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Figure 1: Mortality improvement in 2020 compared to 2019 when includingCOVID-19 mortality (purple bar)
and when excluding COVID-19 mortality (orange bar)- 2020 all year

Note: Sec. - refers to primary education; LMIC = low and middle-income countries, HIC = high-income
countries; SE = born in Sweden.

Figure 2 shows groups with excess mortality during 2020, compared to 2019, but for whom
mortality due to all other causes of death (i.e., not COVID-19) was lower than in 2019. The
most common pattern in 2020 is represented here, comprising 68,260 deaths in total (89.1% of
all deaths). The smallest group only includes 92 deaths, the largest group 12,368 deaths. This
pattern is what we might call the default scenario, because we would expect that those who are
at risk of mortality in this period to be most vulnerable to COVID-19. As in Figure 1, this figure
also shows the groups for which there may be some element of replacement mortality in 2020,
meaning some deaths here would have occurred without the pandemic but due to different
causes.

We present a mirrored image of decline and increase in 2020 mortality compared to 2019. On
the left side of the x-axis (orange bar) is the relative decrease in mortality in percent if we
exclude COVID-19 mortality. On the right side (purple) is the percent increase in mortality if
we do not exclude COVID-19 mortality. The purple bar represents excess mortality in 2020 in
percent as compared to 2019. The sum of the purple and orange bar represents the total impact

9



of COVID-19 deaths on the group-specific mortality. If we assume expected mortality in 2020
to be similar to the levels of 2019, the orange bar can be indicative of mortality replacement,
suggesting that this is the share of all deaths that would have been taken place even without the
COVID-19 pandemic but that were recorded as COVID-19 deaths.

The dominant characteristic in these profiles is being of pension age. Many of the groups with
the largest excess mortality in 2020 are men with an immigrant background. Overall, there also
seems to be a tendency towards being unmarried and lower educated, with primary education
being the most prevalent educational level among these groups. The profile that had the most
excess mortality due to COVID-19, and potentially experienced a small portion of
“replacement” mortality as well, was pension age men who were married, had a low education
level and were born in LMIC.

We would expect to see a substantive orange bar with a negligible purple bar if COVID-19
mortality could be said to have caused the death of individuals who would have most likely
died in 2020 without the pandemic occurring. The profile that comes closest to fitting this
scenario is at the bottom of the figure: pension age women that are single, have a low
educational level and were Swedish-born.

The general pattern is again reflected in the first wave (See Appendix A2) but not in the second,;
the excess mortality in the second wave was driven as well by elderly male migrants (in
particular from HIC). Instead of seeing increased diversity in the profiles sharing the pattern in
the second wave, such as we saw in relation to Figure 1, we instead see a lessening of diversity
here. In other words, fewer groups in the second wave experienced excess mortality with some
sign of replacement than in the first wave. This is what we would expect to see if the frailest
individuals were most vulnerable to COVID-19.
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Figure 2: Excess risk of dying in 2020 as compared to 2019 with COVID-19 mortality (purple bar) and without
COVID-19 mortality (orange bar) - 2020 all year

Note: Sec. - refers to primary education, LMIC = low and middle-income countries, HIC = high-income
countries; SE = born in Sweden.

Figure 3 shows all groups with excess mortality in 2020 with and without COVID-19. The
pattern appearing here either indicates underreporting of COVID-19 mortality or indirect
effects of the COVID-19 pandemic on other causes of death, or a mixture of both. The sum of
the orange and purple bars gives the total excess mortality in percent in 2020. The purple bar
gives the excess mortality that is due to COVID-19 deaths. The orange bar represents the excess
due to all other causes of deaths, meaning that deaths to other causes were also higher than in
2019 and those groups would have experienced excess mortality even without including
COVID-19 deaths. The groups experiencing this pattern are heterogeneous and so are the effect
sizes in terms of excess mortality. In total, these groups comprise 5,661 deaths (7.4% of all
deaths), ranging from just 36 deaths to 2,523 deaths in any single group in 2020. The vast
majority of groups exhibiting this pattern include foreign-born individuals with relatively few
deaths in total. But the profile that experienced the largest relative amount of under-reporting
or indirect COVID-19 deaths was working-age women who were unmarried, low educated,
and born in LMIC.

Separating the first and second COVID-19 wave in Sweden, we found a more equal distribution
of groups according to country of birth that experienced under-reporting or indirect deaths in
the first wave of the pandemic. But by the second wave, the picture changed dramatically and
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only foreign-born groups experienced excess mortality with and without including COVID-19
deaths. This indicates continued underreporting of COVID-19 deaths or indirect effects of the
COVID-19 pandemic on other causes of death for these groups, particularly those born in
LMIC. No Sweden-born group continued to experience this in the second half of 2020 (see
Appendix Figure A3).

Characteristics O 2020 without COVID-19 [l 2020 with COVID-19
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Figure 3: Excess risk of dying in 2020 as compared to 2019 with COVID-19 mortality (purple bar) and without
COVID-19 mortality (orange bar) - 2020 all year

Note: Sec. - refers to primary education; LMIC = low and middle-income countries, HIC = high-income
countries; SE = born in Sweden.

Lastly, in Figure 4 and 5 we explore relative changes in mortality observed in Figures 1-3
translate into changes in the absolute risk of dying. These figures therefore show us the
magnitude of changes, which of the groups were driving the overall excess in Sweden, and
whether these changes impact the sociodemographic inequalities observed before the COVID-
19 pandemic. Groups are organized so that all shared characteristics are differentiated only by
country of birth. . Figure 4 gives the results for the working-age population (ages 21-65) and
compares the absolute mortality from all causes of deaths in 2020, with the mortality observed
in 2019. The main take-away is that the mortality among Swedes and immigrants from high-
income countries tend to be similar both before and during the COVID-19 pandemic. However,
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for some of the profiles this means that the gap between migrants (in particular from LMIC)
and natives in terms of mortality was reduced in 2020. For example, at the top of the figure, it
is apparent that 2020 absolute rates are more similar for women from Sweden, HIC and LMIC
than in 2019. Comparing to figure 3, Figure 4 shows that the large relative changes are
happening in the context of low levels of absolute mortality.

Characteristics 2019 2020
Sex Age Married Educ. Origins
¢ 21-64 & - SE
¢ 21-64 & - HIC
¢ 21-64 & - LMIC
Q 21-64 & < SE
Q 21-64 & < HIC
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¢ 21-64 = SE
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4 21-64 & < LMIC
3 21-64 - - SE
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Mortality rates (deaths per 1,000 person years)

Figure 4: Absolute risk of dying in 2019 and 2020 ages 21-65
Note: Sec. - refers to primary education; LMIC = low and middle-income countries, HIC = high-income
countries; SE = born in Sweden.

Figure 5 shows the same results for the population in retirement ages (65+). This figure
confirms the higher mortality across almost the entire group in 2020 compared to 2019, when
looking at all causes of deaths. In 2020, we observed stronger relative increases in mortality
among migrant groups than among natives. For most profiles, however, we still observe high
absolute mortality for those from high-income countries as compared to the natives. For those
from low- and middle-income countries, we continue to observe an overall mortality advantage
also in 2020, which reflects the usual healthy migrant effect (Wallace and Wilson 2019).
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Characteristics 2019 2020
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Figure 5: Absolute risk of dying in 2019 and 2020 ages 65+
Note: Sec. - refers to primary education; LMIC = low and middle-income countries, HIC = high-income
countries; SE = born in Sweden.

Discussion

Since the pandemic started approximately 6.6 million people globally have died to date of
COVID-19 (WHO 2020, 2023), but that figure might be significantly underestimated. This is
true even in contexts that provide daily mortality data. The cumulative excess mortality
experienced worldwide during the pandemic makes COVID-19 related mortality one of the
leading causes of death during the pandemic (Vos et al. 2020). Understanding the true mortality
impact of the COVID-19 pandemic is crucial for public health decision making (Wang et al.
2022).

To assess the entire burden associated with COVID-19, excess mortality has therefore been
suggested as an important alternative to COVID-19 death rates (Karlinsky and Kobak 2021).
Previous studies have shown that excess mortality, estimated as a difference in the current
mortality trend from previous years, has not been uniformly distributed across the population
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(Andersson et al. 2021). Cause-specific mortality data are essential to gain a better
understanding of the burden associated with COVID-19 mortality. This study aimed to estimate
excess mortality in Sweden, broken down by different population subgroups on the basis of
age, sex, country of birth, marital status, and education, comparing previous mortality rates
(2019) with those during the pandemic (2020), with and without including officially recorded
COVIDI19 deaths. More precisely, we have used the Swedish population registers that include
cause of death in 2020, including COVID-19 related mortality events. We estimated excess
mortality both with and without COVID-19 deaths and compared all-cause mortality and
cause-specific mortality with the same period in 2019. In this way, we should be able to
estimate the real extent to which the COVID-19 epidemic increased mortality and quantify the
amount of underestimation of COVID-19 mortality for specific groups.

Excess mortality varied across a variety of socio-demographic characteristics, and was not
restricted to the oldest and/or foreign-born. We observed groups for which the overall effect
was a decline in death rates, other groups for which COVID-19 outpaced the effect of a decline
in other causes of mortality, and groups for which both COVID-19 and other causes of death
increased. This study supports previous research (e.g Stokes et al. 2021): many of those who
died in 2020 would not have without the pandemic. In addition, we found that the share of
COVID-19 deaths that would have occurred even without the pandemic varies considerably by
socio-demographic group. The two main patterns we found were that 1) when there was a
substantial portion of deaths that were avoided, these were usually replaced by very little
COVID-19 mortality, and 2) overall excess mortality usually was accompanied by very little
reduction, if at all, in other causes of mortality. Our results indicate strong underestimation /
underreporting of COVID-19 mortality mainly among individuals with a migrant background,
however we are not able to distinguish whether this was due to direct COVID-19 related deaths
or collateral deaths due to pandemic conditions. In addition, the experience of high relative
excess mortality for some migrant groups continued into the later COVID-19 wave.

