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Abstract
Background

Understanding the impact of the burden of COVID-19 is key to successfully navigating the COVID-19 pandemic. As part of a larger investigation on COVID-19
mortality impact, this study aims to estimate the Potential Years of Live Lost (PYLL) in 17 countries and territories across the world (Australia, Brazil, Cape
Verde, Colombia, Cyprus, France, Georgia, Israel, Kazakhstan, Peru, Norway, England & Wales, Scotland, Slovenia, Sweden, Ukraine, and the United States).

Methods

Age- and sex-speci�c COVID-19 death numbers from primary national sources were collected by an international research consortium. The study period was
established based on the availability of data from the inception of the pandemic to the end of August 2020. The PYLL for each country were computed using
80 years as the maximum life expectancy.

Results

As of August 2020, 442,677 (range: 18-185,083) deaths attributed to COVID-19 were recorded in 17 countries which translated to4,210,654 (range: 112-
1,554,225)PYLL. The average PYLL per death was 8.7 years, with substantial variation ranging from 2.7 years in Australia to 19.3 PYLL in Ukraine.North and
South American countries as well as England & Wales, Scotland and Sweden experienced the highest PYLL per 100,000 population; whereas Australia,
Slovenia and Georgia experienced the lowest.Overall, males experienced higher PYLL rate and higher PYLL per death than females. In most countries, most of
the PYLL were observed for people aged over 60 or 65 years, irrespective of sex.Yet, Brazil, Cape Verde, Colombia, Israel, Peru, Scotland, Ukraine, and the USA
concentrated most PYLL in younger age groups.

Conclusions

Our results highlight the potential of PYLL as a tool to understand the impact of COVID-19 on demographic groups within and across countries, guiding
preventive measures to protect these groups under the ongoing pandemic. Continuous monitoring of PYLL is therefore needed to better understand the burden
of COVID-19 in terms of premature mortality.

Introduction
A new zoonotic disease affected the world in 2020. What was �rst identi�ed as a local outbreak by the Chinese health authorities in December 2019, was
declared a pandemic and a public health emergency of international concern by the World Health Organization (WHO) on March 11, 2020. The novel
coronavirus disease was named COVID-19, and by the end of 2020, it had caused over 1.7 million deaths worldwide [1].

To date, studies have evidenced that the case fatality rate of COVID-19 increases with age, primarily affecting individuals over 80 years old [2, 3]. However,
COVID-19 not only affects the elderly, but is also a cause of premature mortality [4]. As an alternative to death rates, the Potential Years of Life Lost (PYLL) is
an accurate measure of premature mortality [5, 6]. PYLL takes into account the death numbers and the age at which the death occurs, giving more weight to
deaths at younger ages and less to deaths at older ages. In this sense, PYLL can give a valid assessment of the COVID-19 mortality impact.

PYLL due to COVID-19 has been previously estimated for several countries worldwide in an attempt to quantify the burden of disease in terms of premature
mortality [6–8]. The results of these studies highlight the large mortality impact of COVID-19 in the elderly, and a considerable burden in younger age groups,
often among those with vulnerable demographics [7]. However, there is still a gap in published literature on PYLL due to COVID-19, as some countries are over-
represented in these studies, whereas smaller countries are often not included. A more targeted analysis is needed to identify the most vulnerable population
groups, set priorities, and allocate resources to minimize the COVID-19 mortality burden.

The aim of this study was to provide updated information on the mortality burden of the COVID-19 pandemic in several countries around the world using the
PYLL measure.

Methods

Data Collection
An international consortium (C-MOR) consisting of over 50 institutions across 52 countries and six continents was established to investigate the mortality
impact of COVID-19. As part of this large international research project, consortium partners collected data from national primary sources in order to
investigate all-cause and COVID-19 mortality during the COVID-19 pandemic. Of these, 17 countries (i.e., Australia, Brazil, Cape Verde, Colombia, Cyprus,
France, Georgia, Israel, Kazakhstan, Peru, Norway, England & Wales, Scotland, Slovenia, Sweden, Ukraine, and the United States [USA]) collected and provided
age-group and sex speci�c COVID-19 death numbers, from national primary sources, which were included in this study. The period of investigation was
comprised between the inception of the pandemic in each participating country to the end of August 2020 (week 35), with the exception of Kazakhstan, where
age- and sex-speci�c data was available only until the end of week 31, 2020. The information was collected during October-November 2020, which allowed us
to account for data cleaning and related reporting delays (ranging from a few days to a few weeks) [8–10].

