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Abstract

The COVID-19 outbreak posed several challenges to healthcare professionals in treating patients: limiting the spread of
infection; develop appropriate short-term strategies; and formulating long-term plans. Each of the affected countries had specific
capacities before the outbreak began. This potential may have helped reduce the spread of the disease and should help reduce its
impact. This paper uses the VMCM method to determine the capacity of health services in European countries. It allowed for a
ranking of countries in terms of this potential. This allows the capacity of the health service to be related to the number of
infected and deceased people. The purpose of this article is to examine the relationship of infections and mortality on COVID-19
to health care capacity.
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1. Introduction

The COVID-19 pandemic poses a challenge to healthcare across the entire globe. It is important to what extent its
potential, i.e. the forces and resources it has, can help cope with the pandemic. If the impact of the potential to
counteract the pandemic was significant, it would serve as the basis to look at the countries with the highest
potential in order to determine what factors have facilitated the healthcare service to act.

Before COVID-19, Europe had a strong drive for access to high-quality services and financial protection, and
most countries in the region is legally entitled to health insurance [1]. However, the evidence shows that some
Europeans feel as if they cannot access care [2]. In some European countries, such as Bulgaria, Croatia, Latvia,
Poland, Romania and Sweden, people without access to care represent more than 10% of the population [3].
Determining why people do not have access to healthcare services can be difficult, especially if they are legally
entitled to use healthcare [3]. Gaps in the access to healthcare in countries with universal coverage can result from a
number of reasons, such as financial barriers, i.e. user charges or informal payments, or non-financial barriers such
as waiting times, exclusions from services, or poor quality of care.

The appearance of the virus in the world has made the pandemic something new [4], therefore, the fact how the
health service is doing may not necessarily depend on its potential but on other factors, such as, for example, the
preparation of staff to deal with difficult situations. Mental stress [5] and general well-being of health care workers
have gained increased awareness, and the research continues to show high rates of burnout [6], mental stress, and
suicide [7].

The COVID-19 pandemic has been a challenge [8] while in many cases it has exceeded the capacity of hospitals
and intensive care units worldwide [9,10]. Healthcare employees care for patients despite exhaustion [11], personal
risk of infection [12], fear of transmission to family members [13,14], illness or death of friends and colleagues, and
the loss of many patients. Unfortunately, healthcare employees have also faced many additional - often avoidable -
sources of stress [15]and anxiety [16], and long working hours [17,18] and shifts [19,20], combined with
unprecedent population constraints, including personal isolation, have affected people's coping ability [21].

Insufficient resources and the lack of specific treatments for COVID-19 have increased the challenges of treating
severely ill patients [22,23]. Healthcare employees had to take care for sick colleagues, provide comfort to dying
patients who were isolated from their loved ones, and remotely inform and console family members of the patients.
Some healthcare employees were burdened with emotional and ethical decisions about rationing resources and
withholding CPR or admission to the ICU. They shared the pain of non-COVID-19 patients whose surgery or other
necessary treatments have been cancelled or postponed [24].

The purpose of this article is to investigate the relationship between infections and COVID-19 mortality on the
healthcare potential.

2. Materials and Methods

The research used the VMCM method (Vector Measure Construction Method), which enables to rank objects on
the basis of selected diagnostic variables [25]. As part of the ranking procedure, a pattern and anti-pattern are
determined, against which the positions of the compared objects are determined. It consists of 8 stages:

Stage 1. Selection of diagnostic variables.

Stage 2. Elimination of variables.

Stage 3. Defining the diagnostic variables character.
Stage 4. Assigning weights to diagnostic variables.
Stage 5. Normalisation of variables.

Stage 6. Determination of pattern and anti-pattern.
Stage 7. Building the synthetic measure.

Stage 8. Classification of objects.

Stage 1. Selection of diagnostic variables
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At this stage, variables are selected on the basis of which the ranking of objects is made. The variables should
properly characterise the objects so that the ranking took place in the manner specified by the researcher. The
principles of selecting diagnostic variables are widely presented in the literature [26]. The determining factors in
selecting variables often include data availability. After the set of diagnostic variables is determined, an observation
matrix is created O[n X m], where 7 refers to the number of objects and m refers to the number of diafgnostic
variables.

