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ABSTRACT
Introduction To examine the impact of the COVID- 19 
pandemic on mortality, we estimated excess all- cause 
mortality in 24 countries for 2020 and 2021, overall and 
stratified by sex and age.
Methods Total, age- specific and sex- specific weekly all- 
cause mortality was collected for 2015–2021 and excess 
mortality for 2020 and 2021 was calculated by comparing 
weekly 2020 and 2021 age- standardised mortality rates 
against expected mortality, estimated based on historical 
data (2015–2019), accounting for seasonality, and long- 
term and short- term trends. Age- specific weekly excess 
mortality was similarly calculated using crude mortality 
rates. The association of country and pandemic- related 
variables with excess mortality was investigated using 
simple and multilevel regression models.
Results Excess cumulative mortality for both 2020 
and 2021 was found in Austria, Brazil, Belgium, Cyprus, 
England and Wales, Estonia, France, Georgia, Greece, 
Israel, Italy, Kazakhstan, Mauritius, Northern Ireland, 
Norway, Peru, Poland, Slovenia, Spain, Sweden, Ukraine, 
and the USA. Australia and Denmark experienced 
excess mortality only in 2021. Mauritius demonstrated 
a statistically significant decrease in all- cause mortality 
during both years. Weekly incidence of COVID- 19 was 
significantly positively associated with excess mortality 
for both years, but the positive association was attenuated 

in 2021 as percentage of the population fully vaccinated 
increased. Stringency index of control measures was 
positively and negatively associated with excess mortality 
in 2020 and 2021, respectively.
Conclusion This study provides evidence of substantial 
excess mortality in most countries investigated during the 
first 2 years of the pandemic and suggests that COVID- 19 
incidence, stringency of control measures and vaccination 
rates interacted in determining the magnitude of excess 
mortality.

INTRODUCTION
In late 2019, the first cases of SARS- CoV- 2 
were reported in Wuhan, China. Since 
then, the causative agent of COVID- 19 has 

WHAT IS ALREADY KNOWN ON THIS TOPIC
 ⇒ A limited number of studies, focusing on more than 
one country, have investigated sex- specific and age- 
specific COVID- 19 excess mortality for the whole of 
2020 and 2021, and they evidenced substantial ex-
cess mortality in the majority of included countries. 
There is a paucity of studies investigating drivers of 
excess mortality across countries.
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rapidly spread worldwide, causing dreadful disruptions.1 
COVID- 19 vaccines were developed with an incredible 
speed and the first vaccine was administered outside of 
a clinical trial setting in England on 8 December 2020.2 3 
However, up to May 2023, more than 3.5 million COVID- 
19- related deaths have been recorded since the delivery 
of the first vaccine.4 5

The impact of the pandemic on mortality is not fully 
captured in national published COVID- 19 mortality 
estimates.6–9 This might be due to a number of reasons 
including the limited testing capacity which led to under-
counting,10 11 the improper attribution of deaths as 
COVID- 19 deaths instead of deaths from other causes, 
a delay in the processing of death certificates which 
created a lag in data,7 12 and the disruption of the health-
care systems, including disruptions of pathology testing13 
and delays in health- seeking behaviour. The latter was 
provoked not only by the COVID- 19- related anxiety but 
also by the lack of hospital resources for non- COVID- 19 
emergencies, since ambulances and intensive care beds 
had been mostly used for COVID- 19 patients, at the 
expense of other patients, leading consequently to a 
large healthcare burden, with patients with life- threading 
diseases (eg, myocardial infarction patients) not being 
hospitalised.14

It is challenging to obtain accurate estimates of the 
death toll of the pandemic. The misclassification of unre-
lated deaths as COVID- 19 deaths, as well as the under-
counting of COVID- 19- related mortality due to the limited 
availability of testing, can result in inaccurate estimation 
of the true COVID- 19- related mortality.15 16 These meth-
odological challenges in reporting of COVID- 19 deaths 
are also not comparable across countries as different 
countries use different definitions and processes to count 
COVID- 19 deaths, and these often vary over time.

A reasonable way to overcome the above challenges is 
to estimate the excess all- cause mortality at country level, 
by comparing the observed to the expected number of 
deaths during a specified time period.17–19 As discussed in 
Demetriou et al,15 the expected number of deaths can be 
predicted using historical data and time series analyses 
accounting for seasonality and other secular trends.

Many studies have investigated COVID- 19 excess 
mortality.9 20–22 However, most focused on single coun-
tries or world regions during the first months of the 
pandemic. They also used publicly available data that 
were often provisional at the time of analysis. The 
frequency of updates also influenced the consistency of 
data.7 15 20 The one study that estimated excess mortality 
due to the COVID- 19 pandemic for both the whole years 
2020 and 2021 in 191 countries and territories could not 
provide estimations by sex and age group.22 However, 
several studies incorporating data from more than one 
country have investigated sex- specific and age- specific 
excess mortality for the whole of 2020 and 2021, and they 
evidenced substantial excess mortality in the majority of 
included countries.15 23 24 Understanding the impact of 
stringency of control measures and of vaccination on the 
toll of the pandemic at a global level is imperative given 
the variability of governmental responses and differences 
in vaccination access and uptake across populations. One 
study quantified the global impact of the first COVID- 19 
vaccinations and determined that the death toll was 
underestimated or overestimated in many countries, 
compromising the estimates of vaccine effectiveness.3