Countries reported COVID-19 deaths using ISO weeks, Epi weeks, national week, or month as a time unit (Supplementary Table S1). For this study, aggregate
numbers to the end of August 2020 (week 35) were used.
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COVID-19 deaths were de�ned differently across the participating countries. Eight countries (Brazil, Colombia, Peru, the USA, Cape Verde, Slovenia, Norway,
and Israel) reported them as deaths occurring in persons with COVID-19 irrespective of whether COVID-19 was listed as the primary cause of death on the
death certi�cate; meaning COVID-19 was listed either in the chain of events leading to death (cause of death [COD]) or as a contributing condition. In contrast,
other eight countries (Australia, Cyprus, Kazakhstan, England & Wales, Georgia, Scotland, Sweden, and Ukraine) considered as COVID-19 deaths only those
deaths where COVID-19 was listed on the chain of causes leading to death (COD) [11]. France reported deaths due to COVID-19 only when they occurred in
hospitals and nursing homes. Supplementary Table S1 provides a summary of the data provided by each of the participating countries.

In order to facilitate the comparison of the burden of disease in the different countries, death numbers were also expressed per 100,000 population. Total and
sex-speci�c population estimates for each age group were obtained from the World bank [12], except for the UK nations, for which data from the O�ce for
National Statistics [13] was used, and for Cyprus for which Eurostat data [14] was used to include only the population in the Republic of Cyprus government
controlled-area. Population data was based on 2019 estimates.

Pyll Calculation
PYLL were computed starting from the inception of the COVID-19 pandemic in each country, up to the end of August (week 35), 2020.

PYLL were computed using the formula described in Romeder and McWhinnie (1977) [15], which provides more conservative estimates than other published
methodologies and it focuses on the premature mortality of those who die [5, 16–18]. Nevertheless, in this study 80 years was used as the upper age limit,
instead of 70 years, as the mean life expectancy at birth of the countries and territories included in this study was 78.8 and as Mitra et al. (2020) also
suggested using 80 years as the upper limit[6].

Using this equation (Eq. 1), the remaining years of life are calculated based on the upper age limit of 80 years, where di= number of observed deaths between
ages i and i+1; ai = remaining years to live until age 80 when death occurs between ages i and i+1, i is the mid-point of the age group, and 0.5 is a constant
when the mid-point is not a whole number. Due to the choice of 80 years as the upper limit, deaths happening over 80 years of age contribute zero PYLL to the
calculation. This methodology also assumes uniform distribution of deaths within age groups.

Countries which reported deaths for age groups that extended further than 80 years (e.g., 75–84) (i.e., Cape Verde, Colombia, Israel, Scotland, Slovenia,
Ukraine, and the USA), were interrupted at 79 years (e.g., 75–79) and the demographic distribution of each speci�c country [19] was used to estimate the
percentage of the population in the original age group that would remain in the narrower age group. Then, the number of deaths reported was multiplied by
this percentage to estimate the number of deaths in the narrower age group, assuming again uniform distribution of deaths within age groups.

PYLL were calculated per person death and as rates (per 100,000 population) (Eq. 2), for the total population and by sex. PYLL rates were also age-
standardized (Eq. 3) [15] using the World (WHO 2000–2025) Standard population as the reference population for all countries [20].

 
 
Where, Pi = number of people in the age group i in the actual population, Pir = number of people in the age group i in the reference population, and Nr= number
of people between ages 1 and 79 in the reference population.

