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Abstract

Background This study investigated cause-specific mortality rates in 12 countries during the COVID-19 pandemic in 2020
and 2021.

Methods We collected weekly cause-specific mortality data from respiratory disease, pneumonia, cardiovascular disease
(CVD) and cancer from national vital statistic databases. We calculated excess mortality for respiratory disease (exclud-
ing COVID-19 codes), pneumonia, and CVD in 2020 and 2021 by comparing observed weekly against expected mortality
based on historical data (2015-2019), accounting for seasonal trends. We used multilevel regression models to investigate
the association between country-level pandemic-related variables and cause-specific mortality.

Results Significant reductions in cumulative mortality from respiratory disease and pneumonia were observed in 2020 and/
or 2021, except for Georgia, Northern Ireland, Kazakhstan, and Ukraine, which exhibited excess mortality for one or both
causes. Australia, Austria, Cyprus, Georgia, and Northern Ireland experienced excess cumulative CVD mortality in 2020
and/or 2021. Australia, Austria, Brazil, Cyprus, Georgia, Northern Ireland, Scotland and Slovenia, experienced increased
crude cumulative cancer mortality during 2020 and/or 2021 compared to previous years. Among pandemic-related variables,
reported COVID-19 incidence was negatively associated with increased cancer mortality, excess respiratory, (2020) and
pneumonia (2021) mortality, and positively associated with respiratory and CVD mortality (2021). Stringency of control
measures were negatively associated with excess respiratory disease, CVD, and increased cancer mortality (2021).
Conclusions This study provides evidence of substantial excess mortality from CVD, and notable reductions in respiratory
disease and pneumonia in both years across most countries investigated. Our study also highlights the beneficial impact of
stringent control measures in mitigating excess mortality from most causes in 2021.

Keywords Cause-specific mortality - COVID-19 - Cardiovascular diseases - Cancer - Respiratory tract infections - Public
health measures
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1 Introduction

The severe acute respiratory syndrome coronavirus 2
triggered a pandemic and led to a global public health
emergency and response of historical magnitude [1]. The
disease, named coronavirus-19 (COVID-19), infected mil-
lions, and has had extensive impacts on disease manage-
ment and mortality, directly through community spread
and indirectly through disruptions in screening, diagno-
sis, and treatment processes [2]. Healthcare systems were
compelled to restructure and adapt to the novel disease,
while ensuring continuous provision of routine and emer-
gency care for other conditions. The interruption of vital
healthcare services, including referrals, diagnoses, and
treatments, has been suggested to contribute to excess
cardiovascular (CVD) [3] and cancer mortality [4]. Sev-
eral studies have reported excess mortality across CVD,
cancer, and respiratory disease causes during the pandemic
[5-7].

To date, research on the impact of the COVID-19 pan-
demic on mortality has primarily focused on all-cause
mortality rates [8]. Research on cause-specific mortality
remains limited and fragmented [5, 7], often analysing
data from single countries [6]. In an effort to achieve a bet-
ter understanding of the pandemic and improve future pub-
lic health response, the COVID-19 MORtality (C-MOR)
Consortium was established, aiming to investigate the
impact of the pandemic on mortality. The consortium
strives to foster a global reach, transcending geographi-
cal limitations, by utilizing data from national primary
sources across countries worldwide [9, 10]. The present
analysis focuses on examining the magnitude of excess
cause-specific mortality during the COVID-19 pandemic
in 12 countries of the C-MOR consortium. This study also
aims to identify pandemic-related predictors of excess
cause-specific mortality. The analysis aims to provide a
deeper understanding of the burden of the pandemic on
various causes of death, generating valuable knowledge for
informing decision-making processes in future pandemics.

