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Abstract

Background: The COVID-19 pandemic has caused increased mortality worldwide. We noticed a tendency for higher
number of deaths in Eastern European countries. Therefore, we decided to investigate whether any common factor
that might be responsible for the increased COVID-19 mortality exists.

Methods: In our cross-sectional study, we conducted the correlation and multiple regression analysis using R basing
on the data gathered in publicly available databases. In the analysis, we included variables such as: number of deaths,
number of new cases, number of hospitalizations, number of ICU (intensive care units) patients, number of vaccina-
tions, number of boosters, number of fully vaccinated individuals, stringency index, number of reported COVID-19
variant cases, and number of flights. Additionally, we analyzed the influence of population density and median age

in particular European countries on total number of COVID-19 deaths. Analyzed data represents periods from start of
the COVID-19 pandemic in particular Eastern European Countries: Bulgaria, Croatia, Czech Republic, Hungary, Latvia,
Lithuania, Poland, Romania, Slovakia and Slovenia, while as the end of the study the day of January 31, 2022 is consid-
ered. Results were considered statistically significant at p <0.05.

Results: Our study showed that mortality rate reflects the number of COVID-19 cases (e.g. for Poland was 0.0058,
p<0.001), number of hospitalized patients (e.g. for Poland 0.0116, p<0.001), and patients in intensive care (e.g. for Slo-
vakia 0.2326, p <0.001). Stringency index corresponding to level of introduced restrictions and vaccination can affect
the mortality rate of COVID-19 in a country-dependent manner: e.g. for Romania 0.0006, p < 0.001; whereas in Lithu-
ania — 0.0002, p<0.001. Moreover, occurrence of B.1.1.7 and B.1.617.2 variants increased COVID-19 mortality rates.

Conclusion: Our analysis showed that crucial factor for decreasing mortality is proper healthcare joined by accurate
restriction policy. Additionally, our study shows that COVID-19 vaccination proven successful in COVID-19 mortality
prevention.
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Background and in 2020 shows that in 2020 716 616 more deaths

COVID-19 (coronavirus disease 2019) pandemic has
impacted healthcare, governments, financial as well
as cultural areas all over the world [1]. The analysis of
mortality in 22 countries between 2015 and 2019 years
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were notated compared to previous 5 years, from which
around 64.5% of deaths were attributed to COVID-19
[2]. Moreover, in the U.S. in period from March 2020 to
October 2020 COVID-19 was the second cause of death
after heart diseases in people over the age of 85 years,
whereas among people aged between 45 and 84 years
COVID-19 was the third cause of death [3]. In addi-
tion, COVID-19 is usually asymptomatic or causes poor
symptoms in children and people younger than 18 years,
there is a low rate of death among children and people
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younger than 18 years due to COVID-19 worldwide [4].
Analysis carried out in England showed that among 61
deceased children and people younger than 18 years with
positive SARS-CoV-2 (severe acute respiratory syndrome
coronavirus 2) test, 25 died due to COVID-19 in period
between March 2020 and February 2021 [4]. Moreover,
there are the spatial differences in excess mortality of
COVID-19. For example, the study carried out in Italy
showed presence of the areas in which higher mortal-
ity among men above 75 years old during first pandemic
wave and, simultaneously, the lower mortality during the
second pandemic wave had been reported. On the other
hand, there were areas, in which were lower COVID-19
deaths during first pandemic wave and higher mortality
during the second pandemic wave [5]. Interestingly, the
cross-section study that analyzed mortality data from 67
countries showed the differences between excess mortal-
ity COVID-19 data and COVID-19 confirmed mortality
data in some countries [6]. Similarly, COVID-19 deaths
and percentage of excess mortality of COVID-19 were
varied by provinces in Canada, which can be result in
different responses pandemic in different provinces as
well as different data reporting systems [7]. Moreover,
large systematic analysis of COVID-19 deaths from 74
countries and 266 subnational locations showed the dif-
ferences between estimated and reported COVID-19
mortality at more than 3 times. Among analyzed coun-
tries in our study, the highest differences was reported in
Latvia and Lithuania (2.72 and 2.7 times, respectively);
while the lowest differences were in Slovakia and Slove-
nia (1.53 and 1.25, respectively) [8]. According to WHO
(World Health Organization) Coronavirus (COVID-19)
Dashboard [9], from the beginning of the pandemic until
July 28, 2022, approximately 6.4 million deaths have been
reported. Of these deaths, more than 2 million are con-
firmed in Europe.