When performing calculations in the vector space, objects are represented by vectors, and variables can be treated
as their coordinates (x, ). j is the designation of the vector number and i is the designation of the variable.

J

Stage 2. Elimination of variables

Not all variables can be used in the ranking process. There are a number of methods to eliminate these kinds of
variables. For the variables, the significance factor of features can be determined [27]:

Vi:

=19
=

where X, is the mean value, and O, is a standard deviation i-th diagnostic variable.

This coefficient shows the variability of the value of a given variable. Too low value of this coefficient may mean
that the variable values for a given object are very low, which means that they do not differentiate objects
sufficiently. Low differences may be due to a random factor, for example, due to a different measurement time of
the variable. As a result, the differences between the values of the variables become insignificant. During
normalisation, the variability of all variables is equalised to a more or less similar level. As a result, the random
factor for low-variable variables may significantly affect the ranking results. To eliminate this problem, a certain
threshold is assumed. If V; for a given variable is below this threshold, this variable is eliminated. In the literature
[27,28] the value of this threshold is determined at the level of 0.1.

Stage 3. Defining the diagnostic variables character

Variables can influence the ranking of an object in various ways. For some variables it is desirable to have the
highest values possible, for others the lowest. For example, when ranking of electric cars is created, it is desirable
that their range is the largest and the price is as low as possible. Variables the values of which are as high as possible
are called stimulants, and those for which the lowest values are desired are called destimulants. Sometimes it
happens that specific variable values or a certain range of them are desired. Such variables are called nominants. An
example would be the number of seats in a car. As a rule, the client expects 4 or 5 seats in a passenger car. Both
greater and smaller values are less desirable. The VMCM method does not allow the use of nominants. However,
there are methods that enable to change nominants into stimulants.

Stage 4. Assigning weights to diagnostic variables

Some of the variables may be much more important than others, in the opinion of those performing the ranking.
An example would be the price when buying a car. This variable is often the most important determining factor in
the selection of a car. This can be accounted for by the weights given to the diagnostic variables. Each variable can
be assigned a number determining its importance; the greater this number, the greater the importance of the variable.
This can be done, for example, using a point system, assigning values from 1 to 10, where one is a low-importance
variable and ten is a very important variable. The values assigned to the variables are normalised to obtain the
weights:
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W, o=—i ©)

where V, are point values assigned to individual variables.
After the normalisation, the sum of the weights is equal to one:

iwi =1 (€))

i=1

Stage 5. Normalisation of variables

Diagnostic variables can have different units of measure and different ranges of values. Using them in this form
would mean that variables with higher absolute values would have a greater impact on the result of the ranking than
those with lower values. If the variables have different measure units, and in some cases also different ranges of
values, the variables should be normalised. An example of a normalisation method is standardization:

X, —X;
J

1

“
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1
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Stage 6. Determination of pattern and anti-pattern

VMCM-based ranking requires specification of the pattern object and the anti-pattern object. The pattern object
should have relatively high values of the variables, and the anti-pattern object - relatively low. The pattern object
and the anti-pattern object can be real objects, but most often they are synthetic objects, in which the values of the
variables are determined on the basis of the variable values of all objects participating in the ranking procedure. In
the VMCM method, they are determined on the basis of the first and third quartil:

x; dla stymulant
r_ J4m
Yi =1'x!  dladestymulant’ )
w
qi

where x; is the value of i-th normalised variable for the pattern, x| - the value of i-th normalised

w q1
variable for the first quartil, and x; - the value of i-th normalised variable for the third quartil.
Q1
x;  dlastymulant
=) q
Xi x; dladestymulant’ ©)
aw
qu
where x; is the value of i-th normalized variable for anti-pattern.

aw

Stage 7. Building the synthetic measure
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The measure values are calculated based on the one-dimensional coordinate system. Fig. 1 shows a graphical
interpretation of the determination of the measure value. The pattern and anti-pattern vectors define two points in
space through which the line passes on which the axis of the coordinate system lies. This axis is the vector being the
difference between the pattern-vector and anti-pattern-vector. The length of this vector is the unit of measure in this
coordinate system. If the measured length is equal to the length of this vector, then in this coordinate system it is
equal to one. The coordinates in the one-dimensional coordinate system can be determined based on the formula
[28,29]:

c= (B,B). (7

Fig. 1. Graphical interpretation of the determination of the measure value presented in different ways.