Despite the high quality of the Swedish data, our study has a limitation: our socio-demographic
information are recorded one or two years before the pandemic, which could lead to reduced
precision in the measures for civil status and education, particularly for young individuals who
transition between different civil and education statuses more frequently. However, neither of
these characteristics would be expected to change regularly, unlike other measures of SES such
as income. Additionally, when looking at the absolute risks, we should keep in mind that the
age profiles of immigrants according to LMIC and HIC might be different. With the HIC
dominated by, e.g., Finnish (older migrant group with generally higher mortality) while LMIC
dominated by, e.g., Syrians with a younger age structure and generally lower mortality. This
difference, however, does not influence our findings related to relative changes.

The findings from this study contribute to the literature in multiple ways: First, our results show
remarkable diversity in how the pandemic impacted death rates across socio-demographic
groups, and not just in terms of the size of effects. Once again this study confirms the
importance of age in estimating excess COVID-19 mortality, as well as the effect of the country
of origin, civil status, and educational attainment (Drefahl et al. 2020; Rostila et al. 2021).

Second, we identified profiles according to combinations of characteristics that were
particularly likely to be represented in the more unfavorable patterns and among groups with
the greatest losses. Working age men and women from LMIC that were married and primary
educated had the greatest relative excess mortality of all groups in comparison to 2019. The
main pattern (89%) in the deaths observed in 2020 was reduced mortality due to other causes,
but overall excess mortality that was driven by COVID-19. The profile most affected by this
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pattern was pension-aged, married men that were primary educated and born in LMIC. Less
common (7%) was the pattern of under-reporting or collateral damage that was most prevalent
for working-age women who were unmarried, low educated and born in LMIC. Reduced
health-seeking behavior, an overburdened health care system, stress/anxiety due to catching
the coronavirus, as well as a widowhood mortality effect from losing a spouse to COVID-19
are all potential indirect factors that could have inflated other causes of death and may be
considered in a total toll of COVID-19.

Third, we showed that there are some groups for which the impact of the pandemic did not lead
to excess mortality. In fact, we find what can be called a “protection” effect for some groups,
whereby deaths from other causes declined substantially and the effect of adding COVID-19
mortality was still negative. These groups were all working age, primarily married women, and
almost all born in high income countries (including Sweden). In particular, the group that
benefited the most was highly educated, married women born in HIC. We interpret this to mean
that these groups benefitted in a few different ways. They may have experienced less risk of
infection due to the limited measures put in place to slow the spread of coronavirus, such as
working from home, or by taking extra precautions to protect themselves such as wearing face
masks or avoiding public spaces. The pandemic may have brought about general changes in
daily living that could have particularly decreased these groups’ exposure to risk, such as
through driving less. However, the recommendations and lockdowns did not lead to fewer
deaths for other causes e.g. road accidents and less spread of influensa, in the first wave in
Sweden (Yasin, Grivna, and Abu-Zidan 2021), which is in line with results in other countries
(e.g.US National Safety Council 2021). These groups also may have been at a lower risk of
dying from an infection due to having overall better health and the long-term effects of a higher
social status and better health behavior.

Our results provide evidence that COVID-19 mortality was underestimated or underreported
in Sweden, a country that is generally regarded as having excellent data on its population. There
was some indication already that, especially early in the pandemic, registration of COVID-19
related mortality was insufficient, leading to underestimation of deaths associated with
COVID-19 (Mungmunpuntipantip and Wiwanitkit 2021; Rozenfeld et al. 2021; Salottolo et al.
2021).

Finally, disaggregated rates across waves 1 and 2 of the pandemic in Sweden provide some
insight into the developments across time, when testing had become more widespread and the
healthcare system had had more time to adjust to the new demands. Over time we found that
more groups joined the “protected” pattern of mortality rates, by which we mean that they
reached a decline in overall mortality during the second wave. As expected, we found less
evidence of the default mortality pattern in the second wave than the first: substantially fewer
groups exhibited lower mortality rates from other cause at the same time that they had high
enough COVID-19 mortality to generate net excess mortality. Even the small amount of
replacement mortality we found, therefore, peaked in the first wave and declined in the second.
And also as expected, we found less under-reporting of COVID-10 mortality in the second
wave compared to the first. The improvements in testing capacity likely brought about great
improvements in assigning cause of death correctly. We still found some groups with
substantial excess mortality in the second wave that was not attributed to COVID-19, which
points to the possibility of the pandemic indirectly increasing mortality. Why there is around a
50% increase in mortality for working age, unmarried, low educated men and women born in
foreign countries in the second wave is an important public health question and may potentially
give a more holistic picture of the pandemic effect. It remains for future research to uncover
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the mortality differentials that occurred in the last wave of the pandemic during 2021, as well
as the possible long-term effects on all-cause and cause-specific mortality during the post-
pandemic period.

Acknowledgements

We are grateful for financial support from the Swedish Research Council for Health, Working
life and Welfare (FORTE), grant number 2016-07115.

References

Alicandro, Gianfranco, Giuseppe Remuzzi, and Carlo La Vecchia. 2020. “Italy’s First Wave
of the COVID-19 Pandemic Has Ended: No Excess Mortality in May, 2020.” The
Lancet 396(10253):e27-28. doi: 10.1016/S0140-6736(20)31865-1.

Andersson, Gunnar, Sven Drefahl, Eleonora Mussino, Karin Modig, and Anna Meyer. 2021.
Dodlighet Och Sjuklighet i Covid-19 i Sverige under Mars 2020 — Februari 2021.
2021:89. Stockholm: Corona Kommissionen.

Aradhya, Siddartha, Maria Brandén, Sven Drefahl, Ognjen Obuc¢ina, Gunnar Andersson,
Mikael Rostila, Eleonora Mussino, and Sol Pia Juarez. 2021. “Intermarriage and
COVID-19 Mortality among Immigrants. A Population-Based Cohort Study from
Sweden.” BMJ Open 11(9):e048952. doi: 10.1136/bmjopen-2021-048952.

Beaney, Thomas, Jonathan M. Clarke, Vageesh Jain, Amelia Kataria Golestaneh, Gemma
Lyons, David Salman, and Azeem Majeed. 2020. “Excess Mortality: The Gold
Standard in Measuring the Impact of COVID-19 Worldwide?” Journal of the Royal
Society of Medicine 113(9):329-34. doi: 10.1177/0141076820956802.

Biswas, Raaj Kishore, Awan Afiaz, and Samin Huq. 2020. “Underreporting COVID-19: The
Curious Case of the Indian Subcontinent.” Epidemiology and Infection 148:¢207. doi:
10.1017/50950268820002095.

Blangiardo, Marta, Michela Cameletti, Monica Pirani, Gianni Corsetti, Marco Battaglini, and
Gianluca Baio. 2020. “Estimating Weekly Excess Mortality at Sub-National Level in
Italy during the COVID-19 Pandemic” edited by L. Manzoli. PLOS ONE
15(10):€0240286. doi: 10.1371/journal.pone.0240286.

Boka, Debra M., and Howard Wainer. 2020. “How Can We Estimate the Death Toll from
COVID-19?” CHANCE 33(3):67-72. doi: 10.1080/09332480.2020.1787743.

Bradshaw, D., R. E. Dorrington, R. Laubscher, T. A. Moultrie, and P. Groenewald. 2021.
“Tracking Mortality in near to Real Time Provides Essential Information about the
Impact of the COVID-19 Pandemic in South Africa in 2020.” South African Medical
Journal 111(8):732. doi: 10.7196/SAMJ.2021.v111i8.15809.

17



Brandén, Maria, Siddartha Aradhya, Martin Kolk, Juho Harkénen, Sven Drefahl, Bo
Malmberg, Mikael Rostila, Agneta Cederstrom, Gunnar Andersson, and Eleonora
Mussino. 2020. “Residential Context and COVID-19 Mortality among Adults Aged
70 Years and Older in Stockholm: A Population-Based, Observational Study Using
Individual-Level Data.” The Lancet Healthy Longevity 1(2):e80—88. doi:
10.1016/S2666-7568(20)30016-7.

Calderon-Larrafiaga, Amaia, Serhiy Dekhtyar, Davide L. Vetrano, Tom Bellander, and Laura
Fratiglioni. 2020. “COVID-19: Risk Accumulation among Biologically and Socially
Vulnerable Older Populations.” Ageing Research Reviews 63. doi:
10.1016/j.arr.2020.101149.

Davies, Bethan, Brandon L. Parkes, James Bennett, Daniela Fecht, Marta Blangiardo, Majid
Ezzati, and Paul Elliott. 2021. “Community Factors and Excess Mortality in First
Wave of the COVID-19 Pandemic in England.” Nature Communications 12(1):3755.
doi: 10.1038/s41467-021-23935-x.

Dinmohamed, Avinash G., Otto Visser, Rob H. A. Verhoeven, Marieke W. J. Louwman,
Francien H. van Nederveen, Stefan M. Willems, Matthias A. W. Merkx, Valery E. P.
P. Lemmens, Iris D. Nagtegaal, and Sabine Siesling. 2020. “Fewer Cancer Diagnoses
during the COVID-19 Epidemic in the Netherlands.” The Lancet Oncology
21(6):750-51. doi: 10.1016/S1470-2045(20)30265-5.

Dong, Ensheng, Hongru Du, and Lauren Gardner. 2020. “An Interactive Web-Based
Dashboard to Track COVID-19 in Real Time.” The Lancet Infectious Diseases
20(5):533-34. doi: 10.1016/S1473-3099(20)30120-1.