We noticed that among the economically moder-
ately developed countries in Europe there are countries
with a very high rate of death due to COVID-19. There-
fore, in our cross-sectional study, we decided to investi-
gate whether there are common factors that influenced
increased COVID-19-related mortality rate between ten
selected Eastern European countries characterized by
similar level of economic development according to GDP
(Gross Domestic Product) per capita values such as Bul-
garia, Croatia, Czech Republic, Hungary, Latvia, Lithu-
ania, Poland, Romania, Slovakia and Slovenia.

Methods

Data search and extraction

The first step of our cross-sectional study was selection
of ten Eastern European countries for analysis. There-
fore, we calculated the numbers of total deaths related to
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COVID-19 per million, which was calculated using num-
bers of total deaths from WHO Coronavirus (COVID-19)
Dashboard [9] and numbers of population from Worl-
dometer [10] as of February 1, 2022. We selected ten
European countries with similar economic development
and the highest numbers of deaths due to COVID-19:
Bulgaria, Croatia, Czech Republic, Hungary, Latvia, Lith-
uania, Poland, Romania, Slovakia and Slovenia. Next, for
our analysis we used data obtained from databases, such
as Our World in data [11] and European Centre for Dis-
ease Prevention and Control [12] in period from the start
of COVID-19 pandemic and before January 31, 2022. We
extracted data, such as:

+ new deaths per million that means daily numbers of
deaths due to COVID-19 per million people,

+ new cases per million that means daily numbers of
cases due to COVID-19 per million people,

+ hospitalization per million that means daily numbers
of hospitalization patients with COVID-19 per mil-
lion people,

+ ICU patients per million that means daily numbers of
patients with COVID-19 in intensive care units per
million people,

» new vaccinations smoothed per million that means
daily numbers of COVID-19 vaccinations per million
people with 7 days smoothed,

« total boosters per hundred that means total numbers
of COVID-19 boosters per hundred people,

+ people fully vaccinated per hundred that means total
numbers of people with all doses of COVID-19 vac-
cines,

+ stringency index that means government response
stringency index in scale between 0 and 100,

« numbers of COVID-19 cases with popular SARS-
CoV-2 variants: B.1.1.7, B.1.351, B.1.651.2 and
B.1.1.529.

Additionally, we extracted data about numbers of
flights from Eurocontrol [13].

Outcomes

The primary outcome of this study was to determine the
correlation between COVID-19-related mortality — the
dependent variable, and number of independent vari-
ables using multivariable regression analysis. Following
independent variables were selected: new cases per mil-
lion, hospitalization per million, ICU (intensive care
units) patients per million, new vaccinations smoothed
per million, total boosters per hundred, people fully vac-
cinated per hundred, stringency index and numbers of
flights. The secondary outcome was dependence between
numbers of infected cases with different SARS-CoV-2
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variants: B.1.1.7, B.1.351, B.1.651.2 and B.1.1.529 and
value of COVID-19 mortality. Additionally, we ana-
lyzed the influence of population density and median
age in particular European countries on total number of
COVID-19 deaths in period from beginning of COVID-
19 pandemic and as of January 31, 2022.