¢ is the component of vector A along vector B, where vector B can be identified with one-dimensional
coordinate system, ¢ with the coordinate of vector A in this system. (A., B ) is a scalar product:

(4,B)=>ab,. ®)
k=1

where @, and bk are coordinated of 4 and B vectors.

The point set by the anti-pattern is assumed as the origin of the coordinate system. Therefore, before the
component is determined, the anti-pattern vector is subtracted from each vector for which the value of the measure
is determined. The formula for determining the value of the measure is obtained in this way [28,29]:

m
’ ' ’ ’
Z X, — X; X,— X;

=1 \J aw w aw
= 2L ©)
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m,, is coordinate of the object in one-dimensional coordinate system, the origin of which is determined by the
J
anti-pattern vector, the direction is determined by the vector being the difference between the pattern vector and the
anti-pattern vector. The unit of measure is the length of this vector. Due to the fact that 72, is the coordinate, it can
J
also have negative values.

Stage 8. Classification of objects

For easier analysis of the results and for some visualisation of the results, objects can be classified based on the
measure value. The division into four classes is used quite often [25]:

1 for m, e<mm50 + 0y, ®),
j

2 for mge <ﬁ
j (10)
3 for mye <”_1m50 Ty i Mg )’
j
4 for m E(_ 00; My o = O, )
j .
3. Results

To determine the potential of the health service, the research used the data from Eurostat for 2018 concerning
Health care expenditure by provider, Hospital beds by type of care (Germany, data for 2017), Medical technology
MRI (Germany — 2017, Great Britain — 2014), Medical technology Tomography (Germany — 2017, Great Britain —
2014), Physicians by sex and age (Luxembourg, Poland — 2017), Technical resources in hospital (Hungary — 2012,
Great Britain 2016), Population on 1 January. The data for 24 European countries were collected (the countries for
which the data were not available were omitted. Based on the data, six indicators were created: X - Health care
expenditure per 10 000 people, X> - Hospital beds per 10 000 people, X3 — The number of MRI per 10 000 people
X4 — the number of Tomography per 10 000 people Xs — the number of Physicians per 10 000 people X6 - Operation
theatres in hospital per 10 000 people. The results obtained are presented in table 1. The table also presents
calculations of the values of measure. When calculating, it was assumed that the weights for all variables are
identical.

Table 1. The measure values and comparative data (source: own calculations, Eurostat and [30])

Visits to 2020 2021
Country Measure Classes doctors

[%] Case Deaths Deaths/Case Case Deaths Deaths/Case
Germany 1.52 1 87.1 212.64 4.08 172.44 169.90  5.62 157.63
Austria 1.35 1 86.2 408.98 7.05 302.06 266.06  4.19 139.42
Greece 1.03 1 76.7 129.27 4.50 374.56 165.74 438 420.05
Bulgaria 0.77 2 73.5 286.90 10.75  54.04 264.61 11.11 4991
Italy 0.70 2 80.9 348.38 1226 161.13 29294  7.12 191.75
Belgium 0.66 2 84.2 567.17 17.13  191.94 267.69  3.73 331.02
France 0.60 2 89.7 399.50 9.66 81.81 399.78  5.46 97.00
Lithuania 0.57 2 76.4 505.38 6.39 348.43 32852 7.03 264.11
Luxembourg 0.55 2 86.9 771.01 822 263.64 311.11 4.83 175.09
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Latvia 0.52 2 71 211.46 3.28 241.85 365.14  7.35 136.51
Cyprus 0.52 2 65.1 254.78 1.38 185.93 405.70  2.02 275.36
Ireland 0.48 3 752 190.00 4.63 295.71 314.95 5.38 367.89
Czechia 0.42 3 85.5 677.34 1091 243.74 833.22 1598 170.84
Netherlands 0.40 3 755 470.51 6.71 351.94 365.06  3.27 243.16
Malta 0.35 3 79.9 268.53  4.60 126.52 362.66  3.99 213.92
Spain 0.29 3 84.5 413.27 1090  106.65 321.50  5.63 155.37
Slovakia 0.24 3 74.9 329.85 3.93 155.24 361.05 16.60  201.18
Croatia 0.24 3 75.8 513.55 9.55 171.44 237.15  6.53 110.13
Estonia 0.21 3 75.7 212.18 1.74 142.57 680.69  6.60 89.68