An international consortium, the COVID- 19 MORtality 
(C- MOR) Consortium, consisting of more than 50 coun-
tries across 6 continents was established to investigate the 
mortality impact of the COVID- 19 pandemic.15 16 The 
consortium encompasses countries worldwide without 
restriction and focuses all analyses on data from national 
primary sources. The current analysis estimates overall, 
sex- specific and age- specific excess all- cause mortality in 
the 24 countries where age--stratified and sex- stratified 
data were available, and investigates correlates of overall 
excess all- cause mortality during the whole of 2020 and 
2021.

METHODS
Data acquisition
In this study, we examined the mortality data from 24 
countries or regions participating in the international 
consortium that have collected and provided data.25 
The participating countries or regions include Australia, 
Austria, Brazil, Belgium, Cyprus, Denmark, England 
and Wales, Estonia, France, Georgia, Greece, Israel, 
Italy, Kazakhstan, Mauritius, Northern Ireland, Norway, 
Peru, Poland, Slovenia, Spain, Sweden, Ukraine, and the 
USA. Total, sex- specific and age- specific weekly all- cause 
mortality for 2015–2021 was collected from national 
vital statistics databases, made either publicly available 
or with restricted access (online supplemental table 
S1).25 Depending on the country, all- cause mortality was 
reported by either ISO week, starting on Monday; Epi 
week, starting on Sunday or other national counting 
week system.

Data were assembled between June and September 
2022, that is, several months after the end of the study 
period, to allow for reporting delays7 14 and enough 

WHAT THIS STUDY ADDS
 ⇒ Most of the countries studied had excess all- cause mortality, which 
was particularly higher among men and among people in the older 
age groups (65+ or 70+). Further, this study indicates that reported 
COVID- 19 incidence, stringency of control measures and vaccina-
tion rates interact in determining the magnitude of excess mortality.

HOW THIS STUDY MIGHT AFFECT RESEARCH, PRACTICE OR 
POLICY

 ⇒ The results can serve as evidence of the need to strengthen health 
resilience in the most affected countries, sex and age groups. They 
also provide quantification on the effectiveness of public health in-
terventions and control measures used during the COVID- 19 pan-
demic to lessen its impact on mortality.
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time for data consolidation by reporting authorities to 
improve data quality.26

Statistical analysis
Mortality rates
For the calculation of mortality rates, total, age- specific 
and sex- specific mid- year population estimates for the 
participating countries were obtained from the World 
Bank,27 except for the UK nations for which popula-
tion data from the Office for National Statistics28 was 
extracted separately for England and Wales, Scotland 
and the Northern Ireland, and for Cyprus for which 
Eurostat data29 was used to include only the population 
in the Republic of Cyprus government- controlled area.

Crude mortality rates (CMRs) were calculated for the 
total population and sex- specific groups using equation 
(1)

 
CMRy,w = Dy,w

Py/N   (1)

where  Dy,w   denotes the number of deaths in all age groups 
in year  y  and week  w  , Py  denotes the mid- year population 
for year  y  and  N  denotes the number of weeks in the year.

Age- specific mortality rates (ASpMRs) were calculated 
using equation (2)

 
ASpMRy,w,i =

Dy,w,i
Py,i/N   (2)

where  Dy,w,i   denotes the number of deaths in the age 
group  i  in year  y and week  w  ,  Py,i   denotes the mid- year 
population of age group  i  in year  y , and  N   denotes the 
number of weeks in the year.

Weekly (directly) age- standardised mortality rates 
(ASMRs) were calculated as a weighted average of the 
ASMRs using the equation 3 as previously described,15 
where, index  i  denotes the aggregate age groups (see 
online supplemental table S2) and the standard popula-
tion weights  p

s
i   correspond to the proportion of popula-

tion in the  ith  age interval in the WHO World Standard 
Population 2000–2025.30

 
ASMR =

n∑
i=1

(
ps

iASpMRy,w,i
)
 
 
 

(3)

The aggregate age groups created for each country, based 
on the provided age- specific all- cause mortality data, are 
presented in online supplemental table S2, followed by 
the equations used for the age standardisation.

Excess mortality
Total, and sex- specific, weekly excess mortality for 2020 
and 2021 was calculated by comparing weekly 2020 and 
2021 ASMR (per 100 000 population) against a baseline 
mortality (expected weekly ASMR in 2020 and 2021, 
respectively), estimated based on historical data (2015–
2019) accounting for seasonality, and long- term and 
short- term trends, as previously described.15 31–33 The 
regression model is specified in online supplemental 
material. Similarly, age- specific weekly excess mortality 
for 2020 and 2021 was calculated by comparing weekly 
2020 and 2021 CMR (per 100 000 population) against 

a baseline mortality (expected weekly CMR in 2020 and 
2021, respectively), estimated based on historical data 
(2015–2019).