In addition, PYLL estimates were obtained per age group. The age groups used for each country were speci�ed by the age groups used by the national primary
source from where data were obtained (Supplementary Table S2). To facilitate age group comparisons, each country’s population was also broken down into
three large age groups: below 40 or 45 years, 40–59 or 45–64 years, and over 60 or 65 years. For Cape Verde and Ukraine we modi�ed the initial age groups to
facilitate the breakdown into the aforementioned three age groups, in a similar way as explained before for countries with age groups extending the 80 years
of age. PYLL estimates were also compared between countries reporting COVID-19 deaths as a COD or as a COD or contributing condition. Lastly, PYLL rates
(per 100,000 population) were plotted against the excess mortality (estimated as difference in mortality rates per 100,000 population between 2020 observed
mortality rate and the average mortality rate between 2015–2019) as calculated elsewhere [21].

Deaths with unknown age and/or sex (< 1%) were observed for France and Brazil and contributed zero PYLL to the calculation (Supplementary Table S2).

All �gures were produced using R Statistical Software, version 3.6.1 (The R Foundation for Statistical Computing, Vienna, Austria).

Results
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Pyll Attributed To Covid-19
As of August 2020, 442,677 (range: 18–185,083) deaths attributed to COVID-19 were recorded in the 17 participating countries, which translated to ~ 
4,210,654 (range: 112-1,554,225) PYLL. Figure 1 shows the cumulative PYLL per person death, per country and geographical region. The average PYLL per
person death was 8.7 (range: 2.7–19.3) years. The largest number of PYLL per person death was observed in Ukraine, followed by Peru, Colombia,
Kazakhstan, and Cape-Verde. Australia, Israel, and the rest of the European countries, besides Georgia, displayed < 5 PYLL per person death.

Among the countries with the highest PYLL per person death, only the South American countries also experienced the highest PYLL rates (crude rates ranging
from ~ 595 to 1,381 PYLL per 100,000 population) (Fig. 2). Countries in Asia and Middle East (except for Israel), Australia, and some European countries
(including Georgia, Norway, and Slovenia) observed fewer than 100 PYLL per 100,000. Age-standardized rates followed a similar pattern to crude rates apart
from Israel where the crude PYLL rate was 15 times larger than the age-adjusted rate.

Pyll Attributed To Covid-19 By Age Groups
Figure 3 displays the country-speci�c proportions of PYLL and deaths for each of three wide age groups, chosen depending on country speci�c age
breakdowns. In the participating countries, 16.7% (Ukraine) to 71.4% (Cyprus) of the PYLL could be attributed to individuals in the oldest age group (60 + or
65+). The oldest age group accounted for the greatest percentage of PYLL in most countries. However, in Brazil, Peru, Ukraine, Cape Verde, Colombia, Israel,
Scotland and the USA, the majority of PYLL were experienced by the middle age group (40–59 or 45–64 years).

The highest percentage of COVID-19 deaths was observed among the oldest age group (60 + or 65+) for all participating countries.

Looking at the more detailed age breakdowns of each country (Table 1), the highest number of deaths happened mostly in the oldest age group, irrespective of
sex, except for Cyprus, England & Wales, and Norway where males reported the highest number in a younger age group. The majority of PYLL were also
observed in the same age groups, irrespective of sex, but for Cyprus, England & Wales, Kazakhstan, Norway, Peru, and Sweden PYLL was highest in a younger
age group among males, and for Georgia PYLL was highest in a younger age group in females. However, in all countries except Kazakhstan, the highest
number of PYLL were observed in a younger age group than the highest number of deaths.

Table 1 - Age-groups with the highest number of deaths and PYLL due to COVID-19 in each of the countries, overall and by sex, up to the end

of week 35 (2020). Age groups are colour coded from the lowest age group (40-54/45-49: red) to the highest (90+: dark green)