Drefahl, Sven, Matthew Wallace, Eleonora Mussino, Siddartha Aradhya, Martin Kolk, Maria
Brandén, Bo Malmberg, and Gunnar Andersson. 2020. “A Population-Based Cohort
Study of Socio-Demographic Risk Factors for COVID-19 Deaths in Sweden.” Nature
Communications 11(1):5097. doi: 10.1038/s41467-020-18926-3.

Folino, Antonio Franco, Alessandro Zorzi, Carlo Cernetti, Domenico Marchese, Giampaolo
Pasquetto, Loris Roncon, Salvatore Sacca, Sakis Themistoclakis, Giovanni Turiano,
Roberto Verlato, Martina Perazzolo Marra, Dario Gregori, and Sabino Iliceto. 2020.
“Impact of COVID-19 Epidemic on Coronary Care Unit Accesses for Acute Coronary
Syndrome in Veneto Region, Italy.” American Heart Journal 226:26-28. doi:
10.1016/j.ahj.2020.04.021.

Ghafari, Mahan, Alireza Kadivar, and Aris Katzourakis. 2021. “Excess Deaths Associated
with the Iranian COVID-19 Epidemic: A Province-Level Analysis.” International
Journal of Infectious Diseases 107:101-15. doi: 10.1016/;.1jid.2021.04.015.

Ghislandi, Simone, Raya Muttarak, Markus Sauerberg, and Benedetta Scotti. 2020. News
from the Front: Estimation of Excess Mortality and Life Expectancy in the Major
Epicenters of the COVID-19 Pandemic in Italy. preprint. Health Policy. doi:
10.1101/2020.04.29.20084335.

Herby, Jonas. 2020. “Mortality Displacement: Exceptionally Many Vulnerable — ‘Dry

Tinder’ — in Sweden Prior to COVID-19.” SSRN Electronic Journal. doi:
10.2139/ssrn.3702595.

18



Hollinghurst, Joe, Jane Lyons, Richard Fry, Ashley Akbari, Mike Gravenor, Alan Watkins,
Fiona Verity, and Ronan A. Lyons. 2021. “The Impact of COVID-19 on Adjusted
Mortality Risk in Care Homes for Older Adults in Wales, UK: A Retrospective
Population-Based Cohort Study for Mortality in 2016-2020.” Age and Ageing
50(1):25-31. doi: 10.1093/ageing/afaa207.

Islam, Nazrul, Kamlesh Khunti, Hajira Dambha-Miller, Ichiro Kawachi, and Michael
Marmot. 2020. “COVID-19 Mortality: A Complex Interplay of Sex, Gender, and
Ethnicity.” European Journal of Public Health ckaal50. doi:
10.1093/eurpub/ckaal 50.

Islam, Nazrul, Vladimir M. Shkolnikov, Rolando J. Acosta, Ilya Klimkin, Ichiro Kawachi,
Rafael A. Irizarry, Gianfranco Alicandro, Kamlesh Khunti, Tom Yates, Dmitri A.
Jdanov, Martin White, Sarah Lewington, and Ben Lacey. 2021. “Excess Deaths
Associated with Covid-19 Pandemic in 2020: Age and Sex Disaggregated Time
Series Analysis in 29 High Income Countries.” BMJn1137. doi: 10.1136/bmj.n1137.

Kaczorowski, Janusz, and Claudio Del Grande. 2021. “Beyond the Tip of the Iceberg: Direct
and Indirect Effects of COVID-19.” The Lancet Digital Health 3(4):e205-6. doi:
10.1016/S2589-7500(21)00024-8.

Karanikolos, Marina, and Martin McKee. 2020. “How Comparable Is COVID-19 Mortality
across Countries? — Cross-Country Analysis.” COVID-19 Health System Response
Monitor. Retrieved January 23, 2023
(https://analysis.covid19healthsystem.org/index.php/2020/06/04/how-comparable-is-
covid-19-mortality-across-countries/).

Karlinsky, Ariel, and Dmitry Kobak. 2021. “Tracking Excess Mortality across Countries
during the COVID-19 Pandemic with the World Mortality Dataset” edited by M. P.
Davenport, M. Lipsitch, M. Lipsitch, L. Simonsen, and A. Mahmud. ELife 10:¢69336.
doi: 10.7554/eLife.69336.

Kepp, Kasper P., Jonas Bjork, Vasilis Kontis, Robbie M. Parks, Kristoffer T. Bek, Louise
Emilsson, and Tea Lallukka. 2022. “Estimates of Excess Mortality for the Five
Nordic Countries during the COVID-19 Pandemic 2020—-2021.” International Journal
of Epidemiology 51(6):1722-32. doi: 10.1093/ije/dyac204.

Kobak, Dmitry. 2021. “Excess Mortality Reveals Covid’s True Toll in Russia.” Significance
18(1):16—19. doi: 10.1111/1740-9713.01486.

Kolk, Martin, Sven Drefahl, Matthew Wallace, and Gunnar Andersson. 2022. “Excess
Mortality and COVID-19 in Sweden in 2020: A Demographic Account.” Vienna
Yearbook of Population Research. doi: 10.1553/populationyearbook2022.res2.2.

Konstantinoudis, Garyfallos, Michela Cameletti, Virgilio Gémez-Rubio, Inmaculada Leén
Gomez, Monica Pirani, Gianluca Baio, Amparo Larrauri, Julien Riou, Matthias Egger,
Paolo Vineis, and Marta Blangiardo. 2022. “Regional Excess Mortality during the
2020 COVID-19 Pandemic in Five European Countries.” Nature Communications
13(1):482. doi: 10.1038/s41467-022-28157-3.

19



Konstantinoudis, Garyfallos, Tullia Padellini, James Bennett, Bethan Davies, Majid Ezzati,
and Marta Blangiardo. 2021. “Long-Term Exposure to Air-Pollution and COVID-19
Mortality in England: A Hierarchical Spatial Analysis.” Environment International
146:106316. doi: 10.1016/j.envint.2020.106316.

Kontis, Vasilis, James E. Bennett, Theo Rashid, Robbie M. Parks, Jonathan Pearson-Stuttard,
Michel Guillot, Perviz Asaria, Bin Zhou, Marco Battaglini, Gianni Corsetti, Martin
McKee, Mariachiara Di Cesare, Colin D. Mathers, and Majid Ezzati. 2020.
“Magnitude, Demographics and Dynamics of the Effect of the First Wave of the
COVID-19 Pandemic on All-Cause Mortality in 21 Industrialized Countries.” Nature
Medicine 26(12):1919-28. doi: 10.1038/s41591-020-1112-0.

Krieger, Nancy, Pamela D. Waterman, and Jarvis T. Chen. 2020. “COVID-19 and Overall
Mortality Inequities in the Surge in Death Rates by Zip Code Characteristics:
Massachusetts, January 1 to May 19, 2020.” American Journal of Public Health
110(12):1850-52. doi: 10.2105/AJPH.2020.305913.

Kung, Stacey, Marjan Doppen, Melissa Black, Tom Hills, and Nethmi Kearns. 2021.
“Reduced Mortality in New Zealand during the COVID-19 Pandemic.” The Lancet
397(10268):25. doi: 10.1016/S0140-6736(20)32647-7.

Kupek, Emil. 2021. “How Many More? Under-reporting of the COVID-19 Deaths in Brazil
in 2020.” Tropical Medicine & International Health 26(9):1019-28. doi:
10.1111/tmi.13628.

Lau, H., T. Khosrawipour, P. Kocbach, H. Ichii, J. Bania, and V. Khosrawipour. 2021.
“Evaluating the Massive Underreporting and Undertesting of COVID-19 Cases in
Multiple Global Epicenters.” Pulmonology 27(2):110-15. doi:
10.1016/j.pulmoe.2020.05.015.

Li, Xiaochen, Shuyun Xu, Muqing Yu, Ke Wang, Yu Tao, Ying Zhou, Jing Shi, Min Zhou,
Bo Wu, Zhenyu Yang, Cong Zhang, Junqing Yue, Zhiguo Zhang, Harald Renz,
Xiansheng Liu, Jungang Xie, Min Xie, and Jianping Zhao. 2020. “Risk Factors for
Severity and Mortality in Adult COVID-19 Inpatients in Wuhan.” Journal of Allergy
and Clinical Immunology S0091674920304954. doi: 10.1016/j.jaci.2020.04.006.

Li, Yumeng, Fang Fang, and Mengying He. 2020. “RESEARCHFactors Associated with
Nursing Homes’ Late Participation in COVID -19 Reporting.” Journal of the
American Geriatrics Society 68(11):2468—69. doi: 10.1111/jgs.16810.

Milken Institute. 2018. Ascertainment of the Estimated Excess Mortality From Hurricane
Maria in Puerto Rico. Milken Institute School of Public Health.

Modi, Chirag, Vanessa Bohm, Simone Ferraro, George Stein, and Uros Seljak. 2021.
“Estimating COVID-19 Mortality in Italy Early in the COVID-19 Pandemic.” Nature
Communications 12(1):2729. doi: 10.1038/s41467-021-22944-0.

Modig, K., M. Lambe, A. Ahlbom, and M. Ebeling. 2021. “Excess Mortality for Men and
Women above Age 70 According to Level of Care during the First Wave of COVID-
19 Pandemic in Sweden: A Population-Based Study.” The Lancet Regional Health -
Europe 4:100072. doi: 10.1016/j.1anepe.2021.100072.

20



Msemburi, William, Ariel Karlinsky, Victoria Knutson, Serge Aleshin-Guendel, Somnath
Chatterji, and Jon Wakefield. 2023. “The WHO Estimates of Excess Mortality
Associated with the COVID-19 Pandemic.” Nature 613(7942):130-37. doi:
10.1038/s41586-022-05522-2.