The regression models were built on complete 
weeks and truncated weeks were excluded. Truncated 
weeks are usually a result of the different death counts 
observed around Christmas and New Year,34 and these 
included week 53 (applicable for Australia, Austria, 
Brazil, Belgium, Cyprus, Denmark, Estonia, France, 
Georgia, Greece, Israel, Italy, Norway, Peru, Poland, 
Spain, Sweden, Ukraine and the USA), weeks 1 and 52 
for England and Wales, weeks 1 and 53 for Kazakhstan 
and Mauritius, weeks 51 and 52 for Northern Ireland, 
and weeks 52 and 53 for Slovenia. For all countries, 
observed and expected weekly mortality rates for 2020 
and 2021 were each summed up to week 52, except for 
England and Wales (weeks 2–51), Kazakhstan and Mauri-
tius (weeks 2–52), Northern Ireland (up to week 50) and 
Slovenia (up to week 51). Sex- specific excess mortality 
for 2020 and 2021 could not be calculated for Northern 
Ireland due to the lack of sex- specific all- cause mortality 
data, and thus Northern Ireland was not included in this 
analysis. Also, sex- specific weekly all- cause mortality for 
Peru was collected from 2017 to 2021.

The weekly results of the observed versus expected 
mortality rates are presented graphically using z- scores 
[(number of observed deaths–expected mortality)/SD 
of the residuals]. Z- scores ranging from −2 and +2 are 
considered ‘normal’, while a z- score >4 is considered a 
substantial increase.35 36

Subsequently, the cumulative expected 2020 and 2021 
mortality rates were subtracted from the respective cumu-
lative observed 2020 and 2021 mortality rates to obtain 
estimates of excess mortality separately for the years 
2020 and 2021. The statistical significance of the excess 
mortality rate was determined using the 95% confidence 
intervals (CIs) estimated by the model.

P- score, defined as the ratio of the cumulative excess 
to the cumulative expected mortality, expressed as a 
percentage, was calculated for both years 2020 and 2021, 
for the total, male and female population, as well as for 
the age groups <65, 65+, <70 and 70+.

Ecological analysis of correlates of excess mortality
In an attempt to identify correlates of excess mortality 
in the participating countries (ecological analysis), a 
database of twenty country- level sociodemographic vari-
ables (reported yearly) and three pandemic- related vari-
ables (reported weekly), was built using publicly avail-
able sources as outlined in online supplemental table 
S3. The variables collected were variables previously 
investigated in association with excess mortality during 
the COVID- 19 pandemic in published research37 and 
included: (1) population- related variables (population 
density, population median age, percentage of popu-
lation aged 65+ years, life expectancy, hypertension, 
diabetes and obesity prevalence, and air pollution (PM2.5 
concentration)); (2) government and economy- related 
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variables (gross domestic products (GDP), Human 
development index (HDI), Inequality- adjusted HDI 
(IHDI), Gini index, Government Effectiveness index 
and government revenue); (3) health resource variables 
(hospital beds per thousand population, total medical 
doctors and total nursing personnel (per 10 000 popu-
lation), universal health coverage (UHC), completeness 
of vital registration system and Healthcare Access and 
Quality Index (HAQ)) and (4) pandemic- related vari-
ables (weekly incidence of COVID- 19 per 1000 popula-
tion, stringency index of government control measures 
(with a 3- week lag) and percentage of people fully vacci-
nated (with a 3- week lag)). Mauritius was excluded from 
this analysis due to the lack of recent data from reliable 
sources.

Initially, the association between each of these vari-
ables and excess mortality z- score was examined across 
countries, for 2020 and 2021 combined, using a linear 
regression model. A strong association was observed 
between completeness of vital registration systems and 
excess mortality (β=−0.42, p<0.001) suggesting that level 
of completeness may be biasing the excess mortality 
results. Therefore, countries with a completeness of 
<90%, namely Kazakhstan and Peru, were excluded from 
this and subsequent analyses. Then, three multivariable 
models were built using (1) population variables, (2) 
economic and government- related variables and (3) 
healthcare resource variables, as indicated in online 
supplemental table S3. Multicollinearity was examined 
within each class of variables, and among the collinear 
variables the ones that returned the best model fit were 
retained. The retained variables for each model, all with 
a variance inflation factor of less than 10, were rescaled to 
a mean of 0 and an SD of 1.

Following, the pandemic- related variables were exam-
ined using multilevel models, with country as a random 
effect, the pandemic- related variables as fixed effects, 
and with the method of restricted (residual) maximum 
likelihood. Two separate multilevel models were run, one 
for 2020 (excluding vaccination) and one for 2021. Inter-
actions between the pandemic- related variables were also 
examined for each year. In all models above, weeks with 
z- scores larger than 15 were excluded as outliers, based 
on bag plots, and the normality of the z- scores outcome 
variable was examined (online supplemental figures 
S1–S3).