  DEATHS  PYLL 

Country    Males Females Total  Males Females Total 

Australia  80-89  80-89  80-89  70-79 70-79  70-79 

Brazil  70-79  70-79  70-79  60-69 60-69  60-69 

Cape Verde  65- 79 65- 79  65- 79 50-64 50-64  50-64 

Colombia  65 -79 65 -79  65 -79 45-64 45-64  45-64 

Cyprus  60-69  70-79  70-79  60-69 70-79  60-69 

England & Wales 80-84  90+  90+  60-64 70-74  60-64 

France  80-89  80-89  80-89  60-69 60-69  60-69 

Georgia  80-84  80-84  80-84  65-69 45-49  45-49 

Israel  80+  80+  80+  65-74 65-74  65-74 

Kazakhstana 60-69  60-69  60-69  50-59 60-69  60-69 

Norway  80-89  90-99  80-89  60-69 70-79  60-69 

Peru  65-69  65-69  65-69  55-59 60-64  55-59 

Scotland  80+  80+  80+  45-64 45-64  45-64 

Slovenia  80+  80+  80+  65-74 65-74  65-74 

Sweden  80-89  80-89  80-89  60-69 70-79  60-69 

Ukraine  80+  80+  80+  40-54 40-54  40-54 

USA 80+  80+  80+  55-64 55-64  55-64 

aData only available to the end of week 31, 2020

Pyll Attributed To Covid-19 By Sex
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With a total of 4,210,654.14 PYLL attributed to COVID-19 in 17 countries, 64.3% were accumulated in males and 35.7% in females. Most countries displayed a
difference of 1.2–2.5 PYLL per person death between males and females (Fig. 4). However, some countries (Cyprus, the USA, Norway, Georgia, Slovenia)
presented more pronounced differences between the two sexes. For Cape Verde, the difference was negligible.

In addition, the male to female ratio of PYLL rates was above one in all participating countries, except for Georgia, and has a value of more than two in Cyprus,
Australia, France, Norway, Sweden, Colombia, and Peru (Fig. 5). PYLL per person death demonstrated the same sex-speci�c pattern as PYLL rates, except for
Cape Verde, Kazakhstan, Ukraine, Colombia, and Peru where the per death male to female ratio was close to 1.

Pyll Per Covid-19 Death De�nition
Regarding the difference on COVID-19 death de�nition, those countries that reported COVID-19 deaths as COD or as contributing cause, had triple the mean of
PYLL rate than those reporting COVID-19 deaths as COD only (Supplementary Table S3).

Pyll Rate And Excess Mortality Rate
Countries that showed high PYLL rates (England & Wales, Scotland, the USA, Brazil, Colombia, and Israel), also experienced (except for Colombia and Israel)
excess mortality per 100,000 during the study period in 2020 compared to the mortality of the previous �ve years (2015–2019) (Fig. 6).

Discussion
The aim of this study was to obtain PYLL estimates from 17 countries and territories around the world using a methodology that focused on assessing
premature mortality rather than the maximum number of PYLL per country. The results evidenced COVID-19 as a cause of premature mortality in all the
countries included in this study, with some countries being signi�cantly more affected than others.

Pyll Per Person Death
Up to the end of August 2020, COVID-19 attributed to 4,210,654 PYLL in the 17 participating countries. Ukraine and the South American countries were the
most affected in terms of PYLL per person death, followed by Cape Verde, Kazakhstan, and Cyprus. The rest of European countries, Israel and Australia had
the lowest PYLL per person death. The estimates of the number of PYLL per death indicate that those dying due to COVID-19 in European countries, Israel and
Australia were on average older than those who died due to COVID-19 in South America, Ukraine, Cyprus, Cape Verde, and Kazakhstan.

In our study, the average PYLL per person death was 8.7 years, which is lower than in other studies by several years. Arolas et al. (2020) estimated on average
14.5 years of life lost (YLL) per death in 42 countries [7]; Hanlon et al. (2021) computed 14 YLL in men and 12 YLL in women in UK per COVID death [22]; and
Elledge et al. (2020) counted 13.25 person-years death due to COVID-19 in the USA [23]. Mitra et al. (2020), who used a similar methodology to that used in
this paper but for shorter time period (as of 30 May 2020), estimated 5.5 PYLL per person death in the USA [6] which is 2.4 years more than our estimate for
USA (7.9 years).