Mungmunpuntipantip, R., and V. Wiwanitkit. 2021. “The COVID-19 Pandemic and Traffic
Accidents.” South African Medical Journal 111(3):192. doi:
10.7196/SAMJ.2021.v111i3.15531.

Murray, Christopher JL, Alan D. Lopez, Brian Chin, Dennis Feehan, and Kenneth H. Hill.
2006. “Estimation of Potential Global Pandemic Influenza Mortality on the Basis of
Vital Registry Data from the 1918-20 Pandemic: A Quantitative Analysis.” The
Lancet 368(9554):2211-18. doi: 10.1016/S0140-6736(06)69895-4.

Nepomuceno, Marilia R., Ilya Klimkin, Dmitri A. Jdanov, Ainhoa Alustiza-Galarza, and
Vladimir M. Shkolnikov. 2022. “Sensitivity Analysis of Excess Mortality Due to the
COVID-19 Pandemic.” Population and Development Review 48(2):279-302. doi:
10.1111/padr.12475.

Remund, Adrien, Carlo G. Camarda, and Tim Riffe. 2018. “A Cause-of-Death
Decomposition of Young Adult Excess Mortality.” Demography 55(3):957-78. doi:
10.1007/s13524-018-0680-9.

Riffe, Tim, Enrique Acosta, the COVerAGE-DB team, Enrique José Acosta, Diego Manuel
Aburto, Anna Alburez-Gutierrez, Ainhoa Altova, Ugofilippo Alustiza, Simona
Basellini, Didier Bignami, Eungang Breton, Jorge Choi, Gonzalo Cimentada,
Emanuele De Armas, Alicia Del Fava, Viorela Delgado, Jessica Diaconu, Christian
Donzowa, Antonia Dudel, Alain Frohlich, Mariana Gagnon, Victor Garcia-
Criséstomo, Armando M Garcia-Guerrero, Irwin Gonzalez-Diaz, Dagnon Hecker,
Marina Eric Koba, Mine Kolobova, M¢lanie Kiihn, Chia Lépori, Andrea Liu,
Madalina Lozer, Lilian Manea, Muntasir Marey, Ryohei Masum, Céline Mogi, Saskia
Monicolle, Ronald Morwinsky, Mikko Musizvingoza, Marilia Myrskyld, Michelle R
Nepomuceno, Natalie Nickel, Anna Nitsche, Samuel Oksuzyan, Emmanuel Oladele,
Oluwafunke Olamijuwon, Soumaila Omodara, Mariana Ouedraogo, Marius Paredes,
Manuel D Pascariu, Raquel Piriz, Larbi Pollero, Federico Qanni, Filipe Rehermann,
Silvia Ribeiro, Francisco Rizzi, Adil Rowe, Isaac R Sarhan, Erez Sasson, Jiaxin
Shomron, Rafael Shi, Cosmo Silva-Ramirez, Catalina Strozza, Sergi Torres, Fumiya
Trias-Llimos, Alyson Uchikoshi, Paola van Raalte, Estevao Vazquez-Castillo,
Muhammad A Vilela, Ivan Ali Waqar, Virginia Williams, and Zarulli. 2021. “Data
Resource Profile: COVerAGE-DB: A Global Demographic Database of COVID-19
Cases and Deaths.” International Journal of Epidemiology 50(2):390-390f. doi:
10.1093/ije/dyab027.

Riou, Julien, Radoslaw Panczak, Christian L. Althaus, Christoph Junker, Damir Perisa,
Katrin Schneider, Nicola G. Criscuolo, Nicola Low, and Matthias Egger. 2021.
“Socioeconomic Position and the COVID-19 Care Cascade from Testing to Mortality
in Switzerland: A Population-Based Analysis.” The Lancet Public Health 6(9):¢683—
91. doi: 10.1016/S2468-2667(21)00160-2.

Rizzi, Silvia, Jes Segaard, and James W. Vaupel. 2022. “High Excess Deaths in Sweden
during the First Wave of COVID-19: Policy Deficiencies or ‘Dry Tinder’?”

21



Scandinavian Journal of Public Health 50(1):33-37. doi:
10.1177/14034948211027818.

Rizzi, Silvia, Cosmo Strozza, and Virginia Zarulli. 2022. “Sex-Differences in Excess Death
Risk during the COVID-19 Pandemic: An Analysis of the First Wave across Italian
Regions. What Have We Learned?” Genus 78(1):24. doi: 10.1186/s41118-022-00172-
8.

Rostila, Mikael, Agneta Cederstrom, Matthew Wallace, Maria Brandén, Bo Malmberg, and
Gunnar Andersson. 2021. “Disparities in COVID-19 Deaths by Country of Birth in
Stockholm, Sweden: A Total Population Based Cohort Study.” American Journal of
Epidemiology (kwab057). doi: 10.1093/aje/kwab057.

Rozenfeld, Michael, Kobi Peleg, Adi Givon, Miklosh Bala, Gad Shaked, Hany Bahouth, and
Moran Bodas. 2021. “COVID-19 Changed the Injury Patterns of Hospitalized
Patients.” Prehospital and Disaster Medicine 36(3):251-59. doi:
10.1017/51049023X21000285.

Salottolo, Kristin, Rachel Caiafa, Jalina Mueller, Allen Tanner, Matthew M. Carrick, Mark
Lieser, Gina Berg, and David Bar-Or. 2021. “Multicenter Study of US Trauma
Centers Examining the Effect of the COVID-19 Pandemic on Injury Causes,
Diagnoses and Procedures.” Trauma Surgery & Acute Care Open 6(1):¢000655. doi:
10.1136/tsaco-2020-000655.

Sanmarchi, Francesco, Davide Golinelli, Jacopo Lenzi, Francesco Esposito, Angelo
Capodici, Chiara Reno, and Dino Gibertoni. 2021. “Exploring the Gap Between
Excess Mortality and COVID-19 Deaths in 67 Countries.” JAMA Network Open
4(7):€2117359. doi: 10.1001/jamanetworkopen.2021.17359.

SCB. 2020. “Excess Mortality in Sweden Is Followed by Mortality Deficit.” Statistiska
Centralbyran. Retrieved January 23, 2023 (https://www.scb.se/en/About-us/news-
and-press-releases/excess-mortality-in-sweden-is-followed-by-mortality-deficit/).

Schwarz, Viktoria, Felix Mahfoud, Lucas Lauder, Wolfgang Reith, Stefanie Behnke, Sigrun
Smola, Jiirgen Rissland, Thorsten Pfuhl, Bruno Scheller, Michael B6hm, and
Sebastian Ewen. 2020. “Decline of Emergency Admissions for Cardiovascular and
Cerebrovascular Events after the Outbreak of COVID-19.” Clinical Research in
Cardiology 109(12):1500—1506. doi: 10.1007/s00392-020-01688-9.

Scortichini, Matteo, Rochelle Schneider dos Santos, Francesca De’ Donato, Manuela De
Sario, Paola Michelozzi, Marina Davoli, Pierre Masselot, Francesco Sera, and
Antonio Gasparrini. 2021. “Excess Mortality during the COVID-19 Outbreak in Italy:
A Two-Stage Interrupted Time-Series Analysis.” International Journal of
Epidemiology 49(6):1909—17. doi: 10.1093/ije/dyaal69.

Shilling, Fraser, and David Waetjen. 2020. Special Report(Update): Impact of COVIDI19
Mitigation on Numbers and Costs of California Traffic Crashes. UC Davis: Road
Ecology Center.

Simonsen, Lone, Peter Spreeuwenberg, Roger Lustig, Robert J. Taylor, Douglas M. Fleming,
Madelon Kroneman, Maria D. Van Kerkhove, Anthony W. Mounts, W. John Paget,

22



and the GLaMOR Collaborating Teams. 2013. “Global Mortality Estimates for the
2009 Influenza Pandemic from the GLaMOR Project: A Modeling Study” edited by
S. I. Hay. PLoS Medicine 10(11):¢1001558. doi: 10.1371/journal.pmed.1001558.

Spiegelhalter, David. 2020. “Coronavirus Deaths: How Does Britain Compare with Other
Countries?” The Guardian, April 30.

Stang, Andreas, Fabian Standl, Bernd Kowall, Bastian Brune, Juliane Bottcher, Marcus
Brinkmann, Ulf Dittmer, and Karl-Heinz Jockel. 2020. “Excess Mortality Due to
COVID-19 in Germany.” Journal of Infection 81(5):797-801. doi:
10.1016/j.jinf.2020.09.012.

Stokes, Andrew C., Dielle J. Lundberg, Irma T. Elo, Katherine Hempstead, Jacob Bor, and
Samuel H. Preston. 2021. “COVID-19 and Excess Mortality in the United States: A
County-Level Analysis” edited by A. B. Suthar. PLOS Medicine 18(5):¢1003571. doi:
10.1371/journal.pmed.1003571.

The Lancet. 2020. “The Gendered Dimensions of COVID-19.” The Lancet 395(10231):1168.
doi: 10.1016/S0140-6736(20)30823-0.

Varkey, Sherin, Eeshani Kandpal, and Sven Neelsen. 2022. “Why Addressing Inequality
Must Be Central to Pandemic Preparedness.” BMJ Global Health 7(9):¢010453. doi:
10.1136/bmjgh-2022-010453.