Lastly, the associations between stringency of 
control measures (3- week lag) during 2020–2021 and 
percentage of population fully vaccinated (3- week lag) 
during 2021 with excess mortality z- scores were investi-
gated in regression models with time- varying exposure 
against excess mortality, adjusting for weekly COVID- 19 
incidence. A separate model was run for each country 
and the time- varying coefficients were illustratively 
compared with the static regression model coefficients. 
All analyses were performed using R Statistical Software, 
V.4.2.2 (The R Foundation for Statistical Computing, 
Vienna, Austria).

Patient and public involvement
Patients or the public were not involved in the design, 
or conduct, or reporting, or dissemination plans of our 
research.

RESULTS
Weekly comparisons-total population and by sex in 2020 and 
2021
In 2020, 18 countries showed a substantial increase in the 
ASMR ranging from 1 to 29 weeks, while in 2021, 17 coun-
tries showed a substantial increase in the ASMR ranging 
from 1 to 37 weeks. Figure 1 shows the weekly ASMR 
z- score over time from week 1 2020 to week 52 2021. The 
countries that showed a substantial increase (>4 z- scores) 
in the ASMR over time from week 1 2020 to week 52 2020 
for the total population include Peru (29 weeks), the 
USA (26 weeks), Brazil (25 weeks), Belgium and Italy (14 
weeks), Sweden (13 weeks), Poland (12 weeks), France 
and Spain (11 weeks), Slovenia (9 weeks), Georgia, 
England and Wales and Kazakhstan (8 weeks), Austria 
(7 weeks), Israel (6 weeks), Greece (4 weeks), Northern 
Ireland (2 weeks) and Cyprus (1 week). In 2021, the coun-
tries that showed a substantial increase in the ASMR over 
time from week 1 2021 to week 52 2021 for the total popu-
lation include Kazakhstan (37 weeks), Brazil (32 weeks), 
Peru and the USA (28 weeks), Poland and Georgia (23 
weeks), Greece (14 weeks), Israel (10 weeks), Slovenia (7 
weeks), Estonia (6 weeks), England and Wales (5 weeks), 
Austria (4 weeks), Norway and Sweden (3 weeks), Cyprus 
and Spain (2 weeks) and Belgium and Northern Ireland 
(1 week). In contrast, Australia, Denmark, Mauritius and 
Ukraine did not display substantial excess mortality for 
any week during either year. Norway and Estonia did not 
show substantial excess mortality for any week during 
2020, and we did not find any substantial excess mortality 
for any week during 2021 for France and Italy.

Sex- specific weekly ASMR z- scores over 2020 and 
2021 are shown for each country in figure 2 for males 
and females, respectively. The countries that showed a 
substantial increase (>4 z- scores) in the ASMR over 2020 
for the male population include Austria, Belgium, Brazil, 
Cyprus, England and Wales, France, Georgia, Greece, 
Israel, Italy, Kazakhstan, Peru, Poland, Slovenia, Spain, 
Sweden, and the USA. The excess mortality duration 
between countries in 2020 varied between 1 and 33 weeks 
for 2020. The same countries, besides Cyprus, showed a 
substantial increase in the ASMR over 2021 for the male 
population, with the addition of Norway and Estonia. 
The excess mortality duration between countries varied 
between 1 and 39 weeks in 2021 for 2021. Australia, 
Denmark, Mauritius and Ukraine did not display substan-
tial excess mortality in males for any week during the 
years 2020 and 2021. Norway and Estonia did not display 
substantial excess mortality in males for any week during 
2020, while Cyprus did not display substantial excess 
mortality for any week during 2021.
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In 2020, the countries that showed a substantial 
increase in the ASMR over time for the female popu-
lation included Austria, Belgium, Brazil, England and 
Wales, France, Georgia, Greece, Israel, Italy, Kazakhstan, 
Peru, Poland, Slovenia, Spain, Sweden, and the USA. 

The excess mortality duration between countries varied 
between 2 and 24 weeks for 2020. The same countries, 
besides Belgium, France, Italy and Sweden, showed a 
substantial increase in the ASMR over time during 2021 
for the female population as well, with the addition of 

Figure 1 Weekly z- score of age- standardised all- cause mortality rate for total population for 2020 and 2021.

Figure 2 Weekly z- score of age- standardised all- cause mortality rate by sex for 2020 and 2021.
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Estonia. The excess mortality duration between coun-
tries varied between 1 and 32 weeks for 2021. Australia, 
Cyprus, Denmark, Mauritius, Norway and Ukraine did 
not display substantial excess mortality in females for 
any week during both years 2020 and 2021. Estonia did 
not display substantial excess mortality in females for 
any week during 2020, while Belgium, France, Italy and 
Sweden did not display substantial excess mortality for 
any week during 2021.

Weekly comparisons by age group for total population in 2020 
and 2021
Figures 3 and 4 show the weekly mortality rate z- score 
over time in 2020 and 2021 for ages <65, 65+, <70 and 
70+ years for the total population. The countries that 
showed a substantial increase in the weekly mortality rate 

over 2020 for the younger age group investigated include 
Austria, Belgium, Brazil, England and Wales, Georgia, 
Greece, Italy, Peru, Poland, Spain, and the USA (age 
group <65), and France, Georgia, Italy, Kazakhstan, Peru, 
Poland, and Sweden (age group <70). In 2021, apart 
from France and Sweden, these countries also showed a 
substantial increase in the weekly mortality rate for the 
younger age groups, with the addition of Slovenia.