The discrepancies between our results and some of the studies mentioned above, is likely explained by differences in methodology. Most of the above-
mentioned studies used as the upper age limit the Japanese female’s life expectancy (the highest life expectancy in the world), WHO life tables or national life
tables (which attributes YLL to all ages no matter the age of death) [6]. Using a higher life expectancy allows the inclusion of deaths in those older than 80
years in the YLL calculation, and thus leads to more YLL in countries with more deaths after the age of 80, while keeping constant the YLLs of countries with
lower life expectancies (where most deaths would have happened before 80 years). This also explains why these publications used the YLL notation, rather
than the more conservative PYLL term. Moreover, for the UK countries, where the PYLL per person death observed in this study were half of what was
elsewhere reported [22], it was previously shown that accounting for prevalent comorbid conditions in the population when estimating PYLL, substantially
reduces the PYLL estimates [22].

Pyll Per 100,000 Population
In this study, the highest amount of PYLL per 100,000 population was observed in South American countries, followed by North America, European countries,
African countries, Asia & Middle Eastern countries and �nally with least PYLL per 100,000 population, Australia.

Among those geographical areas, Europe had the biggest differences among the countries included in its geographical territory. Europe included some
countries with a high number of PYLL per 100,000 like England & Wales, and Scotland (numbers comparable to the PYLL in North America), as well as
countries with very few PYLL per 100,000 population like Georgia, Slovenia, and Norway. This variability in PYLL among European countries follows the
variable excess mortality experience of the European countries observed [9, 24–29].

Among South American countries, Peru had the greatest amount of PYLL per 100,000 population followed by Brazil and Colombia. A previous study, attributed
the high burden of the COVID 19 disease in South America to the underlying social inequalities and to the public health limited capacities in the area [30].

Europe, England & Wales, Sweden, and Scotland suffered more PYLL per 100,000 population than the rest of the European countries, supporting COVID-19’s
impact on premature mortality. Interestingly, these countries were previously shown to have suffered excess mortality due to the COVID-19 pandemic,
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explaining in part the high number of PYLL per 100,000 population [9, 24–29].

In African, Asian, and Middle Eastern countries and in Australia, the PYLL per 100,000 population observed were relatively low. Cape Verde, the only African
country participating in this study, experienced a different timing of the COVID-19 pandemic since they started seeing a surge in cases over the summer, but
the peak of the pandemic was experienced in September-October 2020 [31]. Possible under reporting [32], seasonality patterns, possible pre-existing immunity
to the virus [33], and the relatively young population may all have contributed to this low PYLL estimate [34]. To explain the low PYLL estimates in the Asian
and Middle Eastern countries, similar hypotheses have been studied, including the environmental factor, possible resistance of East Asians to the coronavirus
due to a gene mutation, cross-immunity, but also the early public health measures taken by their authorities and the cautious behaviours taken by their
populations [35, 36]. Lastly, Australia experienced a minor small peak in coronavirus cases in March, but the number of cases has substantially escalated in
July 2020, hence the low burden in terms of PYLL up to the end of August 2020 [37].

In July 2020, Oh et al. (2020), ranked the countries by the highest amount of PYLL per 100,000 population. They observed that Belgium, United Kingdom, Italy,
Sweden, France and Spain had higher PYLL per 100,000 population than the USA and the other South American countries included in this study [18]. These
results are not surprising, as by July, the European countries included in the Oh et al. study were some of the most affected countries in the world whereas, at
the same time, in South America the pandemic had not reached its peak yet [38]. On the other hand, previously in May, Mitra et al. (2020) observed more PYLL
in the USA than in Germany or Italy [6]. These results demonstrate that any comparisons between study results need to be interpreted with caution as the
timing of observation of each investigation can heavily in�uence the results.

Another factor that may explain discrepancies in results between countries is the methodology used. In terms of methodology, using an age limit of 80 years,
contributes to fewer PYLL than truly observed in countries with higher life expectancies (like most of European countries, Middle East, and Australia), resulting
in the accumulation of fewer PYLL in these countries compared to countries with lower life expectancies (like the South American and African countries in this
investigation).

Age-group Differences In The Number Of Deaths Vs. Pyll
This study also highlighted differences in the number of deaths versus the number of PYLL in the different age groups in the participating countries. As
expected, the largest number of deaths was registered in the oldest age groups in all countries, whilst several countries observed the majority of PYLL in the
middle age group (40–59 or 45–64 years). Similar results have been observed in other studies [6, 8]. Interestingly, in Peru and in Kazakhstan, most COVID-19
deaths happened in ages younger than 70 years. Possible incomplete data, underreporting in the elderly, lack of diagnostic test resources, and low proportion
of elderly living in elder-care facilities (places with concentrate vulnerable people in conditions favourable to the spread of the virus) are potential explanations
of this �nding.