Vestergaard, Lasse S., Jens Nielsen, Lukas Richter, Daniela Schmid, Natalia Bustos, Toon
Braeye, Gleb Denissov, Tatjana Veideman, Oskari Luomala, Teemu Méttonen, Anne
Fouillet, Céline Caserio-Schonemann, Matthias an der Heiden, Helmut Uphoff,
Theodore Lytras, Kassiani Gkolfinopoulou, Anna Paldy, Lisa Domegan, Joan
O’Donnell, Francesca de’ Donato, Fiammetta Noccioli, Patrick Hoffmann, Telma
Velez, Kathleen England, Liselotte van Asten, Richard A. White, Ragnhild
Tennessen, Susana P. da Silva, Ana P. Rodrigues, Amparo Larrauri, Concepcién
Delgado-Sanz, Ahmed Farah, Ilias Galanis, Christoph Junker, Damir Perisa, Mary
Sinnathamby, Nick Andrews, Mark O’Doherty, Diogo FP Marquess, Sharon
Kennedy, Sonja J. Olsen, Richard Pebody, ECDC Public Health Emergency Team for
COVID-19, Tyra G. Krause, and Kire Mglbak. 2020. “Excess All-Cause Mortality
during the COVID-19 Pandemic in Europe — Preliminary Pooled Estimates from the
EuroMOMO Network, March to April 2020.” Eurosurveillance 25(26). doi:
10.2807/1560-7917.ES.2020.25.26.2001214.

Viboud, Cécile, Rebecca F. Grais, Bernard A. P. Lafont, Mark A. Miller, Lone Simonsen,
and Multinational Influenza Seasonal Mortality Study Group. 2005. “Multinational

Impact of the 1968 Hong Kong Influenza Pandemic: Evidence for a Smoldering
Pandemic.” The Journal of Infectious Diseases 192(2):233-48. doi: 10.1086/431150.

Viboud, Cécile, Lone Simonsen, Rodrigo Fuentes, Jose Flores, Mark A. Miller, and Gerardo
Chowell. 2016. “Global Mortality Impact of the 1957-1959 Influenza Pandemic.”
Journal of Infectious Diseases 213(5):738-45. doi: 10.1093/infdis/jiv534.

Vos, Theo, Stephen S. Lim, Cristiana Abbafati, Kaja M. Abbas, Mohammad Abbasi, Mitra
Abbasifard, Mohsen Abbasi-Kangevari, Hedayat Abbastabar, Foad Abd-Allah,
Ahmed Abdelalim, Mohammad Abdollahi, Ibrahim Abdollahpour, Hassan

23



Abolhassani, Victor Aboyans, Elissa M. Abrams, Lucas Guimaraes Abreu, Michael
R. M. Abrigo, Laith Jamal Abu-Raddad, Abdelrahman I. Abushouk, Alyssa Acebedo,
Ilana N. Ackerman, Maryam Adabi, Abdu A. Adamu, Oladimeji M. Adebayo, Victor
Adekanmbi, Jaimie D. Adelson, Olatunji O. Adetokunboh, Davoud Adham, Mahdi
Afshari, Ashkan Afshin, Emilie E. Agardh, Gina Agarwal, Kareha M. Agesa,
Mohammad Aghaali, Seyed Mohammad Kazem Aghamir, Anurag Agrawal, Tauseef
Ahmad, Alireza Ahmadi, Mehdi Ahmadi, Hamid Ahmadieh, Ehsan Ahmadpour,
Temesgen Yihunie Akalu, Rufus Olusola Akinyemi, Tomi Akinyemiju, Blessing
Akombi, Ziyad Al-Aly, Khurshid Alam, Noore Alam, Samiah Alam, Tahiya Alam,
Turki M. Alanzi, Samuel B. Albertson, Jacqueline Elizabeth Alcalde-Rabanal, Niguse
Meles Alema, Muhammad Ali, Saqib Ali, Gianfranco Alicandro, Mehran
Alijanzadeh, Cyrus Alinia, Vahid Alipour, Syed Mohamed Aljunid, Francois Alla,
Peter Allebeck, Amir Almasi-Hashiani, Jordi Alonso, Rajaa M. Al-Raddadi, Khalid
A. Altirkawi, Nelson Alvis-Guzman, Nelson J. Alvis-Zakzuk, Saeed Amini, Mostafa
Amini-Rarani, Arya Aminorroaya, Fatemeh Amiri, Arianna Maever L. Amit, Dickson
A. Amugsi, Gianna Gayle Herrera Amul, Deanna Anderlini, Catalina Liliana Andrei,
Tudorel Andrei, Mina Anjomshoa, Fereshteh Ansari, Iman Ansari, Alireza Ansari-
Moghaddam, Carl Abelardo T. Antonio, Catherine M. Antony, Ernoiz Antriyandarti,
Davood Anvari, Razique Anwer, Jalal Arabloo, Morteza Arab-Zozani, Aleksandr Y.
Aravkin, Filippo Ariani, Johan Arnlv, Krishna K. Aryal, Afsaneh Arzani, Mehran
Asadi-Aliabadi, Ali A. Asadi-Pooya, Babak Asghari, Charlie Ashbaugh, Desta
Debalkie Atnafu, Sachin R. Atre, Floriane Ausloos, Marcel Ausloos, Beatriz Paulina
Ayala Quintanilla, Getinet Ayano, Martin Amogre Ayanore, Yared Asmare Aynalem,
Samad Azari, Ghasem Azarian, Zelalem Nigussie Azene, Ebrahim Babaee, Alaa
Badawi, Mojtaba Bagherzadeh, Mohammad Hossein Bakhshaei, Ahad Bakhtiari,
Senthilkumar Balakrishnan, Shivanthi Balalla, Shelly Balassyano, Maciej Banach,
Palash Chandra Banik, Marlena S. Bannick, Agegnehu Bante Bante, Adhanom
Gebreegziabher Baraki, Miguel A. Barboza, Suzanne Lyn Barker-Collo, Celine M.
Barthelemy, Lingkan Barua, Akbar Barzegar, Sanjay Basu, Bernhard T. Baune,
Mohsen Bayati, Gholamreza Bazmandegan, Neeraj Bedi, Ettore Beghi, Yannick
Béjot, Aminu K. Bello, Rose G. Bender, Derrick A. Bennett, Fiona B. Bennitt, Isabela
M. Bensenor, Catherine P. Benziger, Kidanemaryam Berhe, Eduardo Bernabe,
Gregory J. Bertolacci, Reshmi Bhageerathy, Neeraj Bhala, Dinesh Bhandari, Pankaj
Bhardwaj, Krittika Bhattacharyya, Zulfigar A. Bhutta, Sadia Bibi, Molly H. Biehl,
Boris Bikbov, Muhammad Shahdaat Bin Sayeed, Antonio Biondi, Binyam Minuye
Birihane, Donal Bisanzio, Catherine Bisignano, Raaj Kishore Biswas, Somayeh
Bohlouli, Mehdi Bohluli, Srinivasa Rao Rao Bolla, Archith Boloor, Alexandra S.
Boon-Dooley, Guilherme Borges, Antonio Maria Borzi, Rupert Bourne, Oliver J.
Brady, Michael Brauer, Carol Brayne, Nicholas J. K. Breitborde, Hermann Brenner,
Paul Svitil Briant, Andrew M. Briggs, Nikolay Ivanovich Briko, Gabrielle B. Britton,
Dana Bryazka, Rachelle Buchbinder, Blair R. Bumgarner, Reinhard Busse, Zahid A.
Butt, Florentino Luciano Caetano dos Santos, Luis LA Alberto Camera, Ismael R.
Campos-Nonato, Josip Car, Rosario Cardenas, Giulia Carreras, Juan J. Carrero, Felix
Carvalho, Joao Mauricio Castaldelli-Maia, Carlos A. Castafieda-Orjuela, Giulio
Castelpietra, Chris D. Castle, Franz Castro, Ferran Catala-Lopez, Kate Causey,
Christopher R. Cederroth, Kelly M. Cercy, Ester Cerin, Joht Singh Chandan, Alex R.
Chang, Fiona J. Charlson, Vijay Kumar Chattu, Sarika Chaturvedi, Odgerel Chimed-
Ochir, Ken Lee Chin, Daniel Youngwhan Cho, Hanne Christensen, Dinh-Toi Chu,
Michael T. Chung, Flavia M. Cicuttini, Liliana G. Ciobanu, Massimo Cirillo, Emma
L. Collins, Kelly Compton, Sara Conti, Paolo Angelo Cortesi, Vera Marisa Costa,