Statistical analysis

For primary outcome, we prepared correlation and mul-
tivariable regression analysis for each of selected Euro-
pean countries using raw data as numbers per million or
per hundred, except variables such as stringency index
and number of flights. For secondary outcome, we used
raw data of weekly numbers of cases with SARS-CoV-2
variants that was calculated per million. Moreover, we
used total numbers of COVID-19 deaths per million and
population density and median age. We considered 0 as
missing data. In multivariable regression analysis, we
removed independent variables that were not statisti-
cally significant until all independent variables were sta-
tistically significant. The statistical analysis was prepared
using R version 4.0.5. Results were considered statisti-
cally significant at p <0.05.

Results

The possible rationale behind the higher mortality due

to COVID-19

We selected ten countries with similar economic devel-
opment in the European Union with greater numbers
of deaths due to COVID-19: Bulgaria, Croatia, Czech
Republic, Hungary, Latvia, Lithuania, Poland, Romania,
Slovakia and Slovenia. Figure 1A-] shows weekly num-
bers of COVID-19 deaths in selected countries from
beginning of COVID-19 pandemic and before January
31, 2022. There were two peaks of COVID-19 mortal-
ity: between 41st week of 2020 and 21st week of 2021,
as well as between 36 week of 2021 and 2 week of 2022.
Moreover, Fig. 2 shows that among selected countries
Bulgaria and Hungary had the highest rate of COVID-19
mortality.

At first, to analyze the reasons of higher mortality in
selected countries, we prepared correlation analysis to
check the correlation between independent and depend-
ent variables (Fig. 3A-J). As dependent variable daily
numbers of deaths per million was used. We prepared
two analyses on data from Bulgaria, Czech Republic, Slo-
vakia and Slovenia, because of high correlation between
variables, such as number of hospitalized patients per
million and patients in ICU per million, as well as on data
from Hungary, because of high correlation between strin-
gency index and numbers of flights. Our regression anal-
ysis shows (Table 1), that daily number of cases, number
of hospitalizations and patients in ICU correlated with
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increased number of deaths due to COVID-19. On the
other hand, vaccinations, booster vaccinations and num-
bers of fully vaccinated people decreased mortality rate.
However, in some countries for example in Bulgaria,
Latvia, Lithuania, Romania numbers of fully vaccinated
people increased the mortality rate, whereas in Hun-
gary, Slovakia and Romania number of vaccinations and
boosters also increased the mortality of COVID-19.
Interestingly, stringency index decreased the COVID-19
deaths in Romania, whereas increased in Bulgaria, Czech
Republic, Hungary, Lithuania, Poland and Slovakia. The
numbers of flights also increased the COVID-19 mortal-
ity in Lithuania and Slovenia.

The influence of SARS-CoV-2 variants on COVID-19
mortality

We checked, if selected SARS-CoV-2 variants affected
on mortality caused by COVID-19, but only on 9 coun-
tries, because of missing data from Hungary. Correla-
tion analysis showed that there were weak correlations
between popular SARS-CoV-2 variants, such as B.1.1.7,
B.1.351, B.1.617.2 and B.1.1.529, and COVID-19 mortal-
ity (Fig. 4A-I). However, we observed the positive inter-
dependence between number of patients with B.1.1.7 and
B.1.617.2 variants and growth of mortality rate caused by
COVID-19 (Fig. 5A-1).

The influence of population density and median age

on COVID-19 mortality

Additionally, we checked the effect of population den-
sity and median age on numbers of deaths caused by
COVID-19. We didn’t observe the dependence between
population density (Fig. 6A) and median age (Fig. 6B) and
COVID-19 mortality rate.

