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Abstract: The purpose of the study is to analyze the presence of functional interrelationships between
the level of funding of the healthcare sector and the country’s ability to withstand any pandemic,
using the example of the COVID-19 pandemic. Official indicators presented by the WHO, analytical
reports by Numbeo (the world’s largest cost-of-living database), and the Global Health Security Index
were used for the study. Using these indicators, the authors analyzed the following: the level of the
spread of coronavirus infections in the world’s countries, the share of public expenditures on the
development of the medical sphere in the GDP of the countries, and the development of the healthcare
sector in 12 developed countries and Ukraine. These countries were grouped into three groups, based
on the model of the organization of the healthcare sector (Beveridge model, Bismark model, Market
(private) model). The Farrar-Glauber method was used to check for multicollinearity in the input
dataset, and thirteen relevant indicators were selected. These indicators took part in the formation of
the generalized characteristics of the country’s medical sphere and the ability to resist the pandemic.
The state of readiness of countries to resist the spread of coronavirus infections was assessed using the
country’s index of vulnerability to COVID-19 and the integral index of the development of medicine.
Additive convolution was used in combination with sigma-limited parameterization to form an
integral index of the country’s vulnerability to COVID-19 and to determine the weights of each
indicator. The convolution of indicators according to the Kolmogorov-Gabor polynomial was used
to construct an integral index of the development of medicine. Thus, while analyzing the ability of
countries to resist the pandemic in terms of models of organization of the healthcare sector, it should
be noted that none of the models demonstrated absolute effectiveness in the fight against the mass
spread of COVID-19. The calculations made it possible to determine the nature of the relationship
between the integral indices of the development of medicine and the vulnerability of countries to
COVID-19, as well as a country’s potential ability to resist any pandemic and prevent the mass spread
of infectious diseases.

Keywords: public health; state funding; models of healthcare financing; the integrated index of the
development of medicine; the integrated index of the country’s vulnerability to COVID-19

1. Introduction

The dynamics of the epidemiological situation that has developed in the world due
to the COVID-19 pandemic threatens the health of the population and the stability of
the socioeconomic status in various countries. The large-scale impact of the coronavirus
pandemic on all areas of society has not only delayed the achievement of Sustainable De-
velopment Goal 3, “Good health and well-being”, but also caused a prolonged interruption

Int. ]. Environ. Res. Public Health 2023, 20, 6106. https:/ /doi.org/10.3390/ijerph20126106

https:/ /www.mdpi.com/journal/ijerph


https://doi.org/10.3390/ijerph20126106
https://doi.org/10.3390/ijerph20126106
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/ijerph
https://www.mdpi.com
https://orcid.org/0000-0001-9764-5320
https://orcid.org/0000-0001-9055-8304
https://doi.org/10.3390/ijerph20126106
https://www.mdpi.com/journal/ijerph
https://www.mdpi.com/article/10.3390/ijerph20126106?type=check_update&version=1

Int. |. Environ. Res. Public Health 2023, 20, 6106 2 of 14

in the provision of essential health services in several countries, which in turn put future
indicators of public health at risk [1,2].

An analysis of data on the spread of coronavirus infections at the beginning of 2020
proves that no country in the world was fully prepared to face the pandemic, regardless
of the level of its economic development and healthcare sector development [3]. It should
be noted that in some countries of the world, Italy and the USA in particular, a higher
proportion of severe and extremely severe forms of the disease was registered, which
caused a threat to public health, particularly in terms of the rapid depletion of human
resources, as well as the reserve of beds and stocks of biomedical materials and equipment,
including personal protective equipment, test systems, and medical ventilators [4,5].

A sharp increase in the number of patients with a coronavirus infection has become
an indicator that characterizes the potential of the state to resist the COVID-19 pandemic,
the degree of its readiness, and the speed of an adequate response in the conditions of an
emergency in the world [6].

It is to be noted that the financial support of the healthcare system plays a unique role
in that regard, directly affecting its sustainability.

1.1. Literature Review

The world’s countries’ resilience to the challenges of the COVID-19 pandemic is the
focus of contemporary scholars. Identifying the influence of the specificity of the healthcare
sector’s organization on countries’ ability to resist the COVID-19 pandemic has necessitated
studying the results of research dedicated to this issue. The chosen research methods were
structural comparative analysis, logical generalization, and scientific abstraction.