2 Methods

2.1 Data Collection

2.1.1 Mortality Data Collection

We collected mortality data from 12 countries participat-
ing in the C-MOR consortium (Australia, Austria, Bra-

zil, Cyprus, England and Wales, Georgia, Kazakhstan,
Northern Ireland, Scotland, Slovenia, Ukraine, and the
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United States of America (USA)), between June—Septem-
ber 2022, from national vital statistic databases, either
publicly available or with restricted access (Supplemen-
tary Table S1). Data collection several months after the
study period accounted for reporting delays. We collected
weekly mortality data between 2015 and 2021 for all ages
and both genders from each country, for the following
causes: respiratory disease (ICD-10: J00-J99), pneumo-
nia (ICD-10: J12.0-J18.9), CVD (ICD-10: 100-109, 111,
120 -151, 110, 112, 160-169, 170-178 & 180-199), and cancer
(ICD-10: C00-C97). Notably, COVID-19 codes (ICD-10:
UO07.1 and U07.2) were excluded from respiratory disease
mortality, as countries in the analysis separated them dis-
tinctly. Variability in how these codes were used to register
COVID-19 deaths precluded analysis of COVID-19 spe-
cific mortality in this study. Weeks were defined as ISO
week (Monday-Sunday), Epi week (Sunday-Saturday), or
national counting week, varying by country. Data for all
causes were available across all participating countries
except for England and Wales (only respiratory), Kazakh-
stan (respiratory, pneumonia), Scotland (respiratory, can-
cer), and the USA (respiratory, CVD).

2.1.2 Pandemic-Related Variable Collection

To identify variables potentially associated with excess
mortality in the participating countries, we collected data
on pandemic-related variables (reported weekly), including
incidence of reported COVID-19 cases, stringency of con-
trol measures and vaccination rates as percentage of popu-
lation fully vaccinated, from publicly available and reliable
sources, outlined in Supplementary Table S2.

2.2 Statistical Analysis
2.2.1 Observed Mortality Rates

We calculated mortality rates using total mid-year popula-
tion estimates obtained by the World Bank for all partici-
pating countries [11], except for the United Kingdom (UK)
(population sourced from the Office for National Statistics
[12]), and Cyprus (Republic of Cyprus population obtained
from Eurostat [13]).

Weekly crude mortality rates (CMRs) were calculated for
the total population using Eq. (1)

yow

P,/N,

where, D, ,, represents the number of deaths in year y and
week w, P, represents the mid-year population in year y,
while N,, represents the number of weeks in the year.

Crude mortality rate (CMR),,,, =

%x 100,000 (1)
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As a preliminary investigation, we analyzed the rela-
tionship between observed weekly average CMRs from
2015 to 2019 and 2020 to 2021 using a generalized esti-
mating equation (GEE) model with a Poisson distribu-
tion, for each cause. CMRs were rounded to the nearest
integer. We used the Wald test to assess the significance of
the estimated model parameters, with a significance level
at p<0.05.

2.2.2 Excess Mortality

We estimated expected 2020 and 2021 mortality rates
based on 2015-2019 historical data using a Generalized
Linear Model (GLM) with a Poisson Regression, account-
ing for seasonal trends, as explained elsewhere [10]. We
applied the model to the total population of each country,
for respiratory, pneumonia, and CVD causes, separately.
We estimated expected mortality rates for complete weeks,
excluding truncated weeks (supplementary Table S3). We
determined statistical significance using 95% confidence
intervals estimated by the model. We present weekly
results of observed vs expected CMRs graphically using
z-scores obtained using Eq. (2). Z-scores between -2
and + 2 are considered normal, while z-scores >4 or <-4
signify a substantial increase or decrease, respectively.
Z-score — Excess CMRs @)
SD

where, SD = standard deviation of residuals.

Subsequently, we calculated cumulative excess mortal-
ity for 2020 and 2021 by subtracting cumulative expected
mortality from the cumulative observed rates, for each
cause. We determined statistical significance using the
95% Cls estimated by the model.

The data of weekly cancer mortality was a poor fit
in the GLM with R? values spanning from 0.02 to 0.38
across countries, suggesting potential unreliability in the
findings. Consequently, we excluded cancer entirely from
the time-series analysis.

For cancer, we calculated cumulative excess mortality
(as % change) by subtracting the total average 2015-2019
CMRs from the total 2020 and 2021 CMRs. Additionally,
we used a joinpoint regression to calculate the percent
change in CMRs across trimesters, allowing the identifica-
tion of significant changes in cancer mortality trends [14].
We set a maximum of 5 joinpoints as a parameter for the
regression, and for each country, we retained the model
with the best fit (most pertinent number of joinpoints). We
also considered the use of weekly CMRs for the latter anal-
ysis; however the large volume of data points precluded
the execution of a joinpoint regression within the software.