Discussion

In our cross-sectional study, we analyzed the potential
reasons of the greater mortality rate caused by COVID-
19 in selected Eastern European countries: Bulgaria,
Croatia, Czech Republic, Hungary, Latvia, Lithuania,
Poland, Romania, Slovakia and Slovenia. Our multivari-
able regression analysis showed that numbers of COVID-
19 cases, numbers of hospitalization patients as well as
patients in ICU influenced on the increase of COVID-19
mortality. Despite the fact that we detected weak corre-
lation between B.1.1.7, B.1.351, B.1.617.2 and B.1.1.529
SARS-CoV-2 variants and COVID-19 morality, we
observed the tendency with B.1.1.7 and B.1.617.2 vari-
ances and deaths due to COVID-19. Up to date, multi-
ple variants of SARS-CoV-2 have been detected. B.1.1.7,
B.1.351, B.1.617.2 and B.1.1.529 variants are considered
more dangerous in terms of severity than wild-type virus,
whereas B.1.351 and B.1.617.2 tend to give more severe
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Fig. 1 Weekly deaths per million related to COVID-19 in selected ten European countries
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symptoms of all COVID-19 variants [14]. According to
other studies, prevalence of particular COVID-19 vari-
ants affects mortality rates of the virus [15, 16].

In order to limit spread of COVID-19 pandemic,
numerous countries decided to implement number of

preventive measures such as mandatory mask wearing,
social distancing, travel restrictions, remote working. All
of above measures potently restricted spread of corona-
virus in the long run, when introduced simultaneously
[17]. These restrictions, were accompanied by spreading
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awareness about relevance of proper hygiene, such as
hand washing. Due to the fact numerous hand washing
and sanitizing facilities were publicly dispensed. Moreo-
ver, governments encouraged sanitizing of publicly avail-
able areas such as public transport vehicles or classrooms.
Although arousing many controversies, and leading to
potential economic losses lockdowns were introduced
in many countries [18]. However, our analysis showed
that stringency index, which means scaled response
of government, can decrease the COVID-19 mortality
rate only in Romania, whereas can increase in Bulgaria,
Czech Republic, Hungary, Lithuania, Poland and Slova-
kia. These positive correlations can be explained by fact,
that COVID-19 restrictions were introduced in the same
period of time as number of COVID-19 cases increased,
which in turn is reflected by COVID-19 deaths. Megar-
bane et al. [19] in their study basing on data published
by WHO assumed that early introduction of lockdown
potently hampered spread of the virus as well as possibly
shortened the pandemic. They propose, that lockdowns
should be considered as a standard counter-measure to
future epidemics as well. Moreover, another study con-
ducted on COVID-19 mortality data pointed out that
COVID-19-related mortality rates values varied among

40 investigated European countries. The study suggested
that the crucial factor affecting the number of deceased
from COVID-19 was the time required for governments
to ban public events [20].

Bhowmik et al. [21] in their study reported that
COVID-19 transmission strongly related on mobility of
subjects measured by daily exposure and percentage of
people staying at home. Another study, concluded that
due to mobility reduction in the analyzed regions of Italy,
approximately 4793 deaths were avoided in given period
of time [22]. In our analysis, we decided to check the
influence of mobility, represented by number of flights,
as these may be easier monitored and reported than
mobility of particular individuals, on COVID-19-related
mortality. Our results, are partially in line with described
data described in aforementioned studies as for Lithu-
ania, Slovakia and Slovenia, we observe a statistically sig-
nificant trend, that increased mobility is correlated with
higher COVID-19 death-count.

