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Abstract

Background: Coronavirus disease 2019 (COVID-19) has costed the lives of more than 2 million
people during the first wave of the pandemic with the number of fatalities varying among
different countries. Thus, we aimed to assess the associations of specific demographic, clinical
and political variables with COVID-19 related fatalities in various countries, during the first
three months of the pandemic.

Methods: We analyzed publicly available data from 192 regions (114 countries) and built a log-
linear regression model with random intercepts in order to identify predictors of COVID-19
fatalities during the first three months of the pandemic. We used country-level data including
total population, the percentage of people aged 65 and above, number of ICU beds per 100,000
people, geographical latitude and number of days from the first confirmed COVD-19 case to
establishment of specific preventive control measures as explanatory variables of our statistical
model.

Results: In our multivariate statistical model, one unit increases in the total population (in
10,000,000 units), percentage of population aged 65 and above and the number of days from the
first confirmed COVID-19 case to the imposition of preventive measures, were related to 3.8%
(95% CI: 0.8% to 6.9%), 7.1% (95% CI: 0.9% to 13.6%) and 1.8% (95% CI: 0.3% to 3.6%),
respectively, higher number of COVID-19 related deaths.

Conclusion: Our findings imply positives associations of total population, percentage of
population aged 65 and above and number of days from the first confirmed COVID-19 case to
the imposition of preventive measures with COVID-19 fatal cases, during the first three months
of the pandemic. Future non-ecological studies are warranted to confirm our results.

Keywords: COVID-19; Ecological Study; Prediction Model

Introduction

On 31 December 2019, the World Health Organization (WHO) was informed about a cluster of 27 patients with pneumonia of
unknown etiology, who were identified in Wuhan city, Hubei province of China [1]. The causative agent was identified as a
novel beta-coronavirus on 7 January 2020 by the Chinese authorities and WHO named the disease Coronavirus Disease 2019
(COVID-19) [2,3]. During its first wave, COVID-19, has infected over 100 million people around the globe with more than
2,000,000 deaths with WHO characterizing it as a pandemic on 12 March 2019 [4].
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During the first wave of the pandemic, most of countries all over the world put into effect specific preventive measures in order
to slow and stop the transmission of COVID-19. The preparedness of each country regarding the management of the COVID-19
varied, with some countries having a quicker and more effective response than others [5]. Moreover, with COVID-19 having
been a global public health emergency, over the last 2 years research has focused on various aspects of this novel disease, trying
to provide essential clinical and epidemiological information [6]. The main goal of this information has been to assist clinicians
and public health authorities in the management of this disease. Various organizations, like the John Hopkins Center for Systems
Science and Engineering (CSSE), have also provided open access to country-level data on COVID-19 cases which are updated on
a daily basis [7,8]. The accessibility of this data has given the opportunity to researchers to identify any potential country-level
sociodemographic, health care-associated and environmental parameters that could explain the variation of confirmed COVID-
19 related deaths among countries [9].

Therefore, we conducted an ecological study with publicly available data on COVID-19 cases during the first three months of
the COVID-19 pandemic. The major objective of this study was to access the associations of the percentage of people aged 65 and
above, number of Intensive Care Unit (ICU) beds per 100,000 people, total population, geographical latitude, and number of
days from the first confirmed COVD-19 case to establishment of specific preventive control measures, with the number of
COVID-19 related deaths in various countries, in order to find any significant predictors of COVID-19 related deaths during the
first three months of the pandemic.

Materials and Methods

Data Collection

This was a closed loop, two cycle audit and the population of the study was all the patients in our primary care department in
This was an ecological study of country-level predictors of COVID-19 related deaths. In order to acquire the necessary data for
our analysis we utilized various publicly available data sources. In our statistical model the outcome was number of COVID-19
related deaths in the selected countries after 3 months from the first confirmed COVID-19 case and the corresponding data was
acquired from the COVID-19 data repository of the CSSE, Johns Hopkins University [7]. The explanatory variables of our
statistical model for each country were: total population, the percentage of people aged 65 and above, number of ICU beds per
100,000 people, geographical latitude and number of days from the first confirmed COVD-19 case to establishment of specific
preventive control measures.