Analytical data from literary sources indicate that the healthcare sectors of most coun-
tries, including Ukraine, were not prepared to counter such a large-scale pandemic caused
by COVID-19 [7]. The analysis of scientific works on the problems of organizing public
health systems demonstrates a growing interest of scientists in the specifics of healthcare
systems’ functioning during COVID-19 disease outbreaks. Researchers are interested in
studying the planning and control of coronavirus morbidity for proper administration of
healthcare. In particular, they studied the features of the healthcare sector’s functioning
during the COVID-19 pandemic, healthcare policy and planning, provision of medical
assistance, and ensuring equality in healthcare [8-11].

Studies focusing on the features of different components of the healthcare sectors from
various countries in the context of their ability to resist the consequences of the pandemic
have gained popularity. They investigated the consequences of the pandemic, which
manifested differently in countries around the world, depending on the economic efficiency
and resilience of the healthcare sector to COVID-19. This allowed assessing public health
models’ effectiveness and efficiency in overcoming COVID-19 [1,12].

Relevant are scientific works that illuminate the interrelationship between such im-
portant characteristics as the pandemic and digitalization [13,14], the pandemic, and the
transformation of labor resources in the medical field [15] in the context of the healthcare
sector’s stable functioning [16,17].

Scientists have also considered the specifics of funding the healthcare sector as an
important component of their effective functioning, especially in overcoming the effects of
the COVID-19 pandemic [18,19].

The systematization of information sources regarding the functioning of the healthcare
sector in EU countries and Ukraine indicates that the issue of financing the healthcare
sector in the context of a country’s ability to resist the COVID-19 pandemic requires further
research. This issue remains relevant as each country needs a healthcare sector capable of,
if necessary, countering the rapid spread of future pandemics [20].
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1.2. Analysis of the Organization of the Healthcare Sector: The Experience of Developed Countries
of the World and Ukraine

While studying the problems of financial support for the development of the healthcare
sector, three main models of healthcare financing are mainly distinguished:

—  Budget (state) financing, which is known as the Beveridge model (Great Britain,
Denmark, Norway, Finland, Sweden, Australia);

—  Social compulsory health insurance, which is also called the Bismarck model (Germany,
France, Switzerland);

—  Private health insurance, which is known in scientific literature as a market or private
model (USA) [21].

Ukraine has a budget financing system that makes it possible to attract funds from
charitable foundations and receive humanitarian aid [22,23].

It should be noted that the specified models differ in the following characteristics:
sources of funding for the development of medicine, the level of availability of medical
services, the level of development of the healthcare sector, the organization of healthcare,
the level of state financial support, and the influence of the state on the development of the
healthcare sector.

Table 1 summarizes the main advantages and disadvantages inherent in the researched

models of financing the development of the healthcare industry.

Table 1. Comparative characteristics of models of healthcare financing [24].

State Spending on

Model Healthcare in GDP, % Advantages Disadvantages
the types and prices of medical
services are virtually unchanged, as lack of market instruments;
they are determined and controlled stimulation of economic efficiency in
by the state; the medical field;
. medical services and medical low motivation to improve the quality
Beveridge 6-10 . . . . . .
assistance are available to the entire of medical services and medical care;
population of the state; the need for significant budgetary
technologies for financing healthcare = resources to finance the development
institutions and paying labor in the of the medical field
medical field are quite simple
high lity of ical ices; . .
'8 f]ua.lty © rpedlcg services; significant costs for maintaining the
redistribution of financial resources . .
. insurance infrastructure;
depending on the needs of the extensive svstem of
Bismarck 10-13 medical field; . vesy
O . administrative management;
availability of medical care for all . . o
. financing of healthcare institutions
segments of the population; )
L . according to complex schemes
joint payment of medical care
due to the unregulated market of
medical services, uneven access to
medical care by representatives of
stimulating the development of different strata of the population;
innovative technologies in the high cost of medical services;
medical field; significant expenditure of the people
Market stimulating the improvement of the on the development of the
. more than 10 . . .
(private) quality of medical services; healthcare sector;

stimulation of the intensive activity of
medical workers;
mobility of financial resources

the existence of unfair competition
between doctors;
lack of state control over the
definition of the development of
priority areas of
healthcare development
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To perform a comparative assessment of the efficiency of the functioning of healthcare
systems in different countries, the World Health Organization (WHO) calculates indicators
that characterize the state of a country’s healthcare sector.

One key indicator that describes the healthcare system’s funding level is the share of
public expenditures on the healthcare sector in the country’s GDP. Data on the dynamics of
the level of state financing of the development of medicine in the countries’ GDP worldwide
in terms of models of the organization of the healthcare system are shown in Table 2.

Table 2. Dynamics of the share of public expenditures on the development of the medical sphere in
the GDP of the countries of the world in terms of healthcare financing models, % [25,26].