Across countries, a variable proportion of PYLL is observed for each age interval. At the same time there are large differences in the relative contribution of
each age group to total PYLL, within countries which does not follow the sociodemographic index gradient observed in other studies [7].

Sex Differences In The Number Of Deaths And Pyll
According to the data used in this study, the largest number of deaths and PYLL happened in the same age groups in most countries, irrespectively of sex.

The comparison of the PYLL results by sex highlighted the increased burden of COVID-19 in terms of premature mortality in males rather than females.
Looking at all countries together, 64.3% of the total PYLL were estimated among males and 35.7% among females. In all the countries except for Georgia,
males suffered more PYLL per 100,000 males than PYLL per 100,000 females.

The greater burden of COVID-19 in terms of premature mortality in males rather than females, is also highlighted by the PYLL per person death results. On
average males lost 9.5 PYLL per person death whereas females lost 7.4 years. The �nding that COVID-19 premature mortality seems to be heightened in
males than in females has also been observed in other studies [39, 40]. Biological reasons such as the immunological response between the two sexes could
partly explain this difference [41, 42]. Oestrogen, the female sex hormone also has a protective role by supressing the replication of SARS-CoV-2 virus while
activating the immune response [43]. Further, ACE2 is overexpressed in females minimizing the death rates as compared to males [44]. However, other social
factors such the differential distribution of unhealthy behaviours, like smoking or alcohol consumption, as well as the increased likelihood of females to
adhere to social precautions to reduce the exposure to SARS-CoV-2 might also contribute to these results [42, 45]. Lastly, given that females have a longer life
expectancy than males, it is possible that the use of a common age limit may have led to an underestimation of PYLL among females. Nevertheless, further
investigation in whether there is truly a gender gradient in COVID-19 premature mortality and the reasons behind it warrant further investigation [41, 46, 47].

Pyll Per Covid-19 Death De�nition
In this study, it was also observed that countries who reported as COVID 19 deaths, deaths where COVID-19 was either a cause of death or a contributing
cause to death, observed on average more PYLL per 100,000 population than countries who adopted a stricter de�nition of COVID-19 deaths, and only
reported deaths were COVID-19 was a cause of death. This result may be indicating that individuals where COVID-19 was present but perhaps not taking part
in the chain of events leading to death, died on average at a younger age, pointing to the presence of comorbidities that most likely also explained the deaths.
To this extent, this �nding may be testifying to an over-estimate of COVID-19 deaths associated with the classi�cation of all deaths in SARS-COV-2 positive
persons as COVID 19 speci�c deaths.
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Pyll Rate Against Excess Mortality During The Study Period
Lastly, of the countries displaying high PYLL rates in this study, all countries (except for Colombia and Israel) also experienced excess mortality per 100,000
population during the study period in 2020 compared to the mortality of the previous �ve years. This result suggests that excess mortality during the COVID-19
pandemic is accompanied by a large impact in terms of premature mortality.

Strengths And Limitations
Strengths

Our study has some important strengths compared to other published studies. It is one of the few studies attempting a comparison of the burden of COVID-19
premature mortality across 17 countries from different regions, some of which have not been previously studied. In addition, this study explored PYLL per
100,000 population and per person death and has also explored the differential impact of age and sex on these estimates. Furthermore, the data used in this
study is primarily data from national sources, which is more reliable than publicly available data, often used in other similar publications.

Methodological limitations

Other studies found a strong association between the presence of comorbidities, such as cardiovascular disease, hypertension, diabetes, congestive heart
failure, chronic kidney disease and cancer, and the risk of death due to COVID-19 [48]. The lack of accessible information on the presence of comorbidities
among those who died in the countries included in these studies precluded us from correcting our results for comorbidities. However, aware of this limitation,
we cautiously chose the methodology for this study, opting for a more conservative method than others have used. Other methodologies, like the national life
tables or the WHO tables, that account for some few YLL no matter the age of the person, or the use of the Japanese female's life expectancy as upper age
limit, that is the highest in the world would lead to higher PYLL estimates which would not be as realistic given that the life expectancy of patients with the
aforementioned comorbidities is shorter than that of the general population. Results of other studies where PYLL estimates are given before and after
adjustment for comorbidities, support our choice in methodology [22].