2.2.3 Associations of Pandemic-Related Variables
with Excess Mortality

We utilized multilevel models to examine pandemic-related
variables, including weekly COVID-19 incidence, stringency
of control measures, and the percentage of fully vaccinated
individuals, with country as a random effect, the variables as
fixed effects, and the method of restricted maximum likeli-
hood. We ran the model separately for 2020 (excluding vac-
cinations) and for 2021 for each cause. We considered interac-
tions among pandemic-related variables but retained them only
if they improved the model fit. In all models, we used excess
mortality z-scores as the outcome, excluding z-scores > 15 as
outliers identified using bag plots. For cancer, we used the per-
cent change in observed 2020 and 2021 mortality rate versus
2015-2019 as the outcome.

We set nominal significance at 0.05, acknowledging that
this is an exploratory study. Therefore, all p-values should
be interpreted accordingly.

We conducted statistical analyses using R Statistical Soft-
ware, version 4.2.1 (The R Foundation for Statistical Com-
puting, Vienna, Austria), except for joinpoint regression, for
which we used Joinpoint Trend Analysis Software, version
5.0.2. We produced graphical representations in R statisti-
cal Software, version 4.2.1., STATA/BE 17.0, and Joinpoint
Trend Analysis Software, version 5.0.2.

3 Results

3.1 Weekly Observed Mortality Rates for Total
Population

Our results reveal that average weekly mortality rates varied
by cause, country and time. Table 1 displays mean values,
coefficients and p-values of observed weekly average mor-
tality rates for each cause in 2020 and 2021, compared to
2015-2019. Supplementary Figures S1-S4 offer graphical
comparisons.

3.2 Weekly Observed vs. Expected Comparisons
for Total Population

Figures 1, 2 and 3 depict weekly CMR z-scores from Week
12020 to Week 52 2021 for the total population, for respira-
tory disease, pneumonia, and CVD. Supplementary Table S4
details weeks of substantial cause-specific mortality change
in countries.

3.3 Cumulative Excess Mortality for the Total
Population

Cumulative observed and expected cause-specific mor-
tality rates for 2020 and 2021 (excluding cancer) are
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Table 1 Observed weekly average mortality rates for respiratory disease (in 12 countries), pneumonia, cardiovascular disease and cancer (in 9
countries) in 2020 and 2021 compared to 2015-2019 (per 100 000 population)

Country Respiratory disease Pneumonia

2015-2019 2020 2021 2015-2019 2020 2021

Mean Mean Coef. Mean  Coef. Mean Mean  Coef. Mean  Coef.
Australia 58.4 47.9 —(.2%3%:% 50.6 -0.14 11.1 8.3 —0.29%%% 82 —(.3%%:%

skeksk

Austria 56.7 55.1 —0.03**%* 44,6 — .24 %% 12.7 10.3 —0.21%* 7.8 —0.48*
Brazil 74.6 70.7 —0.05* 66.8 —0.11%*%* 384 31.9 —0.18*** 31,6 —0.20%:**
Cyprus 66.2 70.5 0.6 57.5 —0.14* 7.7 6.8 -0.12 7.9 0.04
England & Wales  126.3 105.7 —0.17%* 90.4 —(.33%:%*
Georgia 73.5 108.2 0.39%%:* 97.6 0.28%#:* 32.9 73.4 0.78%%#* 64.7 0.67%%*:*
Kazakhstan 779 108.0 0.32 105.7  0.3%** 16.9 46.7 1.1k 30.0 0.56%*:*
Northern Ireland 241.5 284.9 0.17%* 2849  0.17* 39.6 22.2 —0.58**%*  2].1 —0.63%**
Scotland 131.3 101.8 —0.25%*%% 98,6 —0.27%%*
Slovenia 57.5 38.3 —0.39%*%* 314 —0.61%*%* 253 129 —0.64%** 11.5 —0.79%:**
Ukraine 17.4 23.5 0.3]%%** 64.6 1.31%%:* 12.6 20.6 0.47%%:* 38.5 1.12%%*
USA 167.0 164.9 -0.01 148.6  —0.12%**
Country Cardiovascular disease Cancer

