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ABSTRACT. The article uses the estimation method of the
center of mass to model the country’s health profile as an
indicator for determining the prerequisites for the
country’s readiness to combat and prevent mass diseases.
The authors identified the most relevant determinants
that characterized society’s social, economic, healthcare,
and behavioral models. They formed a sequence of health
profiles in the form of a four-pole barycentric model of
balanced, composite dimensions. It was found that
developed countries dominate according to the integrated
value of the four dimensions. It indicates their significant
economic, social, and medical opportunities for the
population. According to the balance of dimension pairs,
behavioral determinants influence the imbalance for
developed countries, the health care determinants - for
new industrial states. The pair of socio-economic
development is the most critical for developing and the
least developed countries. According to the resilience
level, such countries as Ireland, Luxembourg, Iceland,
Switzerland, Denmark, Greece, Australia were identified.
As a result, Norway’s health profile was found to be the
most effective four-pole barycentric model with
composite dimension efficiency, dimension pair balance,
and stability level.
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Introduction
The global COVID-19 pandemic has posed significant challenges to society in its
unwillingness to confront them in terms of providing quality medical services and in economic,
social, political, and other aspects. It is not the first mass disease that humanity has experienced
since its inception, for example, as the Spanish flu pandemic (1918-1920), cholera (1852-1860),
and the Black Death plague (1346-1353), etc. In today’s world, this situation has shown how
the imbalance of one area has negatively affected others in the country and the world by
increasing its burden – the health sector. Therefore, while counteracting global problems and
developing effective tools to combat them in terms of ensuring the high quality of the country’s
medical sector, it is also necessary to consider its economic and social development conditions,
and behavioral determinants, which today prevail in a given society and create the preconditions
for complicating the situation caused by the global pandemic.
Undoubtedly, the quality of healthcare in any country depends on its economy, which
enables it to invest significant resources in the construction of new hospitals, training highly
qualified personnel, research and development of new medicines, etc. Accordingly, a healthier
population forms the most effective stratum of the able-bodied society, significantly affecting
economic development. Economically developed countries provide higher social standards in
society, which consider obtaining quality medical care. Weak social protection can be a trigger
for economic instability and growing dissatisfaction with healthcare quality. One should also
note that in this chain, it is necessary to consider the behavioral model of society, formed under
the influence of its economic, social, and medical development to a greater extent, which can
create a barrier for it. These are behavioral determinants such as alcohol, drugs, tobacco,
unhealthy food, unprotected sex, quantitative and qualitative malnutrition, leading to diabetes,
tuberculosis, HIV, anemia, obesity, increased suicidal ideation, nervous diseases, etc.
According to the World Health Organization, in 2019, the direct cause of death of 1.5
million people was diabetes. The number of those who had the disease in 2014 amounted to
422 million people, which exceeded this figure in 1980 approximately four times (108 million
people) (World Health Organization, 2021a). Every year, 8 million people die from tobacco
use, with 80% of those who use it regularly living in low- and middle-income countries (World
Health Organization, 2021b). The World Health Organization estimates that in 2020,
approximately 37.7 million people were infected with HIV and 680,000 died from the disease
(World Health Organization, 2021c). 5.3% of the total death toll in the world each year are
those who regularly drink alcohol (World Health Organization, 2021d). One of the causes of
cardiovascular disease is obesity, which is a problem for more than 1.9 billion adults over 18
(according to 2016) (World Health Organization, 2021e). These determinants form the profile
of an unhealthy nation unable to withstand many challenges, particularly the COVID-19
pandemic. Thus, 10.5% of deaths due to coronavirus suffered from cardiovascular disease,
7.3% from diabetes, and only 0.9% did not have chronic illnesses (Minfin, 2021a). That is why
there is a need to determine the existing preconditions for the countrys readiness to combat and
prevent mass diseases and the necessity to reform the medical sector.
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The purpose of this study is to determine the level of the balance of social, economic,
behavioral, and quality determinants of healthcare as composite targets, typical of any country
in the world, to form a sustainable health profile of its population. It will outline the
government’s state policy directions on setting priorities for public health, reforming the
medical sector, developing economic and social incentives and responding to the challenges of