Romania 0.18 3 46.1 323.68 8.07 220.51 204.17 543 239.77
Slovenia 0.15 3 71.7 591.00 13.05 249.37 53297 7.1 266.14
Hungary 0.13 3 84.5 329.82 9.75 220.79 440.44 16.20  133.44
Poland 0.13 4 81.2 340.97 7.52 119.08 368.77  8.84 459.69
United Kingdom -0.02 4 755 376.66 11.11 29493 288.18  8.13 282.23

For the value of measure obtained and visits to doctors, correlation with the number of infected and deceased
persons was calculated. The results are presented in table 2.

Table 2. Correlation between the value of measure and visits to doctors, and the number of infected and deceased persons

.. 2020 2021
Correlation Visits to
doctors Case Deaths Deaths/Case Case Deaths Deaths/Case
Measure 0.349146 -0.19439 -0.15766  0.13236 -0.40408 -0.31536  -0.10958
Visits to doctors 1 0.259539 0211936  -0.11562 0.142843  0.129805  -0.19517

4. Discussion

Fig. 2 shows a comparison of the health care potential for the analysed European countries. The countries have
been divided into four classes, where the first class denotes countries with the greatest potential, and the fourth class
denotes the countries with the lowest potential. High potential means that countries have a lot of doctors, hospital
beds, specialist equipment, etc. The countries with the lowest potential turned out to be Great Britain and Poland.
The figure shows that the countries of Central Europe, such as Germany or Austria, have higher potential, and the
countries of Eastern Europe have lower potential. Poland is the weakest country in Eastern Europe.

The value of the measure determining the potential showed the highest correlation in terms of the absolute value
with the number of infected people in 2021. Most likely, however, there is no strong cause-and-effect relationship.
The vaccinated people may play a role in the indicators in 2021, reducing the number of infected and deceased
people. The proportion of vaccinated people in the death rate per 10,000 of the infected should be lower as they are
less likely to become infected. The correlation of the value of the measure with this indicator is minor. Therefore, it
can be concluded that the influence of the potential on the number of infected and deceased people is insignificant.
The correlation with the number of infected and deceased people may result most probably from the better financial
condition of the countries with higher potential, which translated into the effectiveness of fighting the epidemic,
including faster purchase of more vaccines.
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Fig. 2. Comparison of the health service potential in the European countries

It should be remembered that the correlation is calculated with the total number of infected and deceased people
in the entire year 2020 and early 2021. The values of the correlation could be completely different if only data from
the peak incidence period were considered. Health service potential could then play a greater role as it would not be
able to treat all patients properly in countries with lower potential. A different result could probably also be obtained
by analysing countries around the world. The research would then involve countries where the potential of the health
service is so low that it does not provide basic services to all citizens.

The highest values of correlation with the number of visits to a doctor were obtained for infections in 2020 and it
is a positive correlation, which means that the more patients used to see a doctor, the greater the number of the
infected. The value of the correlation in this case was not high enough to make an unambiguous conclusion in this
case. The value of this correlation dropped significantly in 2021.

4. Conclusions

The study conducted did not show a direct relationship between the health service potential and the number of
infected and deceased people. Although the correlation of the value of measure with the number of infected and
deceased persons could indicate such a relationship, the correlation with the number of deaths per 10,000 of the
infected indicates that this is a result of the dependence of the examined variables on some other factor that is not
described by the data used in the article. It may be suspected that such correlation would occur in critical cases,
when the number of infected people was very large. Such situations in most countries were too short-lived for this to
affect the correlation with the aggregate data.
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