2015-2019 2020 2021 2015-2019 2020 2021

Mean Mean Coef. Mean  Coef. Mean Mean Coef. Mean Coef.
Australia 61.6 53.7 —0.14%*%* 536 —0.14%3%:* 187.6 189.8  0.01* 189.9  0.01*
Austria 379.8 371.8 -0.2 3489  —(.8%** 232.0 238.5  0.03%* 230.1 —0.08
Brazil 169.3 168.1 -0.01 172.0  0.02 104.2 107.0  0.03%** 1054  0.01**
Cyprus 220.8 210.8 -0.05 2035 -0.08 161.5 1723  0.06* 175.0  0.07*
Georgia 5334 593.0 0.99%: 583.7  0.10%:** 181.8 2122 0.15%:#* 195.0  0.07#:**
Northern Ireland 195.5 193.7 —-0.01 190.2 -0.03 2394 2409  0.01 2422 0.01
Scotland 299.0 301.7 0.01 303.0 0.01
Slovenia 37175 3714 —0.02 3533 -0.07 300.9 307.3  0.02 2922 -0.03
Ukraine 1228.0 1797.2  0.40%** 1934  —1.85%*: 178.2 1746  -0.01 174.1 -0.02
USA 239.7 259.4 0.08%3#:* 2544 0.06%**

p<0.001%%% p<0.01** p<0.05%

presented in supplementary Tables S5-S7. Supplemen-
tary Figures S8-S10 display cumulative excess mortality
(except cancer) for the same years.

3.3.1 Respiratory Disease

In 2020 and 2021, Northern Ireland, Kazakhstan and
Ukraine experienced significant excess cumulative respira-
tory mortality, while Australia, Austria, Brazil, England
and Wales, Scotland and Slovenia demonstrated significant
decreases. In 2021, Cyprus, Georgia and the USA experi-
enced significant decreases in respiratory mortality, while
no significant changes were observed in 2020.

@ Springer

3.3.2 Pneumonia

Kazakhstan and Ukraine presented significant excess pneu-
monia mortality, while Australia, Austria, Brazil, and North-
ern Ireland presented significant decreases in both years.
Georgia experienced excess pneumonia mortality, whereas
Cyprus and Slovenia experienced significant decreases only
in 2020, with no significant changes in 2021.

3.3.3 Cardiovascular Disease
In 2020, Austria, Cyprus, Georgia, and Northern Ireland

experienced excess CVD mortality. In 2021, Australia,
Austria, Cyprus, and Northern Ireland also experienced
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Fig. 1 Weekly z-score of mortality rates from respiratory disease for the total population in 2020 and 2021 in 12 countries of the C-MOR con-
sortium. Complete figures of Kazakhstan and Ukraine are presented in supplementary figures S5 and S6
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complete figure of Kazakhstan is presented in supplementary figure S7
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Fig.3 Weekly z-score of mortality rates from cardiovascular disease for the total population in 2020 and 2021 in 9 countries of the C-MOR con-

sortium

excess CVD mortality. Ukraine experienced a significant
decrease in cumulative CVD mortality, in both years,
while no significant changes were presented in Brazil and
Slovenia.

3.3.4 Cancer

Supplementary Table S8 displays cumulative crude can-
cer mortality in 2020 and 2021 compared to 2015-2019.
Australia, Brazil, Cyprus, Georgia, Northern Ireland,
and Scotland, demonstrated increased cancer mortality
in both years, compared to 2015-2019. Austria and Slo-
venia demonstrated increased cancer mortality in 2020
and decreased cancer mortality in 2021, while Ukraine
experienced decreases in both years compared to base-
line. Supplementary Figure S11 presents the joinpoint
regression results. Brazil experienced significant increases
(+0.51%) in trimesters 1-19 (01/2015-09/2019) while
significant decreases (— 0.44%) were demonstrated in
trimesters 19-28 (09/2019-12/2021). Georgia presented
significant increases (+ 1.31%) throughout trimesters 1-23
(01/2015-09/2020), whereas significant decreases were
noticed in trimesters 23-28 (09/2020-12/2021) (—2.39%).
Cyprus demonstrated significant increases (+0.5%)
throughout all trimesters, while the other countries did
not exhibit significant changes.
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3.4 Pandemic-Related Associations of Excess
Mortality

Summary statistics of pandemic-related variables by coun-
try are detailed in supplementary Table S9. Results from
the pandemic-related associations of excess mortality are
presented in Table 2.