24



Ewerton Cousin, Richard G. Cowden, Benjamin C. Cowie, Elizabeth A. Cromwell, Di
H. Cross, Christopher Stephen Crowe, Jessica A. Cruz, Matthew Cunningham, Saad
M. A. Dahlawi, Giovanni Damiani, Lalit Dandona, Rakhi Dandona, Aso Mohammad
Darwesh, Ahmad Daryani, Jai K. Das, Rajat Das Gupta, Jos¢ das Neves, Claudio
Alberto Davila-Cervantes, Kairat Davletov, Diego De Leo, Frances E. Dean, Nicole
K. DeCleene, Amanda Deen, Louisa Degenhardt, Robert Paul Dellavalle, Feleke
Mekonnen Demeke, Desalegn Getnet Demsie, Edgar Denova-Gutiérrez, Nebiyu
Dereje Dereje, Nikolaos Dervenis, Rupak Desai, Assefa Desalew, Getenet Ayalew
Dessie, Samath Dhamminda Dharmaratne, Govinda Prasad Dhungana, Mostafa
Dianatinasab, Daniel Diaz, Zahra Sadat Dibaji Forooshani, Zachary V. Dingels, M.
Ashworth Dirac, Shirin Djalalinia, Hoa Thi Do, Klara Dokova, Fariba Dorostkar,
Chirag P. Doshi, Leila Doshmangir, Abdel Douiri, Matthew C. Doxey, Tim Robert
Driscoll, Susanna J. Dunachie, Bruce B. Duncan, Andre Rodrigues Duraes, Arielle
Wilder Eagan, Mohammad Ebrahimi Kalan, David Edvardsson, Joshua R. Ehrlich,
Nevine El Nahas, Iman El Sayed, Maha El Tantawi, Iffat Elbarazi, Islam Y. Elgendy,
Hala Rashad Elhabashy, Shaimaa I. El-Jaafary, Igbal RF Elyazar, Mohammad Hassan
Emamian, Sophia Emmons-Bell, Holly E. Erskine, Babak Eshrati, Sharareh
Eskandarieh, Saman Esmaeilnejad, Firooz Esmaeilzadeh, Alireza Esteghamati, Kara
Estep, Arash Etemadi, Atkilt Esaiyas Etisso, Mohammad Farahmand, Anwar Faraj,
Mohammad Fareed, Roghiyeh Faridnia, Carla Sofia e S4 Farinha, Andrea Farioli,
Andre Faro, Mithila Faruque, Farshad Farzadfar, Nazir Fattahi, Mehdi Fazlzadeh,
Valery L. Feigin, Rachel Feldman, Seyed-Mohammad Fereshtehnejad, Eduarda
Fernandes, Alize J. Ferrari, Manuela L. Ferreira, Irina Filip, Florian Fischer, James L.
Fisher, Ryan Fitzgerald, Carsten Flohr, Luisa Sorio Flor, Nataliya A. Foigt, Morenike
Oluwatoyin Folayan, Lisa M. Force, Carla Fornari, Masoud Foroutan, Jack T. Fox,
Marisa Freitas, Weijia Fu, Takeshi Fukumoto, Jodo M. Furtado, Mohamed M. Gad,
Emmanuela Gakidou, Natalie C. Galles, Silvano Gallus, Amiran Gamkrelidze,
Alberto L. Garcia-Basteiro, William M. Gardner, Biniyam Sahiledengle
Geberemariyam, Abiyu Mekonnen Gebrehiwot, Ketema Bizuwork Gebremedhin,
Assefa Ayalew Ayalew Ayalew Gebreslassie, Anna Gershberg Hayoon, Peter W.
Gething, Maryam Ghadimi, Keyghobad Ghadiri, Mansour Ghafourifard, Alireza
Ghajar, Farhad Ghamari, Ahmad Ghashghaee, Hesam Ghiasvand, Nermin Ghith,
Asadollah Gholamian, Syed Amir Gilani, Paramjit Singh Gill, Mojgan
Gitimoghaddam, Giorgia Giussani, Srinivas Goli, Ricardo Santiago Gomez, Sameer
Vali Gopalani, Giuseppe Gorini, Taren M. Gorman, Harrison Chase Gottlich,
Houman Goudarzi, Alessandra C. Goulart, Barbara Niegia Garcia Goulart, Ayman
Grada, Michal Grivna, Giuseppe Grosso, Mohammed Ibrahim Mohialdeen Gubari,
Harish Chander Gugnani, Andre Luiz Sena Guimaraes, Rafael Alves Guimaraes,
Rashid Abdi Guled, Gaorui Guo, Yuming Guo, Rajeev Gupta, Juanita A. Haagsma,
Beatrix Haddock, Nima Hafezi-Nejad, Abdul Hafiz, Hailey Hagins, Lydia M. Haile,
Brian J. Hall, Iman Halvaei, Randah R. Hamadeh, Kanaan Hamagharib Abdullah,
Erin B. Hamilton, Chieh Han, Hannah Han, Graeme J. Hankey, Josep Maria Haro,
James D. Harvey, Ahmed I. Hasaballah, Amir Hasanzadeh, Maryam Hashemian,
Soheil Hassanipour, Hadi Hassankhani, Rasmus J. Havmoeller, Roderick J. Hay,
Simon I. Hay, Khezar Hayat, Behnam Heidari, Golnaz Heidari, Reza Heidari-
Soureshjani, Delia Hendrie, Hannah J. Henrikson, Nathaniel J. Henry, Claudiu
Herteliu, Fatemeh Heydarpour, Thomas R. Hird, Hans W. Hoek, Michael K. Hole,
Ramesh Holla, Praveen Hoogar, H. Dean Hosgood, Mehdi Hosseinzadeh, Mihaela
Hostiuc, Sorin Hostiuc, Mowafa Househ, Damian G. Hoy, Mohamed Hsairi, Vivian
Chia-rong Hsieh, Guoqing Hu, Tanvir M. Huda, Fernando N. Hugo, Chantal K.

25



Huynh, Bing-Fang Hwang, Vincent C. lannucci, Segun Emmanuel Ibitoye, Kevin S.
Ikuta, Olayinka Stephen Ilesanmi, Irena M. Ilic, Milena D. Ilic, Leeberk Raja Inbaraj,
Helen Ippolito, Seyed Sina Naghibi Irvani, M. Mofizul Islam, MdMohaimenul Islam,
Sheikh Mohammed Shariful Islam, Farhad Islami, Hiroyasu Iso, Rebecca Q. Ivers,
Chidozie C. D. Iwu, Ihoghosa Osamuyi Iyamu, Jalil Jaafari, Kathryn H. Jacobsen,
Farhad Jadidi-Niaragh, Hussain Jafari, Morteza Jafarinia, Deepa Jahagirdar,
Mohammad Ali Jahani, Nader Jahanmehr, Mihajlo Jakovljevic, Amir Jalali, Farzad
Jalilian, Spencer L. James, Hosna Janjani, Manthan Dilipkumar Janodia, Achala
Upendra Jayatilleke, Panniyammakal Jeemon, Ensiyeh Jenabi, Ravi Prakash Jha,
Vivekanand Jha, John S. Ji, Peng Jia, Oommen John, Yetunde O. John-Akinola,
Catherine Owens Johnson, Sarah Charlotte Johnson, Jost B. Jonas, Tamas Joo, Ankur
Joshi, Jacek Jerzy Jozwiak, Mikk Jiirisson, Ali Kabir, Zubair Kabir, Hamed Kalani,
Rizwan Kalani, Leila R. Kalankesh, Rohollah Kalhor, Zahra Kamiab, Tanuj Kanchan,
Behzad Karami Matin, André Karch, Mohd Anisul Karim, Salah Eddin Karimi,
Getachew Mullu Kassa, Nicholas J. Kassebaum, Srinivasa Vittal Katikireddi, Norito
Kawakami, Gbenga A. Kayode, Suzanne H. Keddie, Cathleen Keller, Maia
Kereselidze, Morteza Abdullatif Khafaie, Nauman Khalid, Maseer Khan, Khaled
Khatab, Mona M. Khater, Mahalaqua Nazli Khatib, Maryam Khayamzadeh,
Mohammad Taghi Khodayari, Roba Khundkar, Neda Kianipour, Christian Kieling,
Daniel Kim, Young-Eun Kim, Yun Jin Kim, Ruth W. Kimokoti, Adnan Kisa, Sezer
Kisa, Katarzyna Kissimova-Skarbek, Mika Kiviméki, Cameron J. Kneib, Ann Kristin
Skrindo Knudsen, Jonathan M. Kocarnik, Tufa Kolola, Jacek A. Kopec, Soewarta
Kosen, Parvaiz A. Koul, Ai Koyanagi, Michael A. Kravchenko, Kewal Krishan, Kris
J. Krohn, Barthelemy Kuate Defo, Burcu Kucuk Bicer, G. Anil Kumar, Manasi
Kumar, Pushpendra Kumar, Vivek Kumar, Girikumar Kumaresh, Om P. Kurmi, Dian
Kusuma, Hmwe Hmwe Kyu, Carlo La Vecchia, Ben Lacey, Dharmesh Kumar Lal,
Ratilal Lalloo, Jennifer O. Lam, Faris Hasan Lami, Ivan Landires, Justin J. Lang, Van
Charles Lansingh, Samantha Leigh Larson, Anders O. Larsson, Savita Lasrado, Zohra
S. Lassi, Kathryn Mei-Ming Lau, Pablo M. Lavados, Jeffrey V. Lazarus, Jorge R.
Ledesma, Paul H. Lee, Shaun Wen Huey Lee, Kate E. LeGrand, James Leigh, Matilde
Leonardi, Haley Lescinsky, Janni Leung, Miriam Levi, Sarah Lewington, Shanshan
Li, Lee-Ling Lim, Christine Lin, Ro-Ting Lin, Christine Linehan, Shai Linn, Hung-
Chun Liu, Shiwei Liu, Zichen Liu, Katharine J. Looker, Alan D. Lopez, Platon D.
Lopukhov, Stefan Lorkowski, Paulo A. Lotufo, Tim C. D. Lucas, Alessandra Lugo,
Raimundas Lunevicius, Ronan A. Lyons, Jianing Ma, Jennifer H. MacLachlan, Emilie
R. Maddison, Ralph Maddison, Fabiana Madotto, Phetole Walter Mahasha, Hue Thi
Mai, Azeem Majeed, Venkatesh Maled, Shokofeh Maleki, Reza Malekzadeh,
Deborah Carvalho Malta, Abdullah A. Mamun, Amir Manafi, Navid Manafi, Helena
Manguerra, Borhan Mansouri, Mohammad Ali Mansournia, Ana M. Mantilla Herrera,
Joemer C. Maravilla, Ashley Marks, Francisco Rogerlandio Martins-Melo, Ira
Martopullo, Seyedeh Zahra Masoumi, Jodo Massano, Benjamin Ballard Massenburg,
Manu Raj Mathur, Pallab K. Maulik, Colm McAlinden, John J. McGrath, Martin
McKee, Man Mohan Mehndiratta, Fereshteh Mehri, Kala M. Mehta, Wahengbam
Bigyananda Meitei, Peter T. N. Memiah, Walter Mendoza, Ritesh G. Menezes,
Endalkachew Worku Mengesha, Meresa Berwo Mengesha, Alibek Mereke, Atte
Meretoja, Tuomo J. Meretoja, Tomislav Mestrovic, Bartosz Miazgowski, Tomasz
Miazgowski, Irmina Maria Michalek, Kebadnew Mulatu Mihretie, Ted R. Miller,
Edward J. Mills, Andreea Mirica, Erkin M. Mirrakhimov, Hamed Mirzaei, Maryam
Mirzaei, Mehdi Mirzaei-Alavijeh, Awoke Temesgen Misganaw, Prasanna Mithra,
Babak Moazen, Masoud Moghadaszadeh, Efat Mohamadi, Dara K. Mohammad,