As the vaccination was the most promising anti-
COVID-19-related mortality measure, the big portion of
world attention was paid to the topic. According to the
numerous studies the vaccination rate vastly affects mor-
tality rates in COVID-19 patients. Interestingly, in our
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study as numbers of distributed vaccine doses, booster
vaccine doses as well as count of fully vaccinated people
rose, mortality of COVID-19 decrease. However, in some
countries we got the opposite results: in Bulgaria, Latvia,
Lithuania, Romania numbers of fully vaccinated people
positively correlated with mortality rate, whereas in Hun-
gary, Romania and Slovakia numbers of vaccine doses
and boosters also increased the mortality of COVID-19.
We observed that in Bulgaria and Romania the COVID-
19 death tide during the Autumn of 2021 was stronger
than before, even though the number of fully vaccinated
people was also increasing. In addition, Bulgaria has
a low percentage of fully vaccinated people. Accord-
ing to COVID-19 Vaccine Tracker [23] from European
Centre for Disease Prevention and Control only 29.9%
of population was fully vaccinated on day July 21, 2022.
Moreover, we observed a trend that the daily number of
vaccinations per million coincided with the number of
daily deaths per million in Romania, Hungary and Slova-
kia. According to the study by Walkowiak et al. [24], in
most EU countries vaccination rate reaches 75%, except
Eastern Bloc countries. In case of Eastern Bloc, the value
is much lower, whereas the least can be observed in Bul-
garia and Romania. By comparative analysis of vaccina-
tion policy in Poland and Lithuania, authors assumed
that introduction of vaccine certificates, and exten-
sive restrictions for unvaccinated citizens successfully
increased the vaccination rate in Lithuania. Besides the
vaccination policy, proper health-related education seem
to be relevant in terms of vaccination ratio, as people not
educated in medical sciences tended to be less likely to
be vaccinated than people with a medical background.
Additionally, an important factor related to lower vac-
cination rate in at least some of Eastern European coun-
tries might be related with relatively high percent of
citizens living in secluded communities such as Roma
community. Even before the COVID-19 pandemic, Roma
community members strayed from vaccine administra-
tion as they had impaired access to the healthcare. The
issue was extensively investigated by Sandor et al. [25], as
they investigated the vaccination ratio among members
of secluded communities in Hungary. As people living in
these segregated colonies tend to avoid vaccination, the
authors highlight urgent need to change governmental
vaccination policies in order to persuade their citizens to
be vaccinated in order to decrease the COVID-19-related
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mortality among them. Nevertheless, the main meas-
ure that changed COVID-19 pandemic was vaccination,
which prevented deaths of millions people. Based on
reported COVID-19 deaths, global analysis estimated
that first year of COVID-19 vaccination prevented about
14.4 million of COVID-19 deaths, whereas according to
excess mortality data, vaccination prevented 19.8 million
of deaths [26].

Another determinant of COVID-19 infection spread
is density of population. However, we didn't observe the
dependence between population density and mortal-
ity caused by COVID-19. Study conducted in the U.S.
showed that at the beginning of COVID-19 pandemics,
density of population in particular counties was a major
factor for the viral infectivity [27]. Of note, that more
urbanized areas, characterized by lower percent of green
space tend to be characterized by increased infectivity
[28]. Nonetheless, density alone seem not to be a crucial
factor as some studies point out that increased mortality
does not affect countries with better socioeconomic con-
ditions, as it does in case of poorer countries [29]. These
observation may be crucial for our analysis as in analyzed
countries the socioeconomical level is significantly lower
than in e.g. Western Europe. Similarly, we didn’t observe
the interaction between median age and COVID-19 mor-
tality rate in analyzed countries, in which median age
ranged between 41 and 45 years. COVID-19 mortality
depends on age was exponentially increased with higher
age in 2020 [30]. However, the analysis from U.S. showed
that COVID-19 mortality decreased by a higher percent-
age at older ages than at younger ages in period from July
2021 to October 2021 [31].

Higher COVID-19 mortality in Central and Eastern
European countries compared to Western Europe might
be also caused by the overall healthcare quality. Accord-
ing to the data published by Eurostat, Central/Eastern
European countries tend to spend less percent of their
budgets on healthcare compared to Western countries
[32]. Moreover, many of those countries had to deal
with multiple reforms of the healthcare system after fall
of USSR (Union of Soviet Socialist Republics), which for
economically weaker countries might be a problem up to
these days [33].

Unfortunately, our study has several limitations. At
first, not all of the data in the databases was complete,
which may have affected the results of our analysis. The

(See figure on next page.)