Country 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
Beveridge model
United Kingdom 9.8 9.8 9.9 10.0 10.0 9.9 9.9 9.8 9.9 10.2
Denmark 10.3 10.2 10.2 10.2 10.2 10.2 10.1 10.0 10.1 10.0
Norway 8.9 8.8 8.8 8.9 9.3 10.1 10.6 10.3 10.0 10.5
Finland 9.1 9.2 9.6 9.8 9.8 9.6 9.4 9.1 9.0 9.2
Sweden 8.3 10.4 10.7 10.9 109 10.8 10.9 10.8 10.9 109
Australia 8.4 8.5 8.7 8.8 9.0 9.3 9.2 9.3 9.2 9.4
Ukraine 4.1 3.7 41 4.2 3.6 3.6 32 34 3.3 32
Bismarck model
Austria 10.2 10.0 10.2 10.3 104 10.4 10.4 104 10.3 10.4
France 11.2 11.2 11.3 114 115 114 11.5 11.3 11.2 11.1
Germany 11.1 10.8 10.9 11.0 11.0 11.2 11.2 11.3 11.5 11.7
Netherlands 10.2 10.2 10.5 10.6 10.6 10.3 10.3 10.1 10.0 10.2
Switzerland 9.9 10.0 10.2 10.5 10.6 11.0 11.3 115 11.2 11.3
Market (private) model
USA 16.3 16.2 16.2 16.1 16.3 16.5 16.8 16.8 16.7 16.8

As shown in Table 2, the data on the share of public expenditures on the development
of the healthcare sector in the GDP of the countries worldwide show that during the
researched period, there was an increase in the specific weight of the public financial
resources allocated to finance healthcare in the GDP in almost all developed European
countries, except Denmark, where the reduction is 0.3 points. Interestingly, in countries
that use the Beveridge model (except for Ukraine), the increase in the value of this indicator
is the most significant and amounts to an average of 1.0 points. As for Ukraine, the trend
regarding the share of public expenditures on the development of the healthcare sector
in the country’s GDP is unstable and fluctuates from 4.1% in 2010 to 3.2% in 2019. The
data summarized in Table 2 indicate that the share of public expenditures on healthcare in
Ukraine is significantly lower compared to developed countries worldwide and does not
reach 5% of the country’s GDP, the level recommended by the World Health Organization.

While analyzing the state financing of the healthcare sector in the countries that use the
Bismarck model, it can be seen that the average increase in the share of state expenditures
on the development of medicine is 0.5 points. At the same time, the state financing of the
healthcare system in Switzerland grew the fastest, from 9.9% in 2010 to 11.3% in 2019.

It should be noted that in the USA, where the market (private) model of financing the
healthcare sector has been implemented, the share of public expenditures in the country’s
GDP is the highest. During the research period, it amounted to more than 16%.

According to experts from the World Health Organization, the overall increase in the
life expectancy of the population on the planet is primarily due to the improvement of the
healthcare system. Therefore, life expectancy indicators and the mortality rate are among
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the primary indicators used by the WHO to assess the effectiveness of the functioning of
the healthcare sector in a country [25].

The rapid and large-scale spread of coronavirus infections in the world made it
necessary to calculate and analyze specific indicators that make it possible to determine the
state of the morbidity, the criticality of the situation in the country, and the level of threats
to the life and health of the population.

As of today, the WHO publishes the following indicators of the conditions of the
COVID-19 pandemic: the number of cases of infection since the beginning of the pandemic,
the number of deaths caused by coronavirus infection, the number of laboratory tests
performed to detect the presence of the COVID-19 virus, the number of persons who have
recovered, the number of persons who recovered per day, the number of deaths per day,

the number of persons who are sick at the specified date, and the number of critical cases
(Table 3).

Table 3. Indicators characterizing the spread of coronavirus infections in the world’s countries as of
18 October 2021 [27].

Nur.nber of The Number of Number of Number of Number .Of
Infection Cases Number of Tests Carried
C X People Who Number of Persons Who Deaths Number of
ountry since the . o Persons Who out to Detect
Are Sick as of Critical Cases Have Recovered Caused by Deaths per Day
Outbreak of 18 October 2021 Have Recovered D COVID-19 the Presence
the Pandemic ctober per LJay of COVID-19
United 8,272,883 1,369,174 780 6,765,629 41,288 13,808 136 316,222,267
Kingdom
Sweden 1,161,264 1962 29 1,126,758 2097 14,886 0 12,879,376
Norway 195,029 105,193 16 88,952 0 884 13 7,987,971
Finland 148,672 101,563 36 46 0 1109 9 7,238,282
Denmark 36,584 7448 18 355,718 537 2674 0 84,475,994
Austria 766,542 19,842 213 735,565 2128 11,135 15 91,294,829
France 7,069,089 91,344 12 6,860,572 6161 117,173 23 146,046,715
Germany 4,354,487 142,822 1336 4,116,400 101 95,265 82 73,348,901
Switzerland 852,665 38,509 132 802,995 606 11,161 5 11,261,111
Netherlands 2,033,005 6034 147 1,954,438 1733 18,227 12 17,632,552
USA 45,547,920 9,700,690 16,141 35,107,452 10,777 739,778 1819 664,075,307
Australia 133,446 26,372 296 105,596 2125 1478 17 40,307,863
Ukraine 2,578,394 21,451 177 2,304,361 6462 59,523 471 13,379,666