a society that generate such global problems as the global COVID-19 pandemic.
1. Literature review
The consequences of the COVID-19 pandemic have triggered large-scale global socioeconomic imbalances caused by mass disease and quarantine measures. Significant negative
changes have taken place in the world economy (Tommaso, 2020), consumption (Minchenko
& Demchuk, 2021), insurance (Hinrichs & Bundtzen, 2021), the green bond market
(Keliuotytė-Staniulėnienė & Daunaravičiūtė, 2021), and business in general (Antonyuk, 2021;
Tiutiunyk et al., 2021), healthcare (Androniceanu, 2020), the banking sector (Bernardelli et al.,
2021), etc. That is why there is a need for a systematic restructuring of approaches to ensure
the countries’ readiness to combat and prevent mass diseases (Al-Naser & Hamdan, 2021; Dutta
et al., 2020; Bilan et al., 2019). In this context, the study by researchers of determinants of the
impact on the country's health profile formation is a priority. Thus, the country’s social sphere
affects measures to combat mass diseases and depends on developing social capital, social
infrastructure and social security system (Vasilyeva et al., 2020). The regional peculiarities of
the population are the most significant factors, which make it more vulnerable to COVID-19
(Kuzmenko et al., 2020). A matrix of determinants was formed to study the trajectory of
transformational directions of the country’s economic and social development due to the
pandemic Covid-19 by Vasilyeva et al., in 2021. The most informative indicators were for
countries with a convergent socio-economic trend (Vasylieva et al., 2020; Bondarenko et al.,
2020). It is also necessary to consider the multilevel measurement of socio-economic
determinants (Druzhynina et al., 2018; Kyrychenko et al., 2018) and the existing relationship
(Halaskova & Bednar, 2020; Luchko, 2019; Pupavac et al., 2020). Antosova et al. (2019) and
Baranowski & Jabkowski (2021) identify indicators depending on household income clusters.
The trend of economic growth, population health and environmental indicators are directly
related to the consequences of blocking the pandemic (Smiianov et al., 2020a; Letunovska et
al., 2021; Petrushenko et al., 2020). That is why it is necessary to coordinate them when
assessing their impact on the formation of the health profile of the population (Stukalo et al.,
2020). The possibilities of generalized indicators enable to measure the problem. Thus, of
primary empirical indicators are the most effective (Kuc-Czarnecka, 2019). A key determinant
of healthcare quality Smiianov et. al. (2020b) is the supply and demand of qualified
occupational medicine professionals. Wysocka & Lewandowski (2017) and Gallo et al. (2019)
emphasize the managerial qualities of medical staff at the medical institutions. Mohsen et al.
(2018) determine the interdependence between the cost of services and the customer satisfaction
level. Gavurova et al. (2021) investigated that its long-term effectiveness depends on the
organization of the public procurement system. Such measures as compliance with sanitary and
hygienic standards can be an investment in improving the country's population health (Ray,
2021). Gavurova et al. (2020) identified a population index, an intensive care unit transfer rate,
a long-term hospitalization rate, a mortality rate, and a mortality rate from surgery as indicators
of the medical sector quality and the impact on patient satisfaction. Railaite & Čiutienė (2020)
believe that healthcare costs have the greatest impact on the health component of human capital
and, consequently, on the country’s health as a whole. Chen & Sun (2021) investigate the health
of business ecosystems and identify such determinants as the dominant capabilities of the
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enterprise platform, the potential for collaboration of an additional enterprise, products and
services, the sector environment. Behavioral models have an impact on various aspects of
society. Didenko et al. (2020) focus on behavioral determinants and their dependence on the
social security level but consider them concerning the financial sphere. Vveinhardt & Sroka
(2021) define behavioral factors as socially responsible and view them within the activities of
socially responsible companies. Cismas et al. (2019) analyze the latest approaches in the
economy, including economic and behavioral economics, and consider its relationship with
social capital and their impact on education and public health. Undoubtedly, to prevent
situations related to mass diseases, in addition to analytical measures, such preventive measures
should be taken as the introduction of modern technologies in the business process management
system: blockchain (Lopez et al., 2020), remote access technologies (Tovmasyan & Minasyan,
2020), security measures (Tovmasyan & Tovmasyan, 2020). At the same time, despite a large
amount of research in this area, the country's health profile development needs further study
and improvement.
2. Methodology
Various determinants affect the formation of the country’s health profile. So, methods
of scientific knowledge were used for their selection. They include analysis, synthesis,
induction and deduction, which allowed to select a set of relevant indicators for each dimension.
Thus, the behavioral dimension depends on people's lifestyle, traditions, financial capabilities,