Cumulative excess mortality in 2020 and 2021
Figure 5 shows the comparison of the cumulative excess 
all- cause mortality for 2020 and 2021. Online supple-
mental tables S4 and S5 show the cumulative observed 
and expected all- cause ASMRs for each year, 2020 and 
2021, respectively. Online supplemental table S6 shows 

Figure 3 Weekly z- score of all- cause mortality rate for age groups <65 and 65+ for 2020 and 2021.

Figure 4 Weekly z- score of all- cause mortality rate for age groups <70 and 70+ for 2020 and 2021.
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the cumulative observed and expected all- cause ASMRs 
for both 2020 and 2021 together.

All participating countries, with the exception of 
Australia, Denmark and Mauritius, presented statistically 
significant excess cumulative mortality rates during 2020. 
On the other hand, Mauritius revealed a statistically signif-
icant decrease in yearly all- cause mortality rate, while 
Australia and Denmark showed no statistically significant 
differences in all- cause mortality rate in 2020. During 
2021, all countries included in this analysis, except for 
Mauritius, reported statistically significant excess cumu-
lative mortality rates. Mauritius demonstrated a statisti-
cally significant decrease in yearly all- cause mortality rate 
during both years 2020 and 2021.

Online supplemental tables S7 and S8 report the 
yearly cumulative mortality rate differences (observed - 
expected) by sex for 2020 and 2021, respectively. For the 
male population, all countries demonstrated statistically 
significant excess cumulative mortality rates during 2020 
and 2021, except for Australia in 2020, Denmark in 2020, 
and Mauritius in both years. For the female population, 
with the exception of Australia, Denmark, Norway and 
Ukraine, all countries demonstrated statistically signif-
icant excess cumulative mortality rates during 2020. In 
2021, excess all- cause mortality was observed in all coun-
tries except Belgium and Mauritius.

Figure 6 and online supplemental table S9 show the 
male to female cumulative excess ASMR ratios for 2020 
and 2021. Females were more affected than males in 
Mauritius only in 2020, and in Australia, Denmark, 

Mauritius and Ukraine in 2021. Cumulative excess all- 
cause mortality for males and females during 2020 and 
2021 are shown in online supplemental figures S4 and 
S5.

Online supplemental tables S10 and S11 demonstrate 
the cumulative CMR differences (observed - expected) 
by age group for the years 2020 and 2021, respectively. 
Age- specific differences in all- cause mortality for the 
whole years 2020 and 2021 were observed in the majority 
of the countries included in the present study. However, 
the differences were higher in the older age groups; 65+ 
and 70+ than those in the younger age groups for both 
years. During 2020, only Australia observed no statisti-
cally significant differences in all- cause mortality for any 
of the age groups, and Denmark demonstrated statisti-
cally significant cumulative CMR difference only in the 
70+ age group. Norway and Israel demonstrated statisti-
cally significant increase in the cumulative CMR differ-
ence in the older groups only. Mauritius demonstrated 
statistically significant decrease in the cumulative CMR 
difference in the <70 age group, and significant increase 
in the 70+ age group.

During 2021, all the countries observed statistically 
significant increases in cumulative CMR difference in the 
65+ age group. In the <65 age group, all countries showed 
statistically significant increase in cumulative CMR differ-
ence, except for Australia, Denmark and Norway. Also, 
in the 70+age group, all countries observed statistically 
significant increases in cumulative CMR difference, 
except for Mauritius that showed a statistically significant 

Figure 5 Cumulative excess age- standardised mortality rate for total population for 2020 and 2021. Plot letters correspond 
to the age groups in which countries have provided data, and therefore, the age groups used for age standardisation: (A) age 
groups <15, 15–44, 45–64, 65+; (B) age groups <20, 20–49, 50–69, 70+; (C) age groups <45, 45–64, 65+; (D) age groups <20, 
20–69, 70+; (E) age groups <15, 15–64, 65+.
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decrease. In the <70 age group, the following countries 
observed statistically significant increases in cumulative 
CMR difference: Cyprus, France, Georgia, Italy, Kazakh-
stan, Norway, Peru, Sweden and Ukraine. Mauritius and 
Poland demonstrated statistically significant decrease in 
the cumulative CMR difference in the <70 age group.

Ecological analysis of correlates of excess mortality
The univariable regression results for each of the 20 inves-
tigated variables are included in table 1 and the distribu-
tion of these variables across countries is shown in online 
supplemental table S12. In the multivariable model of 
population- related variables, median population age and 
life expectancy were removed due to collinearity. Of the 
remaining variables, hypertension prevalence (β=0.54, 
p<0.001), diabetes prevalence (β=0.43, p<0.001) and 
obesity prevalence (β=0.35, p<0.001) were positively asso-
ciated with excess mortality (table 1). In the multivariable 
model of government and economy- related variable, GDP, 
IHDI and government effectiveness were removed due to 
collinearity between them and the retained HDI. Of the 
retained variables, HDI (β=−0.28, p<0.001) was negatively 
associated with excess mortality, whereas, GINI index 
(β=0.66, p<0.001) was positively associated. Lastly, of the 
healthcare resource- related variables, UHC was removed 
due to collinearity with HAQ. Of the included variables 
hospital beds per 1000 population (β=−0.26, p<0.001) 
and HAQ (β=−0.67, p<0.001) were both negatively associ-
ated with excess mortality, whereas completeness of vital 

registration systems (β=0.13, p=0.023) was significantly 
positively associated with excess mortality. Total medical 
and nursing personnel were not significantly associated 
with excess mortality (table 1).