The data of the conducted analysis indicate that the most significant numbers of cases
of COVID-19 per 1 million population of the country are peculiar to such countries as
the USA, Great Britain, the Netherlands, and Sweden. Among the countries that have
been studied, the lowest numbers of cases per 1 million population were registered in
Denmark and Australia. While analyzing the rate of new cases as of 18 October 2021, it
can be seen that Great Britain, Austria, the United States, and Ukraine show the most
significant increase. The highest mortality rates during the pandemic were recorded in the
USA, France, Sweden, and Ukraine.

Data on the number of people who recovered during the period of the spread of
coronavirus infections per 1 million people show that the Netherlands, Sweden, the USA,
and France are the leaders according to this indicator. At the same time, the smallest
numbers of those who have recovered are observed in Finland and Australia.

Therefore, each country should create the appropriate potential to resist the pandemic
to prevent the mass spread of infectious diseases at any time and to the full extent to ensure
the safety of life and the population’s health.

We believe that the potential of resisting a pandemic consists in ensuring such a
level of development of the medical system and state support for the implementation of
innovative technologies in the field of providing medical services and diagnostics, which
can be quickly used for effective response and prevention of the mass spread of infectious
diseases with an extremely high level of damage to the population throughout the country.
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The efficiency of the functioning of healthcare systems in countries worldwide is the
subject matter considered not only by WHO experts but also by specialists of various
scientific research structures based on the analysis of the relevant indicator system.

Since 2019, the Johns Hopkins Center for Medical Research, the Nuclear Threat Initia-
tive, and the Economist Intelligence Unit have been calculating the Global Health Security
Index (GHSI), which assesses global healthcare capabilities in 195 countries. The index
consists of 140 questions split into six categories (prevention, detection and reporting, rapid
response, healthcare systems, compliance with international requirements, and risks); it
includes 34 indicators and 85 sub-indicators. Depending on the value of the Global Health
Security Index, the countries that have been studied were divided into three groups:

- 67.0-83.5—the most prepared countries;
- 40.3-66.0—more prepared countries;
- 16.2-33.0—the least prepared countries.

In addition to the ranking and division of countries, the health security research
method also assesses the compliance of the current situation with specific reference criteria
expressed by the optimal values of the specified indicators.

Interestingly, according to the results of the Global Health Security Index calculation,
no country has reached the value at the level of 100% (Figure 1). This situation shows that
countries worldwide were not fully prepared for the emergence and spread of epidemics
and pandemics.
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Figure 1. The values of the Global Health Security Index and the Medicine Level Index for countries
worldwide, including Ukraine [28,29].

As part of the implementation of the Numbeo project, starting in 2018, experts have
been creating a database and rating countries by level of the healthcare sector. The indicator
of the level of the healthcare sector is an index of the quality of the healthcare system, which
comprehensively demonstrates how developed the healthcare sector is in the country, par-
ticularly in terms of the quality of provision and availability of medical services. To create
a ranking of countries by the level of the healthcare sector, experts examine the general
level of quality of the healthcare system, the equipment of hospitals, the professionalism of
doctors and medical staff, and the cost of medical care. Information is gained based on a
survey of respondents in the corresponding countries, a comprehensive index is created
based on the results of the survey. Hence, the higher the index, the higher the country’s
medical care quality.
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The results of the analysis of the ranking of the countries across the world according
to this indicator in 2019 indicate that the highest level of quality and availability of medical
care is peculiar to Austria (79.46%), Denmark (79.22%), and France (78.34%). It should be
noted that Ukraine ranks lowest among the countries that have been analyzed.

2. Materials and Methods

It is worth defining complex indicators to identify the relationship between the devel-
opment of the healthcare sector in the country and its ability to withstand the COVID-19
pandemic. These integral indices will be able to define the country’s vulnerability to
COVID-19 and the development of the healthcare sector under different models of the
healthcare system organization in the context of its ability to resist the pandemic [30].