3.4.1 Respiratory Disease

In the 2020 model, weekly incidence of reported COVID-
19 cases was negatively associated with excess respiratory
disease mortality z-scores, while stringency of control
measures showed no independent association. In the 2021
model, weekly incidence of reported COVID-19 cases was
positively associated with excess respiratory mortality, while
stringency of control measures had a negative association.
The number of people fully vaccinated was independently,
positively associated with excess respiratory mortality.

3.4.2 Pneumonia

In the 2020 model, no significant associations were reported
for weekly incidence of COVID-19 and stringency of con-
trol measures with excess pneumonia mortality. How-
ever, a negative association was observed for the interac-
tion between these variables. In the 2021 model, weekly
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Table 2 Multilevel model results on the ability of pandemic related variables to predict excess mortality rates for respiratory disease (in 12 coun-
tries), pneumonia, cardiovascular disease and cancer (in 9 countries) during 2020 and 2021

Predictors Respiratory disease Pneumonia
2020 2021 2020 2021
Estimates  CI Estimates  CI Estimates  CI Estimates  CI
Weekly incidence —0.74***  —1.00to —0.49 0.28%* 0.05 to 0.50 -0.11 —-041t00.20 —0.69%* —-1.20to —-0.17
of COVID-19
(3-week lag)
Stringency of 0.04 -0.12t00.20 —0.56*** —0.77to —0.36 —0.15 —-033t00.03 -0.03 —0.30t0 0.24
control meas-
ures (3-week
lag)
Number of fully 0.417%%* 0.19 to 0.63 0.19 —0.11 t0 0.49
vaccinated per
100 population
(2-week lag)
Random effects 2020 2021 2020 2021
ICC 0.45 0.75 0.35 0.60
Observations 511 585 388 452
Marginal R? / 0.087/0.502 0.070/0.764 0.063/0.389 0.078/0.630
conditional R?
Predictors CVD Cancer
2020 2021 2020 2021
Estimates CI Estimates CI
Weekly incidence 0.19 —-0.01t00.39  0.13** 0.00 to 0.25 —2.83%%* —4.61to—-1.06 —1.65 —3.96 to 0.67
of COVID-19
(3-week lag)
Stringency of —0.10 —0.24t00.04 —0.29%*% —0.39t0—0.19 1.49%%* 0.44 to 2.54 —1.83%* —2.97 to - 0.69
control meas-
ures (3-week
lag)
Number of fully 0.10 —0.01to 0.21 1.40%* 0.16 to 2.64
vaccinated per
100 population
(2-week lag)
Random effects 2020 2021 2020 2021
ICC 0.39 0.87 0.23 0.13
Observations 393 459 320 410
Marginal R? / 0.021/0.404 0.026/0.877 0.072/0.282 0.089/0.206

conditional R?

Excess mortality rate z-scores were used for all causes, except for cancer where the percent change of 2020 or 2021 observed compared to 2015—
2019 observed mortality rate was used. Participating countries: Australia, Austria, Brazil, Cyprus, Georgia, England and Wales (for respiratory
disease only), Kazakhstan (for respiratory and pneumonia), Northern Ireland, Scotland (for respiratory disease and cancer), Slovenia, Ukraine.
Interaction terms were included in the models only when they improved model fit. A significant association was found between the interaction
of stringency and weekly incidence of COVID-19 with pneumonia mortality (2020; —0.42*%*, 2021; 1.02**%*), and with CVD mortality (2020;
—0.38%%)

CI confidence intervals, ICC intra-class correlation, CVD cardiovascular disease

p<0.001%%% p<0.01**, p<0.05%

incidence of COVID-19 cases was independently, nega-
tively associated with excess pneumonia mortality. There
were no significant associations between stringency of

control measures, fully vaccinated individuals, and excess
pneumonia mortality; however, a significant interaction was

@ Springer
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observed between weekly COVID-19 incidence and control
measure stringency.

3.4.3 Cardiovascular Disease

In 2020, we did not observe any significant independent
associations were observed for CVD mortality and the
included variables, however, we found a negative association
between COVID-19 incidence and CVD mortality through
interaction with stringency of control measures. In 2021, we
observed a positive association between weekly COVID-19
incidence and CVD mortality, whereas stringency of control
measures negatively affected CVD mortality. No associa-
tions were found between fully vaccinated individuals and
CVD mortality independently, or through interaction with
weekly COVID-19 incidence.