psychological aspects, etc., leading to serious chronic diseases and premature death in their
negative form. This group included 10 factors that characterize unhealthy habits (Prevalence of
current tobacco use, % of adults (BD1), Total alcohol consumption per capita, liters of pure
alcohol, projected estimates, 15+ years of age (BD2)), unhealthy lifestyle (Adolescent fertility
rate, births per 1,000 women ages 15-19 (BD3), Prevalence of overweight, % of adults (BD4),
Prevalence of undernourishment, % of population (BD5), Suicide mortality rate, per 100,000
population BD6)), the consequences of an unhealthy lifestyle (Incidence of tuberculosis, per
100,000 people (BD7), Prevalence of anemia among children, % of children ages 6-59 months
(BD8), Prevalence of anemia among pregnant women, % (BD9), Prevalence of HIV, total, % of
population ages 15-49 (BD10)). The selected determinants are indicators-destimulators, i.e., the
growth of their values negatively affects the overall level, to form an integrated level of
behavioral dimension. It is believed that the population, which is characterized by high values
of behavioral factors, is more prone to chronic diseases, which makes it more vulnerable to a
global pandemic.
The dimension of the healthcare sector quality is characterized, first of all, by those
factors reflecting its state support, namely: Current health expenditure per capita, current US$
(HQ1) and Domestic general government health expenditure per capita, current US$ (HQ2)
These are indicators-stimulators, the growth of which indicates an increase in the medical
service quality for the population. Also, an essential feature is a factor - Medical doctors, per
10000 (HQ3), which is a stimulant and shows the number of qualified medical staff per 10,000
people. Its low value indicates a low availability of medical care, which reduces the probability
of the population receiving qualified care on time, especially in conditions of mass morbidity.
The high quality of medical services is evidenced by the low mortality rate, for which such
disincentives as Maternal mortality ratio, modeled estimate, per 100,000 live births (HQ4),
Mortality from CVD, cancer, diabetes or CRD between exact ages 30 and 70, % (HQ5),
Stillbirth rate, per 1,000 total births (HQ6), Tuberculosis death rate, per 100,000 people (HQ7)
were chosen.
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The conditions of the economic development affect the formation of the country's health
profile. The higher its level, the more opportunities are for the population to receive quality
medical care. Such countries are at the forefront of vaccination, introducing more effective
measures to prevent mass diseases with the lowest economic consequences for the population.
It means that for this dimension, three indicators-stimulators were selected (GDP per capita,
current US $ (ED1), GDP growth, annual % (ED2), Ease of doing business score (ED3)) and
one - a destimulator (Inflation, consumer prices, annual % (ED4)). Its integrated level will show
that its highest value corresponds to countries with high economic development, providing
more opportunities to improve public health.
The social dimension aims to provide favorable conditions for the population, related to
the improvement of spiritual and material life, which includes opportunities to provide
themselves with various benefits and form a high living standard. Therefore, three stimulantindicators were selected for this area (Wage and salaried workers, % of total employment (SD1),
Human capital index (SD2), Life expectancy at birth, total in years (SD3)) and two destimulators
(Unemployment, % of the total labor force (SD4), Refugee population by country or territory
of origin (SD5) The high value of its integrated level will indicate high social standards for the
population.
A key aspect of the country’s health profile modeling is to determine the balance and
sustainability of social, economic, behavioral and quality determinants in the healthcare sector,
using a polygon center of gravity approach. Its peaks are composite targets, i.e., those areas of
human life, the balance of which is a necessary prerequisite for the country’s development. A
different set of determinants defines each sphere. This approach has found a practical
application for the insurance and reinsurance market in the work of Kozmenko et al. (2009),
where a model of their stability based on a triangle was developed. A general approach without
practical implementation was proposed to analyze the business activity of companies in the
article of Berzin et al. (2018). We will adapt the method of determining the center of mass to
the input conditions of modeling the country’s health profile.
In the first stage, the social, economic, behavioral and quality determinants of the
healthcare sector are normalized. It is caused due to their different nature, represented by
differences in their absolute values. The application of normalization to solve this problem will
reduce the values of factors from 0 to 1 and carry out their convolution to determine the
composite targets of economic, social, behavioral and quality dimensions of the medical sector.
For spatial data, it is reasonable to use the linear normalization performed by formula
(1), because the observations are independent of each other and not subject to the distribution
laws:
𝑥̃
𝑖𝑘 =