More specifically, the total population and the percentage of people aged 65 and above of each country were acquired from the
World Bank data repository which contains data from the 2019 Revision of World Population Prospects, United Nations
Population Division the International Database, U.S. Census Bureau the Statistics and Demography Programme, Secretariat of
the Pacific Community the Demographic Statistics, Eurostat and the census reports and other statistical publications from
national statistical offices [10-14].

Data regarding the number of ICU beds per 100,000 people were obtained from already published articles [15-17]. For countries
where we could not obtain any data on the number of ICU beds per 100,000 people, we used an indirect method of calculating
it. First, we obtained for each country the number of total hospital beds per 100,000 people from the Global Health Observatory
data repository [18]. Second, we calculated the percentage of the number of ICU beds to the number of total hospital beds per
100,000 people, only for the countries, for which we obtained from the research literature a valid number of ICU beds. Then, we
multiplied this percentage with the number of total hospital beds per 100,000 people for each country to calculate an indirect
estimate of ICU beds.

The geographical latitude of each country was reported in angular degrees from 0° at the equator to £90° (90° at the North Pole
and -90° at the South Pole) and was obtained from the COVID-19 data repository of the CSSE, Johns Hopkins University [7]. The
exact date of the first confirmed COVID-19 case of each country was derived from the same database.

Moreover, we complemented our dataset in respect to days from the first reported confirmed COVID-19 case to the initiation of
COVID-19 preventive measures. The specific preventive measures that we took into account were the following: 1) inspection
measures at the entry points of each country, before the report of any COVID-19 cases, for people coming from countries with
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confirmed COVID-19 cases e.g. temperature screening in passengers for inbound flights, with subsequent isolation of confirmed
cases at shelters provided by the government, 2) widespread laboratory testing and rigorous quarantine measures, including the
utilization of high-tech resources to confirm self-quarantine and for contact tracing track, at the first 2 weeks from the first
confirmed COVID-19 case, 3) shutting down of all non-essential places like bars, nightclubs, restaurants, cinemas and coffee
shops, 4) ban on public gatherings of 10 or more people, 5) imposition of curfew on a national or sub-national level. We did not
include the individual closure of educational institutes in our specific preventive safety measures since the number of times
people come into close contact with each other does not significantly change for the majority of population, despite this measure.
Data on the exact dates of implementation in each country of the preventive measures mentioned above were acquired through
reports of governmental departments and news resources.

Finally, for 4 countries, China, U.S., Australia and Germany, data were available on the level of their administrative divisions
(federal states or provinces) and thus these divisions were included with the remaining countries in the analysis. We acquired
the necessary data for each state/province from census reports and statistical publications of national statistical offices [19-21].
Eligibility criteria for a country to be included in our ecological study required the country to have reported: 1) at least 100
confirmed COVID-19 cases, 2) at least 5 COVID-19 related deaths and 3) to have passed at least 90 days from the first COVID-19
case until the analysis of the data. The reasons for the selection of these specific inclusion criteria were to exclude any country
that the spread of COVID-19 was in early stages and also to limit the possibility of including countries with severe underreport
of COVID-19 data. Any country/region with missing data on either the outcome or the explanatory variables were excluded from
the analysis.

Statistical Analysis

We used Pearson correlation coefficients to express the crude correlation among the continuous explanatory variables of our
statistical model. Moreover, built a random-effects log-linear regression model in order to assess the associations between
percentage of people aged 65 and above, number of ICU beds per 100,000 people, total population, geographical latitude, number
of days since the first confirmed COVID-19 case and number of days from the first confirmed COVD-19 case to imposition of
specific preventive control measures, with the number of deaths in various countries. An exponential behavior for the
accumulated reported COVID-19 related deaths is assumed at the onset of the epidemy, and that’s the main reason we selected
log-linear instead of simple linear regression model. Additionally, the number of COVID-19 related deaths in our dataset was
log-normally distributed. The random effects method was selected to account for the observed variability of our outcome among
countries and the random effects were expressed as random intercepts for each country.