Fig. 3 Correlation of number of deaths with analyzed independent variables in selected European countries. A Bulgaria, B Croatia, C Czech
Republic, D Hungary, E Latvia, F Lithuania, G Poland, H Romania, I Slovakia, J Slovenia. DD — new deaths per million; DC — new cases per million; HP
- hospitalization patients per million; ICUP — patients in ICU per million; V — new vaccination smoothed per million; B - total boosters per hundred;
FV — people fully vaccinated per hundred; SI - stringency index; F — number of flights
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Fig. 6 The influence of population density and median age on COVID-19 mortality. A population density, B median age

problem with collecting data on COVID-19 mortality
may be related to the varying definition of COVID-19
caused deaths in different countries. Also, as we men-
tioned earlier, there is a difference between estimated
and reported COVID-19 mortality, which could have fur-
ther influenced our analysis. Among analyzed countries

in our study, the highest differences were found in Lat-
via and Lithuania (2.72 and 2.7 times, respectively); while
the lowest were in Slovakia and Slovenia (1.53 and 1.25,
respectively) [8]. In addition, we performed regression
analysis on the raw data and didn’t include comparisons
by age and gender. Moreover, some data were gathered
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within different time periods, e.g. population density
and median age in particular countries were from 2020,
whereas data about total numbers of COVID-19 death
was from January 31, 2022. Despite the abovementioned limi-
tations to our study, it points out the most important factors
that affected COVID-19 mortality rate in Eastern Europe.

Conclusion

These combined together with worse socioeconomical
status, often impaired healthcare, and less-effective vac-
cination policy among Eastern European countries may
reflect the difference in COVID-19 mortality rates when
compared to the Western Europe. It is vital for Eastern
European governments to spread awareness about sever-
ity of the pandemic, propose more strict vaccination pol-
icy, improve healthcare and focus on proper education
of citizens. Society should learn from the current pan-
demic and draw conclusions in case if another pandemic
appears in the future.

Abbreviations

COVID-19: Coronavirus disease 2019; SARS-CoV-2: Severe acute respiratory
syndrome coronavirus 2; ICU: Intensive care units; WHO: World Health Organi-
zation; USSR: Union of Soviet Socialist Republics.

Acknowledgements
Not applicable.

Authors’ contributions

M.S. searched the literature and databases, prepared the analysis,interpreted
the results, and wrote the manuscript; R.P. supervised the overallstudy, ana-
lyzed the data and critically reviewed the manuscript. All theauthors have read
and approved the final manuscript.

Funding
This work was supported by Grants [503/0-149-03/503-01-001-19-00; 503/0-149-
03/503-01-004 and 503/0-149-03/503-01-005] from Medical University of Lodz.

Availability of data and materials
All data generated or analyzed during this study are included in this published
article.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Received: 4 April 2022 Accepted: 7 November 2022
Published online: 16 November 2022

References

1. HaleT, Angrist N, Hale AJ, Kira B, Majumdar S, Petherick A, et al. Govern-
ment responses and COVID-19 deaths: Global evidence across multiple
pandemic waves. PLoS ONE. 2021,9(7):0253116.

20.

AR

22.

23.

24.

25.

Page 12 of 13

Kung S, Doppen M, Black M, Braithwaite I, Kearns C, Weatherall M, et al.
Underestimation of COVID-19 mortality during the pandemic. ERJ Open
Res. 2021;7(1):00766-2020.

Woolf SH, Chapman DA, Lee JH. COVID-19 as the Leading Cause of Death
in the United States. JAMA. 2021;12(2):123-4.

Smith C, Odd D, Harwood R, Ward J, Linney M, Clark M, et al. Deaths in
children and young people in England after SARS-CoV-2 infection during
the first pandemic year. Nat Med. 2022;28(1):185-92.