𝑥𝑖𝑘 − 𝑥𝑚𝑖𝑛𝑖
,
𝑥𝑚𝑎𝑥𝑖 − 𝑥𝑚𝑖𝑛𝑖

(1)

where 𝑥̃
𝑖𝑘 – normalized input value of the factor of economic, social, behavioral and
quality dimension of the healthcare sector;
𝑥𝑖𝑘 – input і-factor of economic, social, behavioral and quality dimension of the
healthcare sector for k-observation of the country;
𝑥𝑚𝑖𝑛𝑖 and 𝑥𝑚𝑎𝑥𝑖 – respectively, the minimum and maximum value of the factor of
economic, social, behavioral and quality dimension of healthcare among all observations.
Formula (1) is used to stimulant variables. It is necessary to use its modification, namely
normalization of Savage (2) for destimulators:
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𝑥̃
𝑖𝑘 =

𝑥𝑚𝑎𝑥𝑖 − 𝑥𝑖𝑘
.
𝑥𝑚𝑎𝑥𝑖 − 𝑥𝑚𝑖𝑛𝑖

(2)

In the second stage composite target indicators for each dimension − economic, social,
behavioral and quality of health are calculated. Given the use of spatial data, it is proposed to
calculate it using the geometric mean function (3), because it allows you to determine the
average proportional value, which refers to one number as well as another number to the
geometric mean:
1⁄
𝑛

𝑛

𝐺(𝑥
̃,
̃,
̃)
̃𝑖 )
1 𝑥
2 …,𝑥
𝑛 = (∏ 𝑥

(3)
,

𝑖=1

where 𝐺(𝑥
̃,
̃,
̃)
1 𝑥
2 …,𝑥
𝑛 – geometric mean value of normalized input values of factors
of economic, social, behavioral and quality measurement of the healthcare sector, which is an
composite indicator;
n – the number of factors in each of the dimensions.
We can use the formula of Minkowski metrics (4) for those observations that after
normalization will have a value of zero, to avoid obtaining the value of the target equal to “0”
in the case of using the geometric mean function:
𝑘

𝑅(𝑥𝑖 ) = 1 − √∑ 𝜔𝑗 |1 −
𝑗=1

𝑥𝑖𝑗
𝑥𝑚𝑎𝑥𝑗

2

𝑛

| + ∑ 𝜔𝑗 |1 −
𝑗=𝑘+1

𝑥𝑚𝑖𝑛𝑗
𝑥𝑖𝑗

2

| ,

(4)

where R(xi) – composite indicator-target of economic, social, behavioral, and quality
dimension of healthcare;
𝜔𝑗 – the weight of each factor with which it affects the overall function. Standardized
multiple regression coefficients can be used as such weights. The condition for the formation
of weights is ∑𝑛𝑗=1 𝜔𝑗 = 1, performed if you determine the sum of standardized coefficients.
The result of the second stage will lead to four composite targets of economic, social,
behavioral and quality dimensions of healthcare. Since the normalization of the initial data
contributed to their reduction from 0 to 1, the composite indicator value, which will approach
1, will indicate the maximum value for the relevant area. Otherwise, if the value of the
composite indicator approaches 0, it will indicate that there are economic, social, or behavioral
problems or in the medical field, which lead to the formation of the country’s unhealthy
population profile.
In the third stage, a barycentric model is built on the basis of a balance of social,
economic, behavioral and quality determinants of the healthcare sector, which will have four
vertices corresponding to the four selected dimensions and will be called four-pole. The
algorithm for its construction is as follows:
1) the vertices of the quadrilateral are plotted on the coordinate plane, which are the
values of the calculated composite targets obtained in step 2. They are connected by segments;
2) the values of the quadrilateral angles are calculated to determine the possibility of
describing the circle around it. To do this, the resulting quadrilateral is divided into two triangles
and the length of the sides and diagonals is determined as the length of the segments by formula
(5):
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(5)