Across all models, 1 SD increase in Gini, diabetes and 
hypertension prevalence produced the strongest posi-
tive effect estimates, whereas HAQ and HDI had the 
strongest negative effect estimates. Nevertheless, the R2 
values of the predictive models were low (0.101, 0.106 
and 0.089, respectively) suggesting the influence of addi-
tional predictors.

In the year- specific models built for examining the 
influence of pandemic- related variables, the random 
effect of country introduced variation in the model, 
with an intraclass correlation coefficients of 0.24 for 
2020 and 0.38 for 2021 (table 2). In the mixed model 
including 2020 weeks only, weekly incidence of reported 
COVID- 19 cases (β=0.75, p<0.001) and stringency of 
control measures (β=0.312, p<0.001) were positively 
associated with excess mortality z- scores, given a zero 
(average) value for the other variable. For higher values 
of stringency of control measures, the influence of the 
weekly incidence of reported COVID- 19 cases on excess 
mortality was decreased, but this was of borderline signif-
icance (βinteraction=-0.18, p=0.050).

In the model including 2021 weeks only, weekly inci-
dence of reported COVID- 19 cases (β=0.59, p<0.001) was 
again positively associated with excess mortality, whereas 

Figure 6 Males to females cumulative excess age- standardised mortality rate ratio for 2020 and 2021.
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stringency of control measures (β=−0.39, p<0.001) was 
inversely associated, given zero (average) values for 
all other variables in the model (table 2). The number 
of people fully vaccinated per 100 population was not 
independently associated with excess mortality (β=0.08, 
p=0.449), however, it interacted significantly with 
weekly incidence of reported COVID- 19 cases so that a 
1 SD increase in vaccination rates attenuated the posi-
tive relationship between weekly incidence of reported 
COVID- 19 cases and excess mortality from 0.59 to 0.38 
(βinteraction=-0.210, p<0.001).

Lastly, the results of the time- varying models for strin-
gency of control measures and the effect of vaccination 
on the excess mortality in each country are presented 
and described in online supplemental figures S6–
S26. Overall, the results indicate that in each country 
a different pattern of associations was observed with 
substantial fluctuations in the coefficients across the time 
period of investigation for both variables.

DISCUSSION
Summary of findings
The present study estimated total, sex- specific and age- 
specific excess all- cause mortality in 24 countries during 
the years 2020 and 2021. The majority of investigated 
countries showed significant excess mortality during at 
least 1 week of 2020 and 1 week of 2021, with varying 
duration. Australia, Denmark, Mauritius and Ukraine 
did not display excess mortality for any week during both 
years 2020 and 2021, while Norway did not display excess 

mortality during 2020, and France and Italy during 2021. 
Moreover, excess mortality was higher for people aged 
65+ years and 70+ years than in younger age groups (<65 
and <70) in most countries.

Excess of cumulative ASMRs was reported in all coun-
tries analysed in 2020 and/or 2021, except for Australia 
and Mauritius. Denmark showed no statistically signifi-
cant differences in all- cause mortality rate in 2020 and 
Mauritius demonstrated a statistically significant decrease 
in yearly all- cause mortality rate during both years. The 
highest estimated excess mortality rate for 2020 was 273 
deaths per 100 000 population in Peru, while the highest 
estimated excess mortality rate for 2021 was 338.7 deaths 
per 100 000 population in Kazakhstan. These findings 
are in accordance with those reported elsewhere, regard-
less of the use of different methodologies and data 
sources.22 24 38 39 More specifically, Nepomuceno et al, 
using a combination of different methodologies, demon-
strated that Italy, the USA, Slovenia and countries of the 
UK were the most heavily affected in terms of ASMRs.40 
Additionally, Karlinsky and Kobak estimated excess 
deaths by using data from the World Mortality Dataset 
until the end of 2020 or the first half of 2021, and showed 
that Peru, Brazil, the USA, Italy and countries of the UK 
were the most affected.41 COVID- 19 Excess Mortality 
Collaborators (2022) have also identified Italy, Greece, 
Norway, Spain, Sweden and the USA as having a high 
excess of all- cause deaths.22

The cumulative excess for all- cause mortality for the 
total population in 2020 was higher than in 2021 in 

Table 2 Multilevel model results on the ability of pandemic- related variables to predict excess mortality (z- scores) during 
2020 and 2021

Predictors

2020* 2021*

Estimates 95% CI P value Estimates 95% CI P value

(Intercept) 1.90 1.32 to 2.49 <0.001 1.94 1.26 to 2.62 <0.001

Weekly incidence of COVID- 19 (3- week lag) 0.75 0.54 to 0.96 <0.001 0.59 0.40 to 0.78 <0.001