Countries that are typical for the relevant models of the healthcare system organization
were chosen for the study, representing the Beveridge model (Great Britain, Sweden,
Norway, Finland, Denmark, Australia, and Ukraine), the Bismarck model (Austria, France,
Germany, Switzerland, the Netherlands), and the market model (USA). When creating
the statistical base of the study, the selected indicators were collected into the following
groups [27]:

Indicators of the prevalence of COVID-19, as of 18 October 2021 (all indicators are
corrected to relative—per 1 million population of the corresponding country):

The number of cases of infection since the beginning of the pandemic;

The number of deaths caused by coronavirus infection;

The number of laboratory tests performed to detect the presence of the COVID-19 virus;
The number of persons who have recovered;

Number of new cases of diseases per day; the number of deaths per day;

Percentage of the vaccinated population (1 dose of vaccine) as of 18 October 2021;
The number of persons who are sick as of 18 October 2021;

The number of critical cases.

Basic indicators of the development of the healthcare sector as of 2019:

The share of public expenditures on healthcare in GDP, % [25];
Global index of health security [28];

Ranking of countries by the level of healthcare sector [29];

Life expectancy at birth, total (years) [25];

Death rate, crude (per 1000 people) [25].

The Global Health Security Index is the most comprehensive, considering six categories
and 37 indicators. Among the categories is the work carried out in the country on disease
prevention, the speed of disease detection, the speed of response to the detected disease, the
reliability of the healthcare system and the protection of medical workers, compliance with
international standards, the overall value of the country’s vulnerability to epidemiological
threats [28]. This indicator does not directly match the indicators we added in our study.
Still, unfortunately, we do not have a way to verify the existence of hidden collinearity
because we do not find all 37 indicators in public access.

For a qualitative multifactorial assessment, it is necessary to check for the absence
of a close relationship between independent variables. Therefore, we checked the set of
parameters that characterize the prevalence of COVID-19 for multicollinearity using the
Farrar-Glauber test in the following logical sequence:

(1) Normalize the variables and find the correlation matrix of the normalized indicators;

(2) Check the presence of multicollinearity in the entire array of data using the Pearson
criterion (the actual value is 52.48, which is greater than the corresponding critical
value of 50.99; hence, the multicollinearity phenomenon is present in the array);

(3) Determine the multicollinearity of each variable with the array of data using Fisher’s
test and Student’s t-test. The actual values obtained exceed the critical value (2.78)
for such pairs of indices as the number of cases of infection since the beginning of the
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pandemic and the number of persons who have recovered, and the number of new
cases of the disease per day.

It should be noted that there is a close relationship between the indicators of the
number of people who recover and the number of infected people. Therefore, we did
not consider the indicators of the number of recoveries for the entire period in further
research. A similar multicollinearity testing technique was applied to the corrected array of
independent variables. As a result, the hypothesis of a relationship between the data was
not confirmed.

For a set of 8 indicators of the prevalence of COVID-19, we determined an integral
index (1), which provides a comprehensive assessment of the vulnerability of the country
to the pandemic by using the additive convolution of the normalized indicators at the
previous stage:

m,fn (X1 x3)
1
COVID; R 1)
where COVID is the integral normalized index of the vulnerability of the i country to the
pandemic; xj—standardized values of pandemic prevalence indicators the i country, the
K indicators.

Using the integral index, we performed a sigma-restricted parameterization, which
made it possible to determine the weights of categorical variables that characterize the
country’s healthcare system and calculate the impact of each factor in the overall model.

To implement this stage, the Statistica Portable program (the Advanced Linear/Nonlinear
Models module) and the GLM tool were used, in which the sigma-restricted parameter-
ization method was chosen. The following designations were selected as a categorical
indicator: the Beveridge model—1, the Bismarck model—2, and the market model—3.

The results of the sigma-restricted parametrization assessing the degree of relationship
between the integrated indicator of vulnerability of countries to the pandemic (COVID)
and independent indicators are contained in Table 4, together with the categorical variable
of the healthcare system, which has the form shown in formula (2), and the results indicate
the statistical significance of all input parameters (less than 0.05). The values according to
the Fisher (F) and Student (¢) tests, on the contrary, are large.

Table 4. Evaluation of the parameters of the integral index of the vulnerability of countries (COVID).