3.4.4 Cancer

In 2020, we observed a significant negative association
between weekly COVID-19 incidence and cancer mortal-
ity, while stringency of control measures showed a positive
association with cancer mortality. In 2021, we found that
stringency of control measures was negatively associated
with cancer mortality, while a positive association was found
between fully vaccinated individuals and cancer mortality.

4 Discussion

Most countries revealed decreased cumulative mortality
from respiratory disease and pneumonia, and excess cumu-
lative mortality from CVD in 2020 and/or 2021. Our study
also revealed distinct associations between excess mortality
and COVID-19 incidence across time periods and different
causes. Notably, stringent control measures were negatively
associated with excess mortality from respiratory disease,
CVD and cancer in 2021.

All countries analyzed reported decreased cumulative
respiratory and pneumonia mortality, except for Georgia,
Northern Ireland, Kazakhstan, and Ukraine, which exhib-
ited excess respiratory and/or pneumonia mortality. Previous
research has shown reduced non-COVID respiratory deaths
[15] and declines in weekly pneumonia hospital admissions
during the pandemic [16]. The decline in respiratory and
pneumonia mortality in most countries may be attributed
to the successful public health measures implemented to
mitigate COVID-19 transmission, resulting also in reduc-
tions in common respiratory infections [17]. Contrarily,
the surge in respiratory and pneumonia mortality observed
in Kazakhstan and Ukraine could be explained by limited
awareness and overwhelmed healthcare systems resulting
in instances where patients passed away before receiving a

@ Springer

formal COVID-19 diagnosis, leading to their classification
as respiratory-related deaths [18, 19].

In line with the latter explanation, our study supports that
mortality rates are influenced by the development level of
each country. Specifically, upper- and lower-middle-income
countries presented excess mortality from respiratory dis-
ease and pneumonia, whereas high-income countries pre-
sented decreased mortality from these causes. This suggests
that higher-income countries had greater resourcefulness in
their healthcare systems, exhibited better control of COVID-
19 and other infections, and maintained accurate cause-of-
death reporting, despite overwhelmed systems. Hence, the
variation in respiratory mortality among countries is at
least partly attributed to socioeconomic factors, mediated
by healthcare access and quality disparities, as noted in other
all-cause mortality studies [20].

Our findings of excess cumulative mortality from CVD,
in 2020 and/or 2021, in all countries except Ukraine also
align with previous research [21-23]. Reduced hospital
admissions for myocardial infraction [24] and fewer pre-
scriptions of life-saving cardiovascular medications [25]
may indirectly contribute to excess CVD mortality. Pre-pan-
demic research also links social isolation, loneliness [26],
and reduced daily activity to increased CVD risk. Lockdown
measures inadvertently exacerbated these factors, underscor-
ing the need for careful lockdown protocol decisions. On
the other hand, Ukraine experienced decreased CVD, pos-
sibly because many COVID-19 patients with pre-existing
CVD which increased their mortality risk were possibly
documented as COVID-19 or respiratory deaths rather than
CVD deaths [27].

Cyprus exhibited significant increases in cancer mortality
percent change throughout all trimesters between 2015 and
2021. Contrarily, Brazil and Georgia presented decreases
in all trimesters in 2020 and 2021, despite experiencing
increases in cancer mortality in the previous trimesters.
Limited research has explored cancer mortality during the
COVID-19 pandemic. Previous research also demonstrated
a decline in cancer mortality in Brazil during the pandemic
compared to expected levels, however these findings did not
reach statistical significance [27], while studies on disrup-
tions in cancer care during this time predict a substantial
increase in excess cancer mortality [28]. It is notable that
countries experiencing reduced cancer mortality rates during
2020 and 2021 fall within the upper-middle income level.
One plausible explanation for this trend could be potential
inaccuracies in cause of death reporting during the pandemic
years due to the stress of healthcare systems.