Golinelli D, Lenzi J, Adja KYC, Reno C, Sanmarchi F, Fantini MP, et al. Small-
scale spatial analysis shows the specular distribution of excess mortality
between the first and second wave of the COVID-19 pandemic in [taly.
Public Health. 2021 May;194(1):182-4.

Sanmarchi F, Golinelli D, Lenzi J, Esposito F, Capodici A, Reno C, et al.
Exploring the Gap Between Excess Mortality and COVID-19 Deaths in 67
Countries. JAMA Network Open. 2021;4(7):e2117359.

McGrail K. Excess mortality, COVID-19 and health care systems in Canada.
CMAJ. 2022;194(21):E741-5.

Estimating excess mortality. due to the COVID-19 pandemic: a
systematic analysis of COVID-19-related mortality, 2020-21. Lancet.
2022;16(10334):1513-36.

WHO Coronavirus (COVID-19) Dashboard [Internet]. [cited 2022 Jul 29].
Available from: https://covid 19.who.int.

. Worldometer. - real time world statistics [Internet]. Worldometer. [cited

2022 Mar 2]. Available from: http://www.worldometers.info/.

. OurWorld in Data [Internet]. Our World in Data. [cited 2022 Mar 2]. Avail-

able from: https://ourworldindata.org.

. Homepage | European Centre for Disease Prevention and Control [Inter-

net]. [cited 2022 Mar 2]. Available from: https://www.ecdc.europa.eu/en.

. EUROCONTROL | Supporting European Aviation [Internet]. [cited 2022

Mar 4]. Available from: https://www.eurocontrol.int/.

. LinL, LiuY,Tang X, He D.The Disease Severity and Clinical Outcomes of

the SARS-CoV-2 Variants of Concern. Front Public Health. 2021;30(9).

. SeyedAlinaghi S, Mirzapour P, Dadras O, Pashaei Z, Karimi A, Mohs-

seniPour M, et al. Characterization of SARS-CoV-2 different variants and
related morbidity and mortality: a systematic review. Eur J Med Res.
2021,8(26):51.

. Jabtoriska K, Aballéa S, Auquier P, Toumi M. On the association between

SARS-COV-2 variants and COVID-19 mortality during the second wave of
the pandemic in Europe. J Mark Access Health Policy. 2021;9(1):2002008.

. Girum T, Lentiro K, Geremew M, Migora B, Shewamare S, Shimbre MS.

Optimal strategies for COVID-19 prevention from global evidence
achieved through social distancing, stay at home, travel restriction and
lockdown: a systematic review. Arch Public Health. 2021;21:150.

. Onyeaka H, Anumudu CK, Al-Sharify ZT, Egele-Godswill E, Mbaegbu P.

COVID-19 pandemic: A review of the global lockdown and its far-reach-
ing effects. Sci Prog. 2021;104(2):00368504211019854.

. Mégarbane B, Bourasset F, Scherrmann JM. Is Lockdown Effective

in Limiting SARS-CoV-2 Epidemic Progression?—a Cross-Country
Comparative Evaluation Using Epidemiokinetic Tools. J Gen Intern Med.
2021,36(3):746-52.

Fountoulakis KN, Fountoulakis NK, Koupidis SA, Prezerakos PE. Factors
determining different death rates because of the COVID-19 outbreak
among countries. J Public Health (Oxf). 2020 30;fdaa119.
Bhowmik T, Tirtha SD, Iraganaboina NC, Eluru N. A comprehensive analy-
sis of COVID-19 transmission and mortality rates at the county level in the
United States considering socio-demographics, health indicators, mobil-
ity trends and health care infrastructure attributes. PLoS One. 2021;16(4).
Borri N, Drago F, Santantonio C, Sobbrio F. The “Great Lockdown”: Inactive
workers and mortality by Covid-19. Health Econ. 2021;30(10):2367-82.
COVID-19 Vaccine Tracker. | European Centre for Disease Prevention and
Control [Internet]. [cited 2022 Aug 1]. Available from: https://vaccinetra
cker.ecdc.europa.eu/public/extensions/covid-19/vaccine-tracker.html#
uptake-tab.