COVID—Param. COVID—Std. Err SS F t p
Intercept 0.40131 0.00734 0.05017 2893.69 54.879 0.0023
Tot Cases/1 M 0.01352 0.00613 0.00042 30.44 5.623 0.0412
Deaths/1 M —0.15870 0.00954 0.01024 628.44 —24.074 0.0109
Tests/1 M —0.07372 0.00241 0.01911 1112.33 —32.987 0.0018
New Cases/1 M —0.11290 0.00612 0.00571 378.81 —18.657 0.0013
New Death/1 M 0.05830 0.01263 0.00042 26.70 5.450 0.0351
Active Cases/1 M —0.19248 0.00889 0.00831 490.12 —22.093 0.0023
Serious, Crit/1 M 0.19935 0.01667 0.00231 141.42 11.657 0.0067
Vaccine/1 M —0.12704 0.01454 0.00944 26.95 5.191 0.0041
Model 1 0.113780 0.015606 7.245 0.0128
Model 2 —0.09672 0.01391 —7.695 0.0113
Model 3 0.10361 0.01518 7.281 0.0156

They are followed in descending order by the percentage of the vaccinated population
(0.009), the number of patients per day (0.008), the number of new infections (0.006), the
number of critical cases (0.002), the total number of diseases since the beginning of the
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5 ~
MEDi = Z ZUJ'X]'Z'
j=1

pandemic, and the number of new deaths (0.0004). The general conclusion of model
adequacy is as follows: coefficient of determination equals 0.99; multivariable correlation
equals 0.99.

COVID; = 04014 + 0.013TC —0.1583D — 0.074T — 0.112NC + 0.058ND — 0.192AC
+0.1935C — 0.127V0.114MBev — 0.097 MBism + 0.104 M Tr

@)
where TC (Tot Cases) is the number of cases of infection since the beginning of the pandemic,
D (Deaths) is the number of deaths caused by coronavirus infection, T (Tests) is the number
of laboratory tests performed to detect the presence of the COVID-19 virus, NC (New Cases)
is the number of new cases of diseases per day, ND (New Deaths) is the number of deaths
per day, AC (Active Cases) is the number of people who are sick, SC (Serious, Crit) is the
number of critical cases, and V' (Vaccine) the percentage of the vaccinated population.

If the healthcare model is built according to the Beveridge model, then MBev = 1,
MBism = 0, MTr = 0; if the healthcare model is built according to the Bismarck model, then
MBev = 0, MBism = 1, MTr = 0; if the healthcare model is built according to the market
model, then MBev =0, MBism =0, MTr =1.

Hence, the constructed model (2) describes 99% of the variability of the integral index
from a set of parameters that characterize the degree of vulnerability of the country to
the pandemic.

For a set of indicators that are stimulators of the development of the medical field, we
applied natural normalization (3) and Savage normalization for the population mortality
rate (4). The applied Farrar-Glauber algorithm refutes the hypothesis of the presence of
multicollinearity in the array of data from 5 indicators of the development of the healthcare
system. To build an integral indicator of the development of the healthcare sector, we apply
a convolution of indicators by using the Kolmogorov-Gabor polynomial (5):
iy~ min {1

~

n qu{xji} —m;n{xji} ©)
] ]
N m]ﬂx{xﬁ} - Xji
Xk = - 4
I max{x]-i} — m;n{xji} @
] ]
5 5
= 1]271 h1=1j2=1j3=1 h1=1jp=1j3=1js=1 (5)
5

+ Z Z Z Z Z wj ]]lx]zlx]31x]4lx]5l

1=1j2=1j3=1js=1j5=1

where w; is the weights of the j factor, and all the weights are taken as 1; xN]-l- is the
normalized value of the j factor of the i country, j, # j.

Using the integral index of the development of the healthcare sector, we conducted
a sigma-limited parameterization, which made it possible to determine the weights of
categorical variables characterizing the country’s healthcare system and calculate the
impact of each factor in the overall model. The following designations were chosen as a
categorical indicator: the Beveridge model—1, the Bismarck model—2, and the market
model—3.

The results of the sigma-restricted parametrization to assess the degree of interrelation
between the integral development of medicine (MED) and independent indicators, together
with the categorical variable of the healthcare system, which has the form shown in (12),
indicate the statistical significance of all input parameters (less than 0.05). The values
according to the Fisher (F) and Student (¢) tests, on the contrary, are large.
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The analysis of Table 5 makes it possible to conclude that the most significant contribu-
tion to the integral index’s overall value (SS) is made by the Global Health Security Index
(0.0207). It is followed in descending order by the share of public expenditure (0.0088),
the ranking of countries by the level of medicine (0.0084), life expectancy (0.0056), and
mortality (0.0048). The overall conclusion of model adequacy is as follows: coefficient of
determination equals 0.99; multivariable correlation equals 0.99,