We specified the following log-linear regression model with random intercepts:

log(ui) = p0 + B1*(percentage of people aged 65 and above) + 32*(total population) + $3*(number of ICU beds per 100,000 people)
+ 34*(geographical latitude) + 35*(number of days from the first confirmed COVD-19 case to imposition of specific preventive
control measures) + ui, where p ist he geometric mean of our outcome, 3 are the regression coefficients of our explanatory
variables and i (i=1,.....,114) is the index of each country. We built a fully adjusted model that includes all the explanatory
variables and 5 unadjusted models for each of our explanatory variables and the associations with our outcome were reported
as ratios of the number of COVID-19 related deaths per one-unit increase in the explanatory variables, by exponentiations the
calculated regression coefficients.

The regression estimates are reported with their corresponding 95% confidence intervals (95%CI) and p-values derived from
two-sided statistical tests of significance. We set the significance probability level a at 0.05, and a p-value less than that was
considered statistically significant. The assumptions of linear regression were tested. Data were analyzed using the statistical
software R (version 3.5.1, Foundation for Statistical Computing, Vienna, Austria) and the analysis was completed on 4 March
2022.

Results

In our ecological study we included 192 regions (114 countries) with 337,760 COVID-19 related deaths in total (Supplementary
Table 1). The mean (minimum-maximum value) of the total population, the percentage of people aged 65 and above, the number
of ICU beds per 100,000 people, geographical latitude and the number of days from the first confirmed COVD-19 case to
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establishment of specific preventive control measures were 42,181,888 (33,785-1,352,617,328), 14.6 (1.1-27.6), 15.5 (1.0-63.0), 30.7
(-38.4-64) and 25.7 (0-90) respectively. There was no high correlation (Pearson coefficients > 0.8) among our continuous
explanatory variables, ranging from -0.18 to 0.58 (Fig. 1).

In the univariate models ICU beds per 100,000 people and geographical latitude were not associated with the number of COVID-
19 related deaths (Table 1). One unit increases in the total population (in 10,000,000 units), percentage of population aged 65 and
above and the number of days from the first confirmed COVID-19 case to the imposition of preventive measures, were related
to 4.2% (95% CI: 1.1% to 7.4%), 7.2% (95% CI: 1.4% to 13.4%) and 2.4% (95% CI: 1.0% to 4.0%), respectively, higher number of
COVID-19 related deaths (Table 1).

In the multivariable model ICU beds per 100,000 people and geographical latitude still were not associated with the number of
COVID-19 related deaths, while one unit increases in the total population (in 10,000,000 units), percentage of population aged 65
and above and the number of days from the first confirmed COVID-19 case to the imposition of preventive measures, were
related to 3.8% (95% CI: 0.8% to 6.9%), 7.1% (95% CI: 0.9% to 13.6%) and 1.8% (95% CI: 0.3% to 3.6%) , respectively, higher number
of COVID-19 related deaths (Table 1).

0 10 20 30 40 50 6O 8 10 15 20 25 0.0es+00 B.08+08 1.2e+09 40 0 20 40 B0 80 =40 20 0 20 40 GO
I I i I I i i i i i i i I i i I i i I i i | i i i I i i i i I