26



Yousef Mohammad, Naser Mohammad Gholi Mezerji, Abdollah Mohammadian-
Hafshejani, Noushin Mohammadifard, Reza Mohammadpourhodki, Shafiu
Mohammed, Ali H. Mokdad, Mariam Molokhia, Natalie C. Momen, Lorenzo
Monasta, Stefania Mondello, Meghan D. Mooney, Mahmood Moosazadeh, Ghobad
Moradi, Masoud Moradi, Maziar Moradi-Lakeh, Rahmatollah Moradzadeh, Paula
Moraga, Linda Morales, Lidia Morawska, Ilais Moreno Velasquez, Joana Morgado-
da-Costa, Shane Douglas Morrison, Jonathan F. Mosser, Simin Mouodi, Seyyed
Meysam Mousavi, Amin Mousavi Khaneghah, Ulrich Otto Mueller, Sandra B.
Munro, Moses K. Muriithi, Kamarul Imran Musa, Saravanan Muthupandian, Mehdi
Naderi, Ahamarshan Jayaraman Nagarajan, Gabriele Nagel, Behshad Naghshtabrizi,
Sanjeev Nair, Anita K. Nandi, Vinay Nangia, Jobert Richie Nansseu, Vinod C.
Nayak, Javad Nazari, lonut Negoi, Ruxandra Irina Negoi, Henok Biresaw Netsere
Netsere, Josephine W. Ngunjiri, Cuong Tat Nguyen, Jason Nguyen, Michele Nguyen,
Minh Nguyen, Emma Nichols, Dabere Nigatu, Yeshambel T. Nigatu, Rajan
Nikbakhsh, Molly R. Nixon, Chukwudi A. Nnaji, Shuhei Nomura, Bo Norrving, Jean
Jacques Noubiap, Christoph Nowak, Virginia Nunez-Samudio, Adrian Otoiu, Bogdan
Oancea, Christopher M. Odell, Felix Akpojene Ogbo, In-Hwan Oh, Emmanuel
Wandera Okunga, Morteza Oladnabi, Andrew T. Olagunju, Bolajoko Olubukunola
Olusanya, Jacob Olusegun Olusanya, Mojisola Morenike Oluwasanu, Ahmed Omar
Bali, Muktar Omer Omer, Kanyin L. Ong, Obinna E. Onwujekwe, Aislyn U. Orji,
Heather M. Orpana, Alberto Ortiz, Samuel M. Ostroff, Nikita Otstavnov, Stanislav S.
Otstavnov, Simon @verland, Mayowa O. Owolabi, Mahesh P A, Jagadish Rao
Padubidri, Abhijit P. Pakhare, Raffacle Palladino, Adrian Pana, Songhomitra Panda-
Jonas, Anamika Pandey, Eun-Kee Park, Priya G. Kumari Parmar, Deepak Kumar
Pasupula, Sangram Kishor Patel, Angel J. Paternina-Caicedo, Ashish Pathak, Mona
Pathak, Scott B. Patten, George C. Patton, Deepak Paudel, Hamidreza Pazoki
Toroudi, Amy E. Peden, Alyssa Pennini, Veincent Christian Filipino Pepito,
Emmanuel K. Peprah, Alexandre Pereira, David M. Pereira, Norberto Perico, Hai
Quang Pham, Michael R. Phillips, David M. Pigott, Thomas Pilgrim, Tessa M. Pilz,
Meghdad Pirsaheb, Oleguer Plana-Ripoll, Dietrich Plass, Khem Narayan Pokhrel,
Roman V. Polibin, Suzanne Polinder, Kevan R. Polkinghorne, Maarten J. Postma,
Hadi Pourjafar, Farshad Pourmalek, Reza Pourmirza Kalhori, Akram Pourshams,
Anna Poznanska, Sergio I. Prada, V. Prakash, Dimas Ria Angga Pribadi, Elisabetta
Pupillo, Zahiruddin Quazi Syed, Mohammad Rabiee, Navid Rabiee, Amir Radfar, Ata
Rafiee, Alireza Rafiei, Alberto Raggi, Afarin Rahimi-Movaghar, Muhammad Aziz
Rahman, Ali Rajabpour-Sanati, Fatemeh Rajati, Kiana Ramezanzadeh, Chhabi Lal
Ranabhat, Puja C. Rao, Sowmya J. Rao, Davide Rasella, Prateek Rastogi, Priya Rathi,
David Laith Rawaf, Salman Rawaf, Lal Rawal, Christian Razo, Sofia Boston Redford,
Robert C. Reiner, Nickolas Reinig, Marissa Bettay Reitsma, Giuseppe Remuzzi,
Vishnu Renjith, Andre M. N. Renzaho, Serge Resnikoff, Nima Rezaei, Mohammad
sadegh Rezai, Aziz Rezapour, Phoebe-Anne Rhinehart, Seyed Mohammad Riahi,
Antonio Luiz P. Ribeiro, Daniel Cury Ribeiro, Daniela Ribeiro, Jennifer Rickard,
Nicholas L. S. Roberts, Shaun Roberts, Stephen R. Robinson, Leonardo Roever, Sam
Rolfe, Luca Ronfani, Gholamreza Roshandel, Gregory A. Roth, Enrico Rubagotti,
Susan Fred Rumisha, Siamak Sabour, Perminder S. Sachdev, Basema Saddik, Ehsan
Sadeghi, Masoumeh Sadeghi, Shahram Saeidi, Sare Safi, Saeid Safiri, Rajesh Sagar,
Amirhossein Sahebkar, Mohammad Ali Sahraian, S. Mohammad Sajadi, Mohammad
Reza Salahshoor, Payman Salamati, Saleh Salehi Zahabi, Hosni Salem, Marwa R.
Rashad Salem, Hamideh Salimzadeh, Joshua A. Salomon, Inbal Salz, Zainab Samad,
Abdallah M. Samy, Juan Sanabria, Damian Francesco Santomauro, Itamar S. Santos,

27



Jodo Vasco Santos, Milena M. Santric-Milicevic, Sivan Yegnanarayana lyer
Saraswathy, Rodrigo Sarmiento-Sudarez, Nizal Sarrafzadegan, Benn Sartorius, Arash
Sarveazad, Brijesh Sathian, Thirunavukkarasu Sathish, Davide Sattin, Alyssa N.
Sbarra, Lauren E. Schaeffer, Silvia Schiavolin, Maria Inés Schmidt, Aletta Elisabeth
Schutte, David C. Schwebel, Falk Schwendicke, Anbissa Muleta Senbeta,
Subramanian Senthilkumaran, Sadaf G. Sepanlou, Katya Anne Shackelford, Jamileh
Shadid, Saeed Shahabi, Amira A. Shaheen, Masood Ali Shaikh, Ali S. Shalash,
Mehran Shams-Beyranvand, Morteza Shamsizadeh, Mohammed Shannawaz,
Kiomars Sharafi, Fablina Sharara, Brittney S. Sheena, Abbas Sheikhtaheri, Ranjitha
S. Shetty, Kenji Shibuya, Wondimeneh Shibabaw Shiferaw, Mika Shigematsu, Jae Il
Shin, Rahman Shiri, Reza Shirkoohi, Mark G. Shrime, Kerem Shuval, Soraya Siabani,
Inga Dora Sigfusdottir, Rannveig Sigurvinsdottir, Jodo Pedro Silva, Kyle E. Simpson,
Ambrish Singh, Jasvinder A. Singh, Eirini Skiadaresi, Seren T. Skou, Valentin
Yurievich Skryabin, Eugene Sobngwi, Anton Sokhan, Shahin Soltani, Reed J. D.
Sorensen, Joan B. Soriano, Muluken Bekele Sorrie, Ireneous N. Soyiri,
Chandrashekhar T. Sreeramareddy, Jeffrey D. Stanaway, Benjamin A. Stark, Simona
Catalina Stefan, Caroline Stein, Caitlyn Steiner, Timothy J. Steiner, Mark A. Stokes,
Lars Jacob Stovner, Jacob L. Stubbs, Agus Sudaryanto, Mu’awiyyah Babale Sufiyan,
Gerhard Sulo, Iyad Sultan, Bryan L. Sykes, Dillon O. Sylte, Miklos Szocska, Rafael
Tabarés-Seisdedos, Karen M. Tabb, Santosh Kumar Tadakamadla, Amir Taherkhani,
Masih Tajdini, Ken Takahashi, Nuno Taveira, Whitney L. Teagle, Hirut Teame,
Arash Tehrani-Banihashemi, Berhane Fseha Teklehaimanot, Sonyah Terrason,
Zemenu Tadesse Tessema, Kavumpurathu Raman Thankappan, Azalea M. Thomson,
Hamid Reza Tohidinik, Marcello Tonelli, Roman Topor-Madry, Anna E. Torre,
Mathilde Touvier, Marcos Roberto Roberto Tovani-Palone, Bach Xuan Tran,
Ravensara Travillian, Christopher E. Troeger, Thomas Clement Truelsen, Alexander
C. Tsai, Aristidis Tsatsakis, Lorainne Tudor Car, Stefanos Tyrovolas, Riaz Uddin,
Saif Ullah, Eduardo A. Undurraga, Bhaskaran Unnikrishnan, Marco Vacante, Alireza
Vakilian, Pascual R. Valdez, Santosh Varughese, Tommi Juhani Vasankari, Yasser
Vasseghian, Narayanaswamy Venketasubramanian, Francesco S. Violante, Vasily
Vlassov, Stein Emil Vollset, Avina Vongpradith, Ana Vukovic, Rade Vukovic, Yasir
Waheed, Madgalene K. Walters, Jiayu Wang, Yafeng Wang, Yuan-Pang Wang,
Joseph L. Ward, Alexandrea Watson, Jingkai Wei, Robert G. Weintraub, Daniel J.
Weiss, Jordan Weiss, Ronny Westerman, Joanna L. Whisnant, Harvey A. Whiteford,
Taweewat Wiangkham, Kirsten E. Wiens, Tissa Wijeratne, Lauren B. Wilner,
Shadrach Wilson, Bogdan Wojtyniak, Charles D. A. Wolfe, Eve E. Wool, Ai-Min
Wu, Sarah Wulf Hanson, Han Yong Wunrow, Gelin Xu, Rixing Xu, Simon Yadgir,
Seyed Hossein Yahyazadeh Jabbari, Kazumasa Yamagishi, Mousa Yaminfirooz,
Yuichiro Yano, Sanni Yaya, Vahid Yazdi-Feyzabadi, Jamal A. Yearwood, Tomas Y.
Yeheyis, Yordanos Gizachew Yeshitila, Paul Yip, Naohiro Yonemoto, Seok-Jun
Yoon, Javad Yoosefi Lebni, Mustafa Z. Younis, Theodore Patrick Younker,
Zabihollah Yousefi, Mahmoud Yousefifard, Taraneh Yousefinezhadi, Abdilahi
Yousuf Yousuf, Chuanhua Yu, Hasan Yusefzadeh, Telma Zahirian Moghadam, Leila
Zaki, Sojib Bin Zaman, Mohammad Zamani, Maryam Zamanian, Hamed Zandian,
Alireza Zangeneh, Mikhail Sergeevich Zastrozhin, Kaleab Alemayehu Zewdie,
Yunquan Zhang, Zhi-Jiang Zhang, Jeff T. Zhao, Yingxi Zhao, Peng Zheng, Maigeng
Zhou, Arash Ziapour, Stephanie R. M. Zimsen, Mohsen Naghavi, and Christopher J.
L. Murray. 2020. “Global Burden of 369 Diseases and Injuries in 204 Countries and
Territories, 1990-2019: A Systematic Analysis for the Global Burden of Disease