Surprisingly, in 2020, weekly reported COVID-19
cases were negatively associated with excess mortality
from respiratory disease and cancer. In 2021, the same
trend extended to pneumonia mortality. This is likely
mediated by stringent mitigation measures in areas with
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high COVID-19 transmission, also reducing the spread of
other respiratory infections, which could have indirectly
mitigated cancer mortality as well [29]. In 2021, as many
countries eased control measures, weekly incidence of
COVID-19 was positively associated with respiratory dis-
ease, and CVD mortality, aligning with previous findings
[30]. Additionally, we found that more stringent govern-
ment measures had a protective effect on CVD mortality.
Altogether, while COVID-19 incidence was positively
associated with CVD deaths, CVD mortality was lower
with stringent public health policies during 2021.

During 2020, a positive association was observed only
between control measure stringency and cancer mortal-
ity. One explanation for this is that higher cancer mor-
tality often correlates with older populations, prompt-
ing stricter control measures. Contrarily, the beneficial
effect towards mortality from respiratory disease, CVD,
and cancer, during 2021, endorses the effectiveness of
control measures in mitigating excess mortality dur-
ing the pandemic. Moreover, our findings are consist-
ent with previous research, demonstrating that control
measure stringency is associated with reduced all-cause
excess mortality [10]. Stringency of control measures also
decreased excess pneumonia and CVD mortality during
2020, through interaction with weekly reported COVID-
19 cases; higher stringency measures in countries and
weeks led to lower excess mortality compared to those
with less stringent measures. However, during 2021, this
interaction was associated with excess pneumonia, war-
ranting further research to explore this.

This study also revealed a positive association between
the percentage of fully vaccinated individuals and
increased respiratory and cancer mortality. This is likely
attributed to several factors, including prioritizing older
and vulnerable populations in vaccine distribution. Addi-
tionally, the variability of the development level of par-
ticipating countries could contribute to this; high-income
countries tended to have greater vaccine access, encom-
passing larger proportions of older and at-risk popula-
tions. Conversely, lower- and middle-income countries
experienced delays in achieving sufficient vaccination
coverage compared to high-income countries. Therefore,
substantial benefits may not have been reflected during
2021 [31].

Our results highlight the importance of effective and
tailored public health interventions to mitigate pandemic-
related mortality. Nevertheless, further research is war-
ranted to fully grasp the intricate relationship between
pandemic factors and mortality outcomes in each coun-
try’s context. More comprehensive risk—benefit analy-
ses of public health interventions appear to be critical
research areas for enhancing preparedness and response
to future crises.

4.1 Strengths and Limitations

This study is the first to analyse cause-specific excess mor-
tality across multiple countries using national data sources
for mortality. The method for estimating expected mortal-
ity demonstrated high accuracy compared to other meth-
ods, making it a reliable tool for estimating excess mortal-
ity [32]. Furthermore, by considering potential reporting
delays, this study accurately represents each country’s
mortality experience during 2020 and 2021. Lastly, this
study is one of the few to investigate the impact of control
measures on cause-specific mortality.

Our study, however, is not without limitations. As a
country-level analysis, our findings indicate strong asso-
ciations but not causation, necessitating further confirma-
tion from larger cohorts and quasi-experimental designs.
One significant constraint is the poor fit of cancer data
in our model, preventing a comprehensive comparison
of observed and expected mortality rates for this cause.
Consequently, cancer results should be interpreted cau-
tiously. Furthermore, the limited availability of accurate
cause-specific mortality information worldwide, impedes
the inclusion of more countries. Additionally, age-specific
death rates were unavailable, preventing direct compari-
sons between countries. It is also worth noting that, while
the World Health Organization’s ICD-10 codes provide a
standardized system for cause-of-death recording, report-
ing practices differ significantly among countries. These
discrepancies may stem from variations in how deaths are
handled when multiple causes are involved or where medi-
cal information is limited, potentially leading to under- or
over-reporting of deaths. Finally, the uncertainty around
cause-of-death coding may be amplified in low- and mid-
dle-income countries due to limited healthcare infrastruc-
ture and less comprehensiveness of cause-of-death data in
these regions [33].

5 Conclusions

Our study across 12 countries and territories revealed sig-
nificant declines in cumulative mortality rates from respira-
tory disease and pneumonia, along with excess cumulative
mortality from CVD in most participating countries during
2020 and 2021. Our findings also support that public health
interventions, such as stringency of control measures, miti-
gated the pandemic’s impact in terms of mortality from dif-
ferent causes.
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