. r=058 r=-0.19 r=-0.04 r=033 -
%1 ICU beds per [®
g 100,000 | L 5
-]  people / \ e | T
r=-0.18 r=0.21 r=0.19 o
65 and older | |; / L2
(percentage) o T =
r=0.18 r=0.01 [ §
Total -3
population .S
ISR [ 3
-

r=-0.06 -
-8
Lattitude o Lg
x —d
-2

Days since
control [ ¥

meausures

- ¢

T T 1 T T 1T
-40 <20 0 20 40 60

Figure 1. Correlation plot of explanatory variables of our analysis.
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. Unadjusted Fully Adjusted
Vv 1 % CI P-val % CI P-val
ariables Model 95% C value Model 95% C value
Total population (in 10,000,000 1.042 1.011-1.074 | 0.008* 1.038 1.008-1.069 |  0.002*
units)
Percentage of population aged >65 1.072 1.014-1.134 0.014* 1.071 1.009-1.136 0.076*
ICU beds per 100,000 people 1.002 0.968-1.037 0.885 0.999 0.964-1.035 0.726
Geographical Latitude 1.008 0.993-1.023 0.272 1.006 0.990-1.050 0.242
Days until imposition of preventive 1.024 1.010-1.040 | 0.014* 1.018 1.003-1.036 |  0.020*
measures

*Statistically significant associations (P-value<0.05)

Table 1: Association estimates of COVID-19 related deaths and explanatory variables of our statistical model with
corresponding 95% confidence intervals (95% CI).

Discussion

In this ecological study of 114 countries, we presented epidemiological evidence indicating that specific country and state-level
variables can partially explain the variation of COVID-19 related fatalities. More specifically, our findings imply positives
associations of total population, percentage of population aged 65 and above and number of days from the first confirmed
COVID-19 case to the imposition of preventive measures with COVID-19 fatal cases.

The variation in COVID-19 related fatalities among countries has been documented by several studies during the pandemic
[22,23]. Moreover, available data suggest that COVID-19 fatality rates are associated with a variety of factors including
demographic, economic, political and clinical variables [22]. Most of these factors, like percentage of elderly population, share of
population with comorbidities, GDP per capita, population size, number of hospital beds and percentage of GPD allocated to
health care expenditure can explain to a significant degree the differences of COVID-19 fatality rates seen among countries.
Furthermore, it has been observed that countries which promptly implemented preventive measures for diminishing the
transmission of COVID-19 had fewer fatalities than those that delayed [22].

There are several possible explanations for our results. Although, in our study the number of ICU beds per 100,000 people was
not a significant predictor of COVID-19 related deaths during the first months of the pandemic, several studies have shown that
increased availability of ICU beds and hospital resources in general, could have an inverse association with COVID-19 mortality
[24]. In addition to observational studies, simulation studies have also suggested the prevention of deaths due to COVID-19 by
increasing the hospital critical care capacity limits [25]. These differences compared to our results may have occurred due to the
fact we analyzed data only from the first months of the pandemic, where most of the health systems worldwide have been
overwhelmed by the pandemic regardless of how sufficient their resources were. For the same reasons, our geographic latitude
estimate may have been attenuated toward the null, although it has been shown that higher geographic latitude is associated
with increased fatality due to COVID-19.

The generalizability of these results is subject to certain limitations. First of all, we assumed that reporting of COVID-19
confirmed and fatal cases were comparable among the 114 countries, something that may not be true. Second, we used an indirect
method of estimating the ICU beds per 100,000 people in countries where we could not obtain any data on the number of ICU
beds, which may have biased our associations. Third, there was great variability in the extend of how strict the preventive
measures in each country were, making it difficult to decide the exact date of establishment of these measures and their effect of
COVID-19 related deaths. Final, we should also highlight the possibility of ecological fallacy in our study, since we made
inferences about individuals based on aggregate (country-level) data.

Conclusion

In conclusion, we found that total population, percentage of population aged 65 and above and the number of days from the first
confirmed COVID-19 case to the imposition of preventive measures were associated with COVID-19 related deaths, using a
multivariate regression model with data from 114 countries. Since the emergence of COVID-19 pandemic has caused a unique
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disruption in our daily lives, challenging not only the scientific community but also society in general, it would be necessary for
further longitudinal studies with data based on individuals, larger sample sizes and objective measures of explanatory variables
to assess these associations.
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