MED = —0.787 + 0.5H + 0.521GI + 0.525LM + 0.578LE + 0.371DR — 0.267MBev — 0.269 M Bism ©)
— 0.251MTr
where H is the share of public expenditures on healthcare in GDP; GI—Global Health
Security Index; LM—ranking of countries by the level of medicine; LE—life expectancy at
birth, total (years); DR—death rate, crude (per 1000 people). If the healthcare model is built
according to the Beveridge model, then MBev = 1, MBism = 0, MTr = 0; if the healthcare
model is built according to the Bismarck model, then MBev = 0, MBism =1, MTr = 0; if
the healthcare model is built according to the market model, then MBev = 0, MBism = 0,
MTr=1.
Table 5. The evaluation of the parameters of the integral index in medicine development (Med).
Med—Param. Med—Std. Err SS F t p
Intercept —0.7873 0.0483 0.0074 266.1405 —16.3138 0.0001
The share of public spending on
healthcare in GDP 0.4997 0.0280 0.0088 317.7969 17.8269 0.0001
The global index of health security 0.5210 0.0191 0.0207 747.7551 27.3451 0.0000
Ranking of countries by level 0.5251 0.0301 0.0084 3035455  17.4226 0.0001
of medicine
Life expectancy at birth, total (years) 0.5777 0.0404 0.0056 204.0220 14.2836 0.0001
Death rate, crude (per 1.000 people) 0.3705 0.0280 0.0048 174.4985 13.2098 0.0002
Model 1 —0.2669 0.0147 —18.1791 0.0001
Model 2 —0.2693 0.0180 —14.9381 0.0001
Model 3 —0.2510 0.0169 —14.8119 0.0001

Thus, the constructed model (6) describes 99% of the variability of the integral index
from a set of parameters that characterize the degree of vulnerability of the country to
the pandemic.

3. Results

The results of calculations of integral indices of the vulnerability of the country’s
population to the pandemic are presented in Table 6, where a value of 0 means that the
country coped best with the challenges of the pandemic and has the lowest number of
deaths noted compared to the rest of the countries, whereas a value close to 1 is the opposite.

The analysis of the obtained integral indices of vulnerability to COVID-19 makes it
possible to conclude that Australia was the best prepared to fight the pandemic. France,
Finland, and Norway have an average level of vulnerability to coronavirus infection.
According to the results of the calculations, the USA, Great Britain, Ukraine, and Austria
were the most vulnerable to the spread of the pandemic.

The normalized results of the integral index of the development of medicine are
presented in Table 7.

The results presented in Table 7 are spread from 0 to 1, similar to the previous table.
The closer the value is to 0, the less developed the country’s health sector is compared
to the other countries that participated in this research, whereas a value closer to 1 is the
opposite. The analysis of Figure 2 and the obtained results of the calculation of the integral
index of the development of medicine in the section of the countries worldwide makes it
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possible to conclude that Australia has the most developed healthcare system. The USA,
Switzerland, France, the Netherlands, Great Britain, and Norway have an above-average
level of development of the healthcare system. Interestingly, as evidenced by the analysis
results, Ukraine demonstrates the worst level of development in the healthcare sector.

Table 6. Integral index of the country’s vulnerability to COVID-19.

Country COVID * Country COVID *
United Kingdom 0.915 Germany 0.489
Sweden 0.502 Switzerland 0.584
Norway 0.421 Netherlands 0.574
Finland 0.431 USA 0.772
Denmark 0.565 Australia 0.241
Austria 1.000 Ukraine 0.956
France 0.379

* COVID—integral indicator, values from 0 to 1, where a higher value corresponds to a better level of the
development of the healthcare sector.

Table 7. Integral index of medicine development.

Country MED * Country MED *
United Kingdom 0.815 Germany 0.616
Sweden 0.767 Switzerland 0.893
Norway 0.811 Netherlands 0.845
Finland 0.669 USA 0.932
Denmark 0.796 Australia 1.000
Austria 0.719 Ukraine 0.000
France 0.885

* MED—integral indicator, values from 0 to 1, where a higher value corresponds to a better level of vulnerability
to the pandemic.

MED
High Above Average Average Low
coviD
Low Australia
High potential for resistance to the Medium potential for resistance to the
) pandemic . pandemic
Medium France Norway Finland  Germany

Above average

Switzerland Netherlands |Sweden Denmark

Medium potential for resistance to the Low potential for resistance to the
andemic andemic
High . United Kingdom USA Austria e Ukraine

Figure 2. The matrix for determining the level of potential for resistance to the pandemic.

To illustrate the relationships between the integral indices of the development of the
healthcare sector and the vulnerability of countries to COVID-19, we created a matrix
demonstrating the country’s potential to resist the pandemic due to the efficiency of the
healthcare system (Figure 2).