28



Study 2019.” The Lancet 396(10258):1204-22. doi: 10.1016/S0140-6736(20)30925-
9.

Wallace, Matthew, and Ben Wilson. 2019. “Migrant Mortality Advantage Versus Origin and
the Selection Hypothesis.” Population and Development Review 45(4):767-94. doi:
10.1111/padr.12298.

Wang, Haidong, Katherine R. Paulson, Spencer A. Pease, Stefanie Watson, Haley Comfort,
Peng Zheng, Aleksandr Y. Aravkin, Catherine Bisignano, Ryan M. Barber, Tahiya
Alam, John E. Fuller, Erin A. May, Darwin Phan Jones, Meghan E. Frisch, Cristiana
Abbafati, Christopher Adolph, Adrien Allorant, Joanne O. Amlag, Bree Bang-Jensen,
Gregory J. Bertolacci, Sabina S. Bloom, Austin Carter, Emma Castro, Suman
Chakrabarti, Jhilik Chattopadhyay, Rebecca M. Cogen, James K. Collins, Kimberly
Cooperrider, Xiaochen Dai, William James Dangel, Farah Daoud, Carolyn Dapper,
Amanda Deen, Bruce B. Duncan, Megan Erickson, Samuel B. Ewald, Tatiana
Fedosseeva, Alize J. Ferrari, Joseph Jon Frostad, Nancy Fullman, John Gallagher,
Amiran Gamkrelidze, Gaorui Guo, Jiawei He, Monika Helak, Nathaniel J. Henry,
Erin N. Hulland, Bethany M. Huntley, Maia Kereselidze, Alice Lazzar-Atwood, Kate
E. LeGrand, Akiaja Lindstrom, Emily Linebarger, Paulo A. Lotufo, Rafael Lozano,
Beatrice Magistro, Deborah Carvalho Malta, Johan Ménsson, Ana M. Mantilla
Herrera, Fatima Marinho, Alemnesh H. Mirkuzie, Awoke Temesgen Misganaw,
Lorenzo Monasta, Paulami Naik, Shuhei Nomura, Edward G. O’Brien, James Kevin
O’Halloran, Latera Tesfaye Olana, Samuel M. Ostroff, Louise Penberthy, Robert C.
Reiner Jr, Grace Reinke, Antonio Luiz P. Ribeiro, Damian Francesco Santomauro,
Maria Inés Schmidt, David H. Shaw, Brittney S. Sheena, Aleksei Sholokhov, Natia
Skhvitaridze, Reed J. D. Sorensen, Emma Elizabeth Spurlock, Ruri Syailendrawati,
Roman Topor-Madry, Christopher E. Troeger, Rebecca Walcott, Ally Walker,
Charles Shey Wiysonge, Nahom Alemseged Worku, Bethany Zigler, David M. Pigott,
Mohsen Naghavi, Ali H. Mokdad, Stephen S. Lim, Simon 1. Hay, Emmanuela
Gakidou, and Christopher J. L. Murray. 2022. “Estimating Excess Mortality Due to
the COVID-19 Pandemic: A Systematic Analysis of COVID-19-Related Mortality,
2020-21.” The Lancet 399(10334):1513-36. doi: 10.1016/S0140-6736(21)02796-3.

Weinberger, Daniel M., Jenny Chen, Ted Cohen, Forrest W. Crawford, Farzad Mostashari,
Don Olson, Virginia E. Pitzer, Nicholas G. Reich, Marcus Russi, Lone Simonsen,
Anne Watkins, and Cecile Viboud. 2020. “Estimation of Excess Deaths Associated
With the COVID-19 Pandemic in the United States, March to May 2020.” JAMA
Internal Medicine 180(10):1336. doi: 10.1001/jamainternmed.2020.3391.

WHO. 2020. “The True Death Toll of COVID-19: Estimating Global Excess Mortality.”
Retrieved January 23, 2023 (https://www.who.int/data/stories/the-true-death-toll-of-
covid-19-estimating-global-excess-mortality).

WHO. 2023. “WHO Coronavirus (COVID-19) Dashboard.” WHO Coronavirus (COVID-19)
Dashboard. Retrieved January 23, 2023 (https://covid19.who.int).

Williamson, Elizabeth J., Alex J. Walker, Krishnan Bhaskaran, Seb Bacon, Chris Bates,
Caroline E. Morton, Helen J. Curtis, Amir Mehrkar, David Evans, Peter Inglesby,
Jonathan Cockburn, Helen I. McDonald, Brian MacKenna, Laurie Tomlinson, Ian J.
Douglas, Christopher T. Rentsch, Rohini Mathur, Angel Y. S. Wong, Richard Grieve,
David Harrison, Harriet Forbes, Anna Schultze, Richard Croker, John Parry, Frank

29



Hester, Sam Harper, Rafael Perera, Stephen J. W. Evans, Liam Smeeth, and Ben
Goldacre. 2020. “Factors Associated with COVID-19-Related Death Using
OpenSAFELY.” Nature 584(7821):430-36. doi: 10.1038/s41586-020-2521-4.

Woolf, Steven H., Derek A. Chapman, Roy T. Sabo, Daniel M. Weinberger, and Latoya Hill.
2020. “Excess Deaths From COVID-19 and Other Causes, March-April 2020.” JAMA
324(5):510. doi: 10.1001/jama.2020.11787.

Woolf, Steven H., Derek A. Chapman, Roy T. Sabo, Daniel M. Weinberger, Latoya Hill, and
DaShaunda D. H. Taylor. 2020. “Excess Deaths From COVID-19 and Other Causes,
March-July 2020.” JAMA 324(15):1562. doi: 10.1001/jama.2020.19545.

Yasin, Yasin J., Michal Grivna, and Fikri M. Abu-Zidan. 2021. “Global Impact of COVID-19
Pandemic on Road Traffic Collisions.” World Journal of Emergency Surgery
16(1):51. doi: 10.1186/s13017-021-00395-8.

Zubiri, Leyre, Rachel P. Rosovsky, Meghan J. Mooradian, A. J. Piper-Vallillo, Justin F.
Gainor, Ryan J. Sullivan, Daniel Marte, Genevieve M. Boland, Xin Gao, Ephraim P.
Hochberg, David P. Ryan, Corey McEwen, Minh Mai, Tanya Sharova, Tara E.
Soumerai, Aditya Bardia, and Kerry L. Reynolds. 2021. “Temporal Trends in
Inpatient Oncology Census Before and During the COVID-19 Pandemic and Rates of
Nosocomial COVID-19 Among Patients with Cancer at a Large Academic Center.”
The Oncologist 26(8):¢1427-33. doi: 10.1002/onco.13807.

30



Figure A1: (Lack of) Excess risk of dying in 2020 as compared to 2019 with COVID-19
mortality (purple bar) and without COVID-19 mortality (orange bar)
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Figure A2: Excess risk of dying in 2020 as compared to 2019 with COVID-19 mortality
(purple bar) and without COVID-19 mortality (orange bar)
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Figure A3: Excess risk of dying in 2020 as compared to 2019 with COVID-19 mortality
(purple bar) and without COVID-19 mortality (orange bar)
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