Walkowiak MP, Walkowiak JB, Walkowiak D. COVID-19 Passport as a Factor
Determining the Success of National Vaccination Campaigns: Does It
Work? The Case of Lithuania vs. Pol Vaccines. 2021;9(12):1498.

Sandor J, Vincze F, Shrikant ML, Kérési L, Ulicska L, Késa K, et al. COVID-19
vaccination coverage in deprived populations living in segregated
colonies: A nationwide cross-sectional study in Hungary. PLoS ONE.
2022,28(2):e0264363.


https://covid19.who.int
http://www.worldometers.info/
https://www.ecdc.europa.eu/en
https://www.eurocontrol.int/
https://vaccinetracker.ecdc.europa.eu/public/extensions/covid-19/vaccine-tracker.html#uptake-tab
https://vaccinetracker.ecdc.europa.eu/public/extensions/covid-19/vaccine-tracker.html#uptake-tab
https://vaccinetracker.ecdc.europa.eu/public/extensions/covid-19/vaccine-tracker.html#uptake-tab

Sobczak and Pawliczak BMC Public Health ~ (2022) 22:2088 Page 13 of 13

26. Watson OJ, Barnsley G, Toor J, Hogan AB, Winskill P, Ghani AC. Global
impact of the first year of COVID-19 vaccination: a mathematical model-
ling study. The Lancet Infectious Diseases [Internet]. 2022 Jun 23 [cited
2022 Jul 281,0(0). Available from: https:.//www.thelancet.com/journals/
laninf/article/PIS1473-3099(22)00320-6/fulltext.

27. Wong DWS, Li Y. Spreading of COVID-19: Density matters. PLoS One.
2020;15(12).

28. CiupaT, Suligowski R. Green-Blue Spaces and Population Density versus
COVID-19 Cases and Deaths in Poland. Int J Environ Res Public Health.
2021;18(12):6636.

29. Cifuentes-Faura J. COVID-19 Mortality Rate and Its Incidence in Latin
America: Dependence on Demographic and Economic Variables. Int J
Environ Res Public Health. 2021;18(13):6900.

30. Bauer P, Brugger J, Konig F, Posch M. An international comparison of age
and sex dependency of COVID-19 deaths in 2020: a descriptive analysis.
SciRep. 2021;27(1):19143.

31. ElolT, Luck A, Stokes AC, Hempstead K, Xie W, Preston SH. Evaluation of
Age Patterns of COVID-19 Mortality by Race and Ethnicity From March
2020 to October 2021 in the US. JAMA Network Open. 2022;5(5).

32. Healthcare expenditure statistics [Internet]. [cited 2022 Aug 1. Available
from: https://ec.europa.eu/eurostat/statistics-explained/index.php?title=
Healthcare_expenditure_statistics.

33. Romaniuk P, Szromek AR. The evolution of the health system outcomes
in Central and Eastern Europe and their association with social, economic
and political factors: an analysis of 25 years of transition. BMC Health Serv
Res. 2016;17(1):95.

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions . BMC



https://www.thelancet.com/journals/laninf/article/PIIS1473-3099(
https://www.thelancet.com/journals/laninf/article/PIIS1473-3099(
https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Healthcare_expenditure_statistics
https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Healthcare_expenditure_statistics

	COVID-19 mortality rate determinants in selected Eastern European countries
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion: 

	Background
	Methods
	Data search and extraction
	Outcomes
	Statistical analysis

	Results
	The possible rationale behind the higher mortality due to COVID-19
	The influence of SARS-CoV-2 variants on COVID-19 mortality
	The influence of population density and median age on COVID-19 mortality

	Discussion
	Conclusion
	Acknowledgements
	References