Hence, if the countries are placed into the cells of the upper left corner of the matrix,
this indicates that they can resist the spread of coronavirus infections and avoid significant
population losses by having a sufficiently developed level of quality of the provision of
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medical services and the existence of appropriate financial support for the development
of the healthcare sector at the beginning of the pandemic. Consequently, such countries
have a reasonably high level of potential to resist the pandemic. Thus, Australia, which has
a high level of the value of the integral index of the development of medicine, shows the
lowest vulnerability to the spread of the pandemic. France and Norway, which have an
above-average level of medical development, also demonstrate a reasonably high level of
resistance to the spread of coronavirus infections.

If, according to the results of the calculation, the countries are placed in the cells of
the lower left or upper right corners, this indicates an average level of potential to resist
the pandemic. Therefore, there is a need to review and improve state support and control
over the development of the healthcare sector of such countries and improve the state
financial policy in terms of supporting scientific and research activities in the healthcare
sector. According to the calculations, Switzerland, the Netherlands, the United Kingdom,
and the United States have an average potential to withstand the pandemic.

The countries placed in the lower right corner of the matrix according to the results of
the calculation of the integral indicators are characterized by a rather low level of potential
to resist the pandemic. According to the results of the analysis, countries such as Sweden,
Denmark, Austria, and Ukraine have insufficient capabilities to resist the spread of the
virus, which requires increasing the effectiveness of state policy in the healthcare system in
terms of the development of both the healthcare sector as a whole and its areas.

4. Conclusions

A scientometric analysis of scientific publications of the Scopus reference database in
selected research areas for 20192023 showed that the scientific community had increased
its interest in countries’ ability to withstand pandemics, including the COVID-19 pandemic.
Since the problem chosen for analysis is relevant, it is advisable to study the influence
of the healthcare sector’s financing level on a country’s ability to resist the spread of the
pandemic. The database of the research includes 14 statistical data that describe the level of
prevalence of COVID-19, the state of development of the healthcare sector, and indicators
of healthcare financing in 12 European countries and Ukraine. The Farrar-Glauber Test
was used to check for multicollinearity in the input dataset. For this purpose, the thirteen
relevant indicators were selected. These indicators formed the generalized characteristics
of the country’s healthcare sector and its ability to resist the pandemic.

As a result of the sigma-restricted parameterization, we were able to quantitatively
evaluate the influence of each indicator while calculating integral indices and single out
those parameters best suited for a rapid assessment of the state of the country’s medical
system and its vulnerability to a pandemic. In particular, for a quick assessment of the
country’s vulnerability to COVID-19, of all the parameters, it is worth evaluating, first of all,
the number of deaths per 1 million population and the number of tests performed. Similarly,
for a rapid assessment of the state of the medical system, it is worth paying attention to
the indicator of the Global Health Security Index and the share of public expenditures
on medicine.

The results of the construction of integral indices according to the level of development
of the healthcare sector indicate that Australia has the best level (100) from the list of
the studied countries. It is followed by the USA (93.2%), Switzerland (89.3%), France
(88.5%), Great Britain (81.5%), and Norway (81.1%). On the contrary, Ukraine has a low
value of the corresponding parameter (0%), while Germany (61.6%) and Finland (66.9%)
have an average value of it. Thus, it follows that the level of development of medicine
does not depend on the choice of healthcare organization model because each model has
representatives among the countries that are leaders in this indicator and representatives
that are outsiders.

The results of the calculation of the integral indices regarding the vulnerability of
the country to the COVID-19 pandemic showed that the leading country was once again
Australia (24%), followed by France (38%), Norway (42%), and Finland (43%). The worst
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values were found for the USA (77%), Great Britain (91%), Austria (100%), and Ukraine
(96%). Hence, we can once again conclude that the level of vulnerability to the pandemic
does not depend on the choice of the healthcare organization model because each model has
representatives among the countries that are leaders in this indicator and representatives
that are outsiders.

Thus, while analyzing the ability of countries to resist the pandemic in terms of
models of organization of healthcare systems, it should be noted that none of the models
demonstrated absolute effectiveness in the fight against the mass spread of COVID-19. At
the same time, it is worth pointing out that the Beveridge model has both a model example
(Australia) and a negative example (Ukraine). The Bismarck model is characterized by an
average ability to resist the pandemic, confirmed by the experience of such countries as
France, Norway, Finland, and Germany. Therefore, using the suggested approaches will
contribute to the timely diagnosis of a country’s potential to resist the pandemic and the
development and effective implementation of appropriate measures to strengthen it.
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