𝐴𝐵 = √(𝑥𝑏 − 𝑥𝑎 )2 + (𝑦𝑏 − 𝑦𝑎 )2 ,

where AB – the length of the segment between two points A and B, which are the
vertices of a quadrilateral - composite indicators of four dimensions;
(𝑥𝑎 ; 𝑦𝑎 ) – the coordinates of point A, which correspond to the composite index of one
dimension;
(𝑥𝑏 ; 𝑦𝑏 ) – the coordinates of point B, which correspond to the composite index of
another dimension;
3) calculate the values of the cosines of the angles for each of the two triangles by
formula (6):
𝑏 2 + 𝑐 2 − 𝑎2
cos 𝛼 =
,
2∙𝑏∙𝑐

(6)

where a, b, c – the lengths of the three sides of the triangle, which correspond to the
calculated values of the lengths of the segments determined by formula 5. Next, the obtained
values are converted into degrees;
4) sum the two angles at the bases of one triangle with the angles of the other. The sum
of the obtained quadrilateral angles is checked, whether it is equal to 360 degrees. Next,
opposite angles are checked whether their sum is 180 degrees. In the case of their equality, it is
concluded that around this quadrilateral we can describe a circle radius of which is calculated
by formula (7):
𝑅=

1 (𝑎𝑏 + 𝑐𝑑)(𝑎𝑑 + 𝑏𝑐)(𝑎𝑐 + 𝑏𝑑)
√
,
4 (𝑝 − 𝑎)(𝑝 − 𝑏)(𝑝 − 𝑐)(𝑝 − 𝑑)

(7)

where a, b, c, d – the length of the quadrilateral sides, determined by formula (7);
р – the half-perimeter of a quadrangle, calculated as:
𝑝=

𝑎+𝑏+𝑐+𝑑
.
2

(8)

The ability to describe a circle around a quadrilateral enable to draw a conclusion about
the pairwise balance of dimensions. If there is a deviation of the center of mass from the
reference value, this conclusion will help to analyze the problem of the dimension pairwise
combination that require the development of measures considering both integrated values;
5) the center of mass of the quadrilateral, its coordinates, which are calculated by
formulas (9), (10) are defined:
𝑛−1

1
𝐹𝑥 =
∑((𝑥𝑖 + 𝑥𝑖+1 )(𝑥𝑖 𝑦𝑖+1 − 𝑥𝑖+1 𝑦𝑖 ));
6𝐴

(9)

𝑖=0

𝑛−1

1
𝐹𝑦 =
∑((𝑦𝑖 + 𝑦𝑖+1 )(𝑥𝑖 𝑦𝑖+1 − 𝑥𝑖+1 𝑦𝑖 ));
6𝐴
𝑖=0

where Fx and Fy – coordinates of the center of mass in the quadrilateral;
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(xi; yi), (xi+1; yi+1) – the coordinates of the vertices of the quadrilateral, where the vertex
with coordinates (xn; yn) will coincide with the vertex with coordinates (x0; y0);
A – the area of the quadrilateral, determined by formula (11):
𝑛−1

1
А = ∑(𝑥𝑖 𝑦𝑖+1 − 𝑥𝑖+1 𝑦𝑖 );
2
𝑖=0

(11)

6) a graphical visualization of the model for each country is carried out. It will allow to
clearly present the country’s health profile. Figure 1 shows a graphical visualization of the
reference model.
The standard model (Fig. 1) is a square, the vertices of which are composite indicators
determined in the second stage and correspond to four dimensions - economic, social,
behavioral, and quality of the medical field. Its centroid (center of mass) is at the point of
intersection of its diagonals (“Center of Mass”) with coordinates (0; 0). The vertices of the
square are at points with coordinates (1; 1) for the behavioral dimension, (1; -1) for the
economic dimension, (-1; -1) for measuring the quality of the health care sector, (-1; 1) for the
social dimension. Their values correspond to the maximum value of the composite target, which
can be achieved in the country. It means a high level of social and economic development,
medical sector quality and low values of factors that form a negative behavioral model of
society. The standard model corresponds to the healthiest population profile.