Stringency of control measures (3- week lag) 0.31 0.15 to 0.47 <0.001 −0.39 −0.61 to −0.17 <0.001

Weekly incidence of COVID- 19×stringency of 
control measures (interaction)

−0.18 −0.35 to 0.00 0.050

No of fully vaccinated per 100 population (3- 
week lag)

0.08 −0.13 to 0.29 0.449

Weekly incidence of COVID- 19×No of fully 
vaccinated per 100 population (interaction)

−0.21 −0.32 to −0.10 <0.001

Random effects 2020 2021

σ2 5.41 3.90

ICC 0.24 0.38

N data$location 21 21

Observations 910 1074

Marginal R2/conditional R2 0.083 / 0.305 0.070 / 0.428

*For each year, the model included all listed but not shaded variables. Kazakhstan and Peru were excluded from this analysis due to a 
completeness of vital registration systems of <90% which affects excess mortality estimates.
ICC, intraclass correlation coefficient.
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Austria, Belgium, England and Wales, France, Italy, 
Mauritius, Slovenia, and Spain. This may be due to the 
COVID- 19 vaccination programmes that have been 
shown to reduce at least COVID- 19- related mortality,3 42 
or due to the time of different waves as in the case of 
Belgium where a second wave arrived in late 2020 rather 
than early 2021.43 The same scenario applies to both 
female and male populations, with the exception of 
Slovenia where for females the cumulative excess for all- 
cause mortality was higher in 2021 than in 2020. These 
results align with other published results. The Our World 
in Data also shows that in France, Belgium, Italy and 
Spain, excess mortality in 2020 was higher than in 2021.44

In the yearly cumulative comparison, increases or 
decreases in all- cause mortality were similar between 
sexes in both years except for Mauritius (statistically 
significant decrease only in females in 2020), Norway 
(statistically significant increase only in males in 2020), 
Ukraine (statistically significant increase only in males 
in 2020) and Belgium (statistically significant increase 
only in males in 2021). Moreover, males were more 
affected than females in terms of cumulative excess 
ASMR, with the exception of Australia and Mauritius in 
2020, and Australia, Denmark, Mauritius and Ukraine 
in 2021. Many studies have previously reported the 
male predominance in excess mortality in most coun-
tries.15 24 45–47 This may be due to a number of factors, 
such as occupation and lifestyle factors, or differences 
in comorbidities between males and females that may 
rise the possibility of SARS- CoV- 2 exposure among 
males than females.24

The observed pattern of weekly excess mortality in the 
countries included in the current study demonstrates 
that some countries experienced substantial excess 
mortality during the first half of the year but not later, for 
both 2020 and 2021 (Kazakhstan, Peru, Spain in 2020, 
Brazil in 2021), while other countries did so during the 
second half of the year but not earlier (Austria, Georgia, 
Greece, Israel in 2020 and 2021). Similar peaks in excess 
mortality for the participating countries were reported 
elsewhere.22 24 41 44

Of the country- level sociodemographic variables inves-
tigated, hypertension, diabetes and obesity prevalence, 
as well as Gini index were positively associated with 
increased excess mortality, whereas HDI, hospital beds 
per 1000 population and HAQ were inversely associated 
with excess mortality as also shown elsewhere.22 48–54 Inter-
estingly, completeness of vital registration and excess 
mortality were significantly positively associated when 
the multivariable model was restricted to countries with 
higher than 90% of completeness. Below that complete-
ness level, multiple factors unique to under resourced 
health system settings are likely to influence the death 
rate, and deaths recording, and as a result the observed 
relationship with excess deaths is likely underestimated 
and biased. Therefore, interpretation of results from 
countries with less than 90% of completeness in their 
vital registrations should be treated with caution, as the 

observed mortality rates may underestimate the true 
excess mortality.

In the multilevel models investigating pandemic- 
related variables, the random effect of country explains a 
substantial proportion of the variability in the outcome, 
highlighting that different countries had a different 
experience with respect to the determinants of excess 
mortality. It is also important to highlight that in these 
models, the coefficients returned are an average of the 
experience of the included countries. Weekly reported 
incidence of COVID- 19 significantly increased excess 
mortality during both years. Seroprevalence was also 
shown to be associated with excess mortality elsewhere.22 
During 2020, contrary to expectations,16 the stringency 
of control measures was positively associated with excess 
mortality, whereas, during 2021, those countries that 
retained strict control measures experienced less excess 
mortality. In the time- varying models that investigated 
the effects of stringency on excess mortality, across 2020–
2021, in each country independently, substantial fluctua-
tions are evident in the observed coefficients suggesting 
that it might not be the overall stringency of measures, 
but specific policies that had a greater benefit in miti-
gating excess mortality in each country. Nevertheless, for 
most countries, despite the fluctuations, the coefficients 
were in the negative range for most of the duration of 
the 2 years indicating an overall protective effect of the 
stringency of control measures.