On the other hand, the use of a standard life expectancy also has its limitations. The upper age limit was the same for all the countries and sexes, resulting in
fewer PYLL in those countries with life expectancies higher than 80 years and in females, who on average die a few years later than men. However, despite its
limitations, this methodology has been strongly suggested for comparison across countries [6, 49, 50].

Data limitations

Another limitation that poses a challenge in the comparison of results between countries is that each country grouped deaths in different age groups (see
Supplementary Table S2). The estimates from countries with smaller range of age groups, would have more reliability than estimates from countries that have
20 or more years range age-groups, as in the latter case, the midpoint of the age group might be farther from the real age of each death.

Lastly, given the relevance of post-acute COVID-19 syndrome [51], it would be of much interest to include in investigations of COVID-19 burden, the metric of
disability as in the Disability-Adjusted Life Year (DALY indicator). Even though such data was not available to the consortium at the time of publication, DALYs
would provide more holistic estimates of health burden due to COVID 19 because the indicator takes into account post-acute and chronic effects which are
likely to be more relevant among adults than premature deaths. Even though some attempts to estimate DALYs due to COVID-19 have been made [52,
53],more geographically diverse investigations are warranted.

Conclusion
In this investigation, South American countries were evidenced as the most impacted countries in terms of COVID-19 premature mortality. At the same time,
countries in Asia and Middle East as well as Africa, were least affected. The timing of the pandemic, seasonal trends, the control measures enforced, and
underlying social conditions, together with the demographic characteristics are probable explanations for the differences observed among countries.

In the participating countries, the highest percentage of COVID-19 deaths was observed among the oldest age group and the oldest age group also accounted
for the greatest percentage of PYLL in most countries.

As in other studies, males were more affected in terms of premature mortality by the SARS-CoV-2 than females. There were more deaths due to COVID 19 in
males than in females, and males died on average two years younger than females.

As the pandemic is ongoing and new coronavirus strains are appearing, different countries are adopting different strategies that are tailored to their respective
social, economic, and health situation. Undoubtedly, observational studies on the excess mortality from 2020 onwards will shed more light on who is most
affected in terms of COVID-19 premature mortality, but in their absence, PYLL investigations can be of immense support to policy-makers and public health
decision makers as they plan and implement appropriate and proportionate public health actions.
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Figure 1

PYLL per person death due to COVID-19 in each of the participating countries up to week 35, 2020. The number in brackets following each country name
signi�es the number of days from the �rst COVID-19 case in the country to the last date for which numbers of deaths were available. *For Kazakhstan data
was available up to week 31, 2020



Page 13/16

Figure 2

Crude and age-standardized PYLL rates (per 100,000 population) per country up to week 35, 2020. The number in brackets following each country name
signi�es the number of days from the �rst COVID-19 case in the country to the last date for which numbers of deaths were available. *For Kazakhstan data
was available up to week 31, 2020
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Figure 3

Country-speci�c proportions of a) PYLL and b) deaths for each of three wide age groups, chosen depending on country speci�c age breakdowns. Countries
are presented in decreasing proportion of PYLL or deaths in the youngest age group (under 40 or 45 years of age). *For Kazakhstan data was available up to
week 31, 2020
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Figure 4

PYLL per person death by sex and country. *For Kazakhstan data was available up to week 31, 2020
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Figure 5

Ratio of male to female a) PYLL rates and b) PYLL per person deaths. Countries where genders were equally affected have ratios closer to the vertical line at
1, while countries where males were more severely affected display points lying to the right of the vertical line

Figure 6

Scatterplot of the difference in mortality (2020 versus 2015-2019, per 100,000population) versus PYLL rate (per 100,000 population). The grey lines show the
ratio between difference in mortality and PYLL rate in percentage.
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