Figure 1. The standard four-pole barycentric model of the country’s health profile
Source: own construction.
It will be difficult to obtain a standard square in the calculation process since under such
conditions, a country with such a model is essentially a super-country with the most developed
economic, social, medical spheres and the absence of a negative behavioral model of society.
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The government needs to consider this model and work to develop more effective measures to
bring the country's actual health profile closer to the benchmark.
In the fourth stage, the difference between the center of mass for a particular country
and the center of mass for an ideal model is determined. It is calculated as the length of the
segment by formula (5).
The fifth stage is an analysis of the built four-pole barycentric model of the country in
relation to the country’s obtained health profile and its corresponding capabilities to meet the
challenges of global pandemics. We will form the rules that must be taken into account in the
analysis of the results from building a barycentric model for different countries, compliance
with which is a guarantee for the formation of the most effective country’s health profile:
1) the coordinates of the four points - the vertices of the quadrilateral should be in the
range from 0 to 1. The closer the value to 1, the higher the level of development
provided by this dimension. The closer it is to 0, the lower the level of dimension
development;
2) a circle can be described around a quadrilateral if the sum of its opposite angles is equal
to 180 degrees. In cases where the circle cannot be described, it will indicate an
imbalance between the two pairs of dimensions. Their analysis will reveal the
inefficiency of the respective pair and direct further actions of the government in these
areas;
3) the center of mass of the barycentric model should be as close as possible to the center
of mass of the standard model, indicating high stability of the barycentric model. If the
center of the circle circumscribed around the quadrilateral coincides with the center of
mass, then we are dealing with a square, a reference model of a country's health profile.
3. Empirical results
Calculations were made for empirical data from 112 countries. The values of the
selected indicators of the four dimensions were taken from the database of the World Bank (The
World Bank, 2021), and the indicator - Medical doctors (per 10,000) - from the database of the
World Health Organization (2021f) for 2018. This period was chosen because most of the
factors needed to perform health profile calculations do not have actual values after this period.
As a result of the first and second stages of the methodological approach and to verify
compliance with the first rule, four groups of countries were formed by the level of economic
development, the integrated values of the four dimensions for the first fifteen of which are
shown in Figures 2-5.
The obtained values of composite dimensions (Fig. 2-5) approach the ideal weight (up
to “1”) for all groups of countries but are not equal to it. In practice, it is difficult to achieve
this level, so the closer the calculated values go to it, the higher the degree of development of
the country’s relevant dimension. It can be noted that the best result among all nations is shown
by Norway, which has the highest total value of composite dimensions – economic, social,
behavioral and quality of health care, which is 3.3280. Such countries as Iceland, Switzerland,
Denmark, Ireland, Sweden, Luxembourg, USA, Australia, Japan, the Netherlands, Austria,
Finland, Israel, the United Kingdom and others (Fig. 2) also have the highest scores, indicating
high opportunities for the population of these countries to ensure a high level of its health and
combat the mass diseases.
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where blue line – standard value; red line – behavioral dimension; green line – social dimension;
grey line – healthcare quality dimension; yellow line – economic dimension.
The prevalence of behavioral and social aspects over the economic and medical sector
quality dimension is peculiar for developing countries (Fig. 3). A similar situation is typical for
the newly industrialized countries (Fig. 4). In other words, to ensure the health profile of the
population, these countries should pay attention to the component of improving the quality of
the medical sector and economic growth because in the case of mass disease, the economy and
healthcare will be primarily affected. For the least developed countries, all four dimensions are
quite low (Fig. 5), which requires the government to develop a set of strategic dimensions to
ensure the minimum needs of the population in the event of a pandemic since their social,
economic and medical capabilities cannot provide it.
The obtained results from the degree measure of opposite angles of the quadrilateral,
determined in the third stage and necessary for checking the conditions of the second rule,
indicate the balancing of two pairs of dimensions. Their values should be equal to 180o. Figures
6-9 present histograms for developed countries, newly industrialized, developing, and least
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developed. 50% and 100% corresponds to 180o. If the value is less or greater than 50%, it
indicates that the degree of the pair of angles is less than 180o or more, i.e., there will be an
imbalance of the selected pairs of dimensions. A pair of economic and social development
dimensions and a pair of behavioral models and quality of healthcare were chosen for the
calculations. Pairwise correlation coefficients between the four dimensions were calculated to
substantiate this choice. Thus, it turned out that the highest values of the correlation coefficients
between the following combinations of pairs: economic dimension and health care quality
dimension – 0.9196, social and behavioral – 0.6552. Using such pairs of dimensions, the
barycentric model will take the form of a rhombus, which will lead to an imbalance between
the pairs of composite indicators. Therefore, according to the lowest values of correlation
coefficients, we choose a pair of behavioral models and quality of healthcare (0.4278) and
economic and social development (0.8580).