In the multilevel model for 2021, no significant associ-
ation was observed between vaccination rates and excess 
mortality, despite a clear and significant trend between 
maximum achieved vaccination coverage and cumula-
tive excess mortality, across countries, in 2021 (online 
supplemental figure S27). This non- significant asso-
ciation is likely attributed to the different experience 
of each country in terms of the prioritising older and 
vulnerable populations in vaccine distribution and to 
the variability of the development level of participating 
countries since high- income countries tended to have 
greater vaccine access, and managed to cover larger 
proportions of their older and at- risk populations. 
Conversely, lower- income and middle- income coun-
tries, such as Georgia and Ukraine, experienced delays 
in achieving sufficient vaccination coverage compared 
with high- income countries. Consequently, substantial 
benefits may not have been reflected during 2021. Simi-
larly, as seen in online supplemental figures S6–S27, 
for many countries, sharp increases in vaccine coverage 
coincided with the increasing prevalence of the more 
virulent Delta variant (between July and November 
2021), something that could be masking beneficial 
effects of vaccination. Vaccinations did benefit excess 
mortality through interaction with weekly incidence 
of reported COVID- 19 cases; in countries and weeks 
with higher than average vaccination rates, increases in 
incidence of COVID- 19 did not lead to as high excess 
mortality as compared with countries and weeks with 
average vaccination rates.
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Despite the variable experience of countries, the time- 
varying models for vaccination display some common 
features between countries. Several countries (Austria, 
Belgium, Denmark, England and Wales, France, Israel, 
Northern Ireland, Norway, and Sweden) had negative 
coefficients for the association between vaccination 
coverage and excess mortality, during the first weeks of 
vaccine introduction, suggesting that the first wave of 
vaccinations that, in most countries prioritised older 
and vulnerable portions of the population, managed to 
mitigate excess mortality. For most of these countries, 
the coefficients of the association then increased to zero 
or even positive numbers. In fact, Australia, Austria, 
Belgium, Denmark, England and Wales, Norway, Poland, 
Slovenia, and Northern Ireland experienced positive 
coefficients during the second half of 2021, which could 
be explained by waning effectiveness of the first vacci-
nations, as well as by the rise in prevalence of the Delta 
variant. On the other hand, Brazil, Cyprus, Georgia, 
Greece and Italy all started with positive coefficients that 
declined as vaccination coverage increased. The reasons 
for the different experiences in these latter countries 
remain to be investigated.

Strengths and limitations
To the best of our knowledge, the present study belongs 
to a small group of studies that attempted to investigate 
total, sex- specific and age- specific excess mortality for 
multiple countries for the whole years 2020 and 2021, 
using national data sources for mortality estimates. This 
is also one of the few studies presenting mortality esti-
mates for Kazakhstan and Mauritius.15 22 The model used 
for the estimation of excess mortality, also used in our 
previous work,15 was shown to produce estimates with the 
least bias compared with an array of methodologies.39 40 
In addition, investigating excess mortality by age group 
and applying age standardisation in the calculation of 
total and sex- specific excess mortality is a critical advan-
tage as it was previously shown that the age stratification 
has an impact on excess death calculations.55 56 Lastly, 
this is one of few existing studies that investigated several 
correlates of excess mortality in the participating coun-
tries.37 57 One of the limitations of our study is that partic-
ipating countries did not use consistent age groupings 
to calculate age- specific all- cause mortality. Therefore, 
age- standardised results are not entirely comparable 
between countries and direct comparisons between 
countries cannot be applied. Thus, the magnitude of 
excess mortality for 2020 and 2021 should not be used as 
a measure of comparison of impact between countries; 
rather as an indicator of the COVID- 19 impact on all- 
cause mortality in each country, as previously discussed.15 
Another limitation is the ecological nature of the investi-
gation of determinants of excess mortality since correla-
tions at population level may be proxies for other factors 
that directly relate to excess deaths or the reporting of 
deaths. With numerous and strong correlations between 
the investigated variables, any findings should only be 

taken to indicate association rather than causation. 
Lastly, even though the reference period and the data 
collection for Ukraine predate the start of the war, we 
cannot preclude that updates to the data may have been 
adversely impacted by the disastrous war.

CONCLUSION
Our study estimating overall, sex- specific and age- specific 
excess all- cause mortality in 24 countries, demonstrated 
that during 2020 and 2021, most of the investigated 
countries presented excess all- cause mortality compared 
with what was expected based on the years 2015–2019. 
Furthermore, looking at the male to female ratio of 
excess mortality, females were more affected than males 
only in Australia, Denmark, Mauritius and Ukraine. Also, 
our findings showed that excess mortality was higher for 
people aged 65+ years and 70+ years than in younger age 
groups (<65 and <70) in most countries, but younger 
age groups were also affected in several countries. These 
findings can serve as evidence that health resilience 
needs to be strengthened in those countries and the 
sex and age groups that were most affected. Lastly, our 
results support that public health interventions, such as 
stringency of control measures and vaccinations, directly 
or indirectly influenced the impact of the pandemic in 
terms of mortality. Therefore, it is evident that continued 
tracking of excess all- cause mortality is crucial to accu-
rately estimate the true toll of COVID- 19.
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