Figure 6. Balance of dimension pairs for Figure 7. Balance of dimension pairs for
developed countries
developing countries
Source: own construction.
Source: own construction.
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where dark blue column – a pair of Behavioral and Healthcare Quality Dimensions; light blue
column – a pair of Economic and Social Dimensions.
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The calculated values of the sums of opposite angles in the quadrilateral, which
characterize the pairwise balancing of the four dimensions, show that Norway, Greece, Japan,
Italy, Sweden, Denmark, Finland, Ireland are the most balanced developed countries (Fig. 6).
Costa Rica and El Salvador are among the developing countries (Fig. 7), among the newly
industrial - Brazil (Fig. 8), the least developed – Sierra Leone and Malawi (Fig. 9). The results
show that most countries are characterized by an unbalanced formation of their health profile.
For developed countries, the most unbalanced is the pair of behavioral models and healthcare
quality (Fig. 6), due to the negative impact of such determinants as excessive consumption of
alcohol, tobacco and obesity, and partly low levels of medical costs compared to other
countries, such as Norway and the United States. The pair of behavioral patterns and healthcare
quality is also unbalanced for the newly industrialized countries (Fig. 8). For these countries,
the impact of factors related to the assessment of the health sector quality is more critical,
especially the increased mortality from disease, the level of financial costs and the provision of
qualified personnel. It is especially true for countries such as Bangladesh, India, Egypt, Nigeria
and the Philippines. For developing and least developed countries, the pair of economic and
social development is unbalanced. It is necessary to allocate economic factors which are key
for the maintenance of a healthy way of life for many countries of these groups.
Figure 10 demonstrates the calculated value of the distances between the centers of mass
for all countries. It means that the deviations of the actual values of their centers of mass from
the ideal value show the country's level of stability by achieving the balance of all four
dimensions - social, economic, behavioral, and healthcare. The calculations were performed at
the fourth stage of the methodology to verify the condition of the third rule. The obtained value,
approaching “0”, indicates that the conditions for effective interaction of the economy, social
development, behavioral model of society and medical sector quality are formed for the
population. They create the profile of a healthy country and will resist mass diseases in the
future.

Figure 10. The level of countries’ stability based on the deviation of the centers of mass of their
barycentric models
Source: own construction.
Thus, the most stable countries are Ireland (0.0523), Luxembourg (0.0654), Iceland
(0.0753), Switzerland (0.0854), Denmark (0.0856), Greece (0.0880), Australia (0.0903), Spain
(0.0904), South Africa (0.0927), New Zealand (0.0953), the United States (0.0956), Lesotho
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(0.0973), Norway (0.1006). Most of these states are developed, but the calculations revealed
that developing and least developed countries can also be sustainable. This factor indicates that,
regardless of the values of the targets, the country has an effective combination of them, which
can act as a driver for their further dynamic development to form a health profile of the country.
The least stable countries were Ethiopia (0.3498), Sri Lanka (0.3329), Iran (0.3277), the Kyrgyz
Republic (0.3200), Egypt (0.3123), Bangladesh (0.3099), Kenya (0, 3097), Nepal (0.2984),
Morocco (0.2974), Jamaica (0.2968).
The results show that these countries have an imbalance in the formation of their health
profile due to the predominance of mainly one or two areas over others. It indicates the
inconsistency of their development and the need for their transformation. According to the
calculations, at all stages of the methodology and the conditions of three rules of construction
and barycentric model analysis, the most effective health profile of the country is the model of
Norway (Fig. 11).
The obtained Norway four-pole barycentric model demonstrates high values of four
composite dimensions – economic (0.7466), social (0.9245), behavioral (0.7694) and medical
industry quality (0.8874). The pairwise combination of dimensions is quite balanced, as
evidenced by the ability to outline a circle around the quadrilateral. The deviation of the
calculated center of mass from the reference is equal to 0.1006, indicating the approximation
of Norway’s barycentric model’s stability to the reference level.
For comparison, we will form the health profile of the most stable country – Ireland,
and unstable – Ethiopia (Fig. 12-13).
The Ireland’s four-pole barycentric model (Fig. 12) shows a relatively high value of
composite dimensions – economic (0.8635), social (0.9030), behavioral (0.6255) and the
medical industry quality (0.7291). The pairwise combination of composite dimensions is not
balanced, as evidenced by the impossibility of delineating a circle around a quadrilateral. The
pair of behavioral patterns and the quality of the healthcare sector is the most critical, where
behavioral determinants, i.e., the levels of alcohol, tobacco and obesity consumption, are more
unbalanced. The deviation of the center of mass of the Irish model from the reference value is
0.0523, which is the best value among all other countries. Despite the imbalance of pairwise
dimensions, their combination allows creating appropriate economic, social and medical
conditions for the population, enabling conditions for improving its health level. The Ethiopian
model (Fig. 13) demonstrates low values of composite dimensions – economic (0.1461), social
(0.3434) and medical sector quality (0.0311). The behavioral dimension is equal to 0.7463,
indicating a lower tendency of the Ethiopian population to lead an unhealthy lifestyle than the
population of some European countries. The low level of economic development and the
healthcare quality is an essential factor in reducing the population's ability to receive qualified
medical care in case of a pandemic and to obtain financial guarantees in case of a lockdown.
The model demonstrates the lack of balance between the dimension pairs and the largest
difference in the distance between the country’s center of mass and its reference value.
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Figure 11. Norway’s health profile based on a four-pole barycentric model
Source: own construction.

Figure 12. Ireland’s health profile
Source: own construction.

Figure 13. Ethiopian’s health profile
Source: own construction.
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Conclusion
The global COVID-19 pandemic has shown humanity its unwillingness to respond
quickly, fight systematically, and combat such phenomena. That is why today, the problem of
providing the countries’ population with appropriate conditions for preserving and improving
their health is of a great importance. These should be measures to overcome the effects of mass
diseases and systematic steps to identify various determinants that may directly or indirectly
affect this process. In this study, the authors use the approach of determining the center of mass
to shape the country's health profile as a tool for preliminary analysis and identification of
weaknesses that may be the reason for the country’s inability to address global issues such as
pandemics. The health profile is a four-pole barycentric model formed based on composite
dimensions that characterize the behavioral aspect of the population, the level of medical
industry quality in the country, and the economic and social development conditions. The
dimensions and determinants that form them were chosen based on the analysis of the literature
and the basis of the use of scientific knowledge methods. Three main rules were identified to
apply the method, which provide for the construction of the model and its analysis by the values
of each composite dimension, the balance of dimension pairs and the value of the distance of
the calculated center of mass from the standard. Calculations were performed for data from 112
countries. It was found that developed countries have integrated values of four dimensions
higher than for other groups (developing countries, newly industrialized and least developed).
It indicates more excellent economic, social, medical opportunities for these countries to ensure
a high level of health. The calculated sums of opposite angles of the four-pole barycentric model
showed that the pair of behavioral dimension and quality of the medical field, especially
behavioral determinants is the most unbalanced for developed countries. This pair is also
unbalanced for the newly industrialized countries, but mainly in terms of quality assurance in
the health sector.
For developing countries and the least developed, the pair of economic and social
dimensions upsets the balance of the model, especially in terms of economic development. They
were determining the stability level of the model based on assessing the deviation of the
calculated center of mass from the standard allowed to identify such countries as Ireland,
Luxembourg, Iceland, Switzerland, Denmark, Greece, Australia, Spain, South Africa, New
Zealand, USA, Lesotho, Norway. The analysis of the results based on the conditions of three
rules determined that the health profile of the Norwegian population was the most effective. Its
model demonstrates the highest values of composite indicators of economic, social, behavioral
and health quality, full balance of dimension pairs and close to reference calculated value of
the center of mass. The experience of this country should be considered by others in developing
strategies aimed at improving the living standards of the population. The paper also presents
the health profiles of Ireland and Ethiopia, which have the best and worst stability values of
barycentric models, respectively. The relevant government commissions and organizations the
activities of which aim to improve the medical service quality and ensure the fight against mass
diseases to solve the problematic aspects based on the country’s health profile, should consider
the